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Insect biodiversity and forest pests — the case
of ground beetles (Col.: Carabidae) and cockchafers
(Col.: Melolonthinae) in south-eastern Poland
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ABSTRACT

Insects can play different roles in forest ecosystems. Ground beetles (Col.: Carabidae) are con-
sidered to be a group of insects that are very sensitive to changes in environmental conditions;
therefore they are often used as bioindicators of changes in forest ecosystems. Cockchafers (Col:
Melolonthinae) are known to be significant forest pests by feeding on the roots of plants (grubs)
and tree foliage (adults) resulting in serious damage to tree plantations and forest stands. The aim
of study was to assess the effect of disturbances resulting from the long-lasting occurrence of
cockchafers on the diversity of ground beetles collected in the affected and non-affected stands.
The research was done in two Forest Districts (Lubaczéw and Narol) on 141 plots established
on a regular grid. Pitfall traps were installed in the centres of the plots and checked during the
vegetative period of 2018. The plots with traps were classified (classes 0-4) according to the
number of years with a recorded occurrence of cockchafers in the 4-years period covered by the
analysis. The number of species, as well as Shannon-Wiener and Margalef indices were used to
characterize the diversity of ground beetles. The mean number of species collected increased
along with the classes reflecting the number of years with a recorded occurrence of cockchafers.
This pattern was not fully reflected by the diversity indices, but their values were higher in the
classes with a longer lasting occurrence of cockchafers. We posit that the observed increase in
species richness corresponding to the occurrence of cockchafers is related to changes in the food
accessibility favourable for several trophic guilds of carabids (predators — hemizoophages — phy-
tophages). The increase in the abundance of dying/dead plants damaged by the feeding grubs
may be related to the properties of forest litter that may be more favourable for some carabid
species. The demonstrated variability can result from disturbances caused by cockchafers and
from changes in species composition of ground beetles in analysed stands based on various char-
acteristics, such as age or composition of tree species.
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Introduction

Insects are a very important component of forest ecosystems. They play different roles, dependant
on their biology, behaviour and ecology as well as from a human perspective (humans choose to
view insects as pests or beneficial organisms). Therefore, amongst forest insects, herbivores and
predators can be found with some considered forest pests and others even used as bioindicators
(e.g., Szujecki, 1980, 2001).

All groups of insects (including the aforementioned ones) co-occur in the same ecosystems
and remain in complex relationships that shape their environmental conditions and communities.
"This concerns phytophagous insects whose feeding affects both the physiological status of trees
and the forest environment as well as the epigeic fauna, with ground beetles that respond to
such changes (e.g., MacLean and Usis, 1992; Platek ¢z a/., 2005; Skalski ez a/., 2010).

Ground beetles (Col.: Carabidae) are considered a group of insects that are very sensitive
to changes in environmental conditions; therefore, carabids are often used as bioindicators of
changes in forest ecosystems (e.g., Schwerk and Szyszko, 2007; Koivula, 2011; Sktodowski ez a/.,
2018). Ground beetles occur in various forest environments and are mostly predatory with a well-
-recognized ecology along with simple, well-known trapping methods (e.g., Szyszko, 1974;
Niemeli ez al., 2007; Tarwacki, 2012). The occurrence of Carabidae is closely related to their
food resources (Riddick, 2008). Several methods are used for the assessment of ground beetle
diversity and its variability in time and space including classic ecological indices such as domi-
nance or fidelity (e.g., Huruk, 1993; Konieczna ¢z a/., 2012), indices depicting biodiversity (such
as the ones proposed by Shannon-Wiener, Simpson, Margalef and others) (¢.g., Tarwacki, 2004;
Hammond ¢# a/., 2018) or indices based on beetle biomass (e.g., Szyszko, 1983; Tarwacki, 2004;
Skalski ez al., 2010).

The cockchafers (Col: Melolonthinae) are known as important forest pests in Europe (Gto-
wacka and Sierpiriska, 2012). In Poland, the damage and control of these insects has remained
a serious problem in forestry for the past several decades (Sicrota ez a/., 2019) increasing recently
due to the restrictions in the use of insecticides in forests (Skrzecz and Perlifiska, 2018). By feed-
ing on the roots of plants (grubs) and tree foliage (adults), they are able to cause serious damage
in plantations as well as in forest stands. The main species causing damage in forests are Melolontha
melolontha L. and M. hippocastani F. whose biology is well recognized and very similar (e.g., Ula-
towski, 1933; Nunberg, 1948; Szujecki, 1995; Woreta and Sukovata, 2014). The life cycle in both
species is 3-5 years, therefore the ‘swarming year’ with massive flight and feeding of adults usu-
ally occurs every 4 years. The damage resulting from the feeding of grubs results in the death
of young forest trees (both planted and from natural regeneration), and the adults cause defoliation
of deciduous trees which can be very intensive.

An inventory of selected natural and cultural values was done from 2016-2022 in the area
of Forest Districts within the Regional Directorate of State Forests (RDSF) in Krosno and in
3 national parks (southeastern Poland). As part of this inventory data related to the ground bee-
tles was collected. This article will analyse the selected data in relation to the processes taking
place in the investigated forest ecosystems. It is commonly known that ground beetles respond
to the disturbances in forest ecosystems by increasing their species diversity (e.g.,, MacLean and
Usis, 1992; Skalski ez a/., 2010; Sktodowski, 2017). The aim of this study was to assess the effect
of disturbances resulting from the long-lasting occurrence of cockchafers feeding on the roots
and aboveground parts of trees on the diversity of ground beetles collected in the affected and
non-affected stands. We did not expect direct interaction between cockchafers and ground bee-
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tles as the damage caused by the feeding of cockchafers was used as an example of a distur-
bance in the forest ecosystems. We hypothesize that ground beetles will respond to this distur-
bance by increasing species diversity as it was found in the other similar cases.

Materials and methods

STUDY AREA. The research area covers forests within the borders of the 2 Forest Districts (FD)
of Lubaczéw and Narol with a total forest area of 44,526 ha including 35,188 ha of State Forests
(BDL, 2022). The stands are dominated by Scots pine Pinus sylvestris L. with a 72% share of the
total forest area and other tree species of importance being 6% hornbeam Carpinus betulus L.,
6% oaks Quercus sp. and 5% alders A/nus sp. The stands in this area have been permanently
threatened and damaged by the cockchafers Melolonthinae for a long time which includes
grubs feeding on the root systems and to a lesser extent the adults feeding on the assimilative
organs of deciduous trees (IBL, 2020). The occurrence and control of cockchafers were inten-
sively studied in this area (Niemczyk, 2015; Niemczyk ez al., 2017).

OCCURRENCE OF MELOLONTHINAE. Forest compartments with the presence of cockchafers in
any given year that fulfilled at least one of the following criteria (Zarzgdzenie, 2016) were con-
sidered:

- observed increased presence of adults in the stands,

— threat from the grubs assessed yearly by the forest protection service,

- need for replanting of more than 30% of seedlings,

— inability of stand to regenerate or afforestation due to the damage by grubs,

— or treatment with pesticides during 2 subsequent swarming periods.

Data on the occurrence of Melolonthinae in the 4 years analysed, including the year of trapping
(2015-2018), were supplied by the Forest Protection Service of the State Forests. The plots with
traps were classified according to the number of years with recorded occurrences of cockchafers
in the 4-years period covered by the analysis. The number of plots used for the analyses is pro-
vided in Table 1.

According to the provided data, 2015 was a year of massive cockchafers (adults) swarming
with a subsequent swarming recorded in 2019. In 2015, chemical (920 ha — spraying from the
ground using Mospilan 20 SP) and mechanical (990 ha — supervised collection of Melolontha
adults only) treatments against beetles feeding on the broadleaved trees were applied (Forest
Protection Service of the State Forests, unpublished data). No precise information about the
location of the treatments is available.

ASSESSMENT OF GROUND BEETLES DIVERSITY. The trapping was done in the inventory plots estab-
lished in a regular grid of 1x1 km, although every second plot was sampled. In total 190 plots

Table 1.

Number of plots in individual classes representing the number of years with recorded occurrences of
cockchafers used for diversity analysis

Class (no of years) Number of plots
0 (no occurrence) 72
1 (1 year) 39
2 (2 years) 7
3 (3 years) 10
4 (4 years) 13

Total 141
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were sampled. Pitfall traps (Barber type, one trap per plot) filled with 100 ml of ethylene glycol
were installed in the centres of the plots and checked during the vegetative period of 2018.
Insects were collected at 1-month intervals (4 control periods). Carabidae were separated from
the collected insects and identified to the species level (except 102 specimens identified to the
genus level). The plots on which the number of collected carabids did not exceed 50 individuals
were excluded according to the criteria proposed by Schwerk and Szyszko (2007) for the assess-
ment of the mean individual biomass (MIB) of ground beetles. Therefore, the total number of
plots used for the analysis was 141 (Table 1). Of this total number there were 69 localities (49%)
with an observed presence of cockchafers (Table 1). The spatial distribution of inventory plots
included in the analysis in relation to the occurrence of cockchafers is provided in Figure 1.

[ Forest districts

® Location of traps
Cockchafers occurrence (years):
|0

ANWOWN =

Fig. 1.

Location of inventory plots with traps included in the analysis and the forest compartments in individual
classes of cockchafer occurrence (number of years)
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In order to characterize the diversity of collected ground beetles, the following indices
were calculated for each trapping locality:

number of species (taxa);

Shannon-Wiener index (H) to measure the diversity of species in a community:

H==3piInp;

where:

;- is the proportion of the entire community made up of species i

Margalef index (DMg) to measure the species richness in a community:

!
Mg — lnN

where:

N — the total number of individuals in the sample and

§ - the number of species recorded.

DaTA ANALYSIS. The data related to ground beetles (points) have been spatially joined with the
data related to the occurrence of cockchafers (polygons) using ArcView 3.2. (ESRI Redlands,
California). In order to test the effect of selected stand features, the plots were divided into
groups reflecting their species composition as either ‘coniferous’ with Scots pine or Silver fir as
the dominant species or ‘deciduous’ with deciduous species (mainly oaks Quercus sp. and
European beech Fagus sylvatica 1..) as the dominant species in the database based on the forest
inventory. In order to test the effect of the stand age, the plots were distributed into two classes
of either under (‘<60’) or over (‘>60’) 60 years (Lutyk, 2002). The basic statistics and the testing
of differences resulting from the presence of cockchafers and the duration (1-4 years) as well as
selected stand features,were done using the Levene test, one-way ANOVA and Tukey HSD
test using Statistica 13 software (TIBCO, 2017).

Results

OCCURRENCE OF COCKCHAFERS. During the period covered by the analysis (2015-2018) the number
of plots with a recorded occurrence of cockchafers at least in one year was 69. However, it was
not even over the years with the highest in 2015 (58), the lowest in 2016 (20), and intermediate
in 2017-2018 (27 and 30, respectively). Amongst the 141 stands included in the analysis, there were
98 plots located in ‘coniferous’ stands including 51 plots with a recorded occurrence of cockchafers,
and 43 in ‘deciduous’ stands including 18 plots with a recorded occurrence of cockchafers. In the
sample of 141 plots, 40 were located in the stands under 60 years (18 with cockchafers) and 101
in the stands over 60 years (51 with cockchafers).

SPECIES COMPOSITION OF GROUND BEETLES. In total 19,856 beetles were collected (see Appendix)
with an average of 140.8 (+SD 95.5; 50-572) beetles per trap. The collected beetles represented
65 species, 102 specimens were identified at the genus level (2 genera: Amara sp. — 20 exx. and
Notiophilus sp. — 82 exx.). In the total sample of collected beetles, five of the most abundant
species (68.9% of the total) were Prerostichus niger (Schall.) — 3912 (19.7%), P. oblongopunctatus
(Fabr.) = 3171 (16.0%), Carabus violaceus 1.. — 2761 (13.9%), C. arvensis Herbst — 2423 (12.2%),
and C. glabratus Payk. — 1411 (7.1%). Of the remaining beetles species, 29 were represented by less
than 10 specimens and 22 with less than 5 specimens.

DIVERSITY OF CARABIDAE. The mean number of collected species in all 141 plots was 12.5 with
variability between 6 to 23 species. The mean value increased with the number of years with
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a recorded occurrence of cockchafers (classes 0-4) from 12.0 in the plots with no occurrence
(class 0) to 14.3 in the plots with 4-years occurrence (class 4). However, the effect was not sta-
tistically significant (ANOVA F=1.52, p=0.20). The minimum number increased incrementally
from 6 (class 0 and 1), to 9 (class 4), and then to 10 (class 3), while the maximum number (23)
was the same in classes 0 and 4 and lower (18-21) in classes 1-3 (Fig. 2).

The mean (£SD) value of the Shannon-Wiener index in all 141 plots was 1.858 +0.381,
varying from 0.630 to 2.506. Its mean value was the lowest in the classes 0 and 1 (1.841 £0.378
and 1.817 £0.400, respectively) and higher in the higher classes of cockchafer occurrence. The
highest mean value was in the class 3 (2.028 £0.315) and then slightly decreased in class 4 to
1.928 +0.369. However, the effect was not statistically significant (ANOVA F=0.76, p=0.55).
The minimum value was the lowest in class 1 (0.630) and the highest in class 3 (1.408), while
the maximum value was the lowest in class 1 (2.408) and the highest (2.482) in class 4 (Fig. 3).

The mean value of the Margalef’s species richness index in all 141 plots was 2.412 £0.737
varying from 0.927 to 4.302. The mean value was the lowest in class 0 (2.318 £0.758) and increasing
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incrementally in higher classes of cockchafer occurrence up to 2.903 £0.824 in class 3 and then
slightly decreasing in class 4 to 2.720 £0.676 although the general effect was not statistically sig-
nificant (ANOVA F=2.090, p=0.09) as well as the differences between individual classes. The
minimum value was the lowest in class 0 (0.927) and the highest in class 3 (1.860), while the
maximum value was the lowest in class 1 (3.517) and the highest (4.302) in class 3 (Fig. 4).

DOMINANT SPECIES. The occurrence pattern of the 5 dominant ground beetle species was not the
same within each individual species (Fig. 5). In the case of 2 species (C. glabratus and C. violaceus)
the highest number of collected beetles was recorded in class 4, but in the case of C. violaceus
the number increased incrementally between classes 2 and 4. C. arvensis showed the opposite
pattern with the number of beetles decreasing with increasing class of cockchafer occurrence.
Lastly, in both species of Prerostichus no clear pattern was found.

EFFECT OF STAND FEATURES. The indices describing the diversity of ground beetles were analysed
in the whole sample of plots (141). In the stands belonging to the group ‘coniferous’ (98 plots,
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including 51 with cockchafers), the mean number of ground beetle species was slightly lower
(12.03 £3.62) than in 43 (including 18 with cockchafers) plots in the stands qualified as ‘decid-
uous’ (13.54 +4.07) with a statistically significant difference (ANOVA F=4.78, p=0.03). Similarly,
the Shannon-Wiener and the Margalef indices were lower in ‘coniferous’ plots (1.83 +0.38 and
2.31 £0.69, respectively) than in ‘deciduous’ plots (1.92 £0.38 and 2.64 £0.79, respectively), how-
ever the difference was significant only in case of the Margalef index (ANOVA F=6.23, p=0.01).

In regards to the age of stands, no significant effects were observed. In the stands belong-
ing to the group ‘>60’ (101 plots), the mean number of ground beetle species was slightly lower
(12.46 £3.74) than in 40 plots in the stands qualified as ‘<60’ (12.55 +4.04) with no statistically
significant difference found (ANOVA F=0.01, p=0.91). Conversely, the Shannon-Wiener and
the Margalef indices were higher in the *>60’ plots (1.86 £0.38 and 2.42 +0.76, respectively) than
in the ‘<60’ plots (1.83 £0.40 and 2.38 +0.68, respectively), however the difference was not sta-
tistically significant in the case of either indices (ANOVA F=0.32, p=0.57 and F=0.09, p=0.76,
respectively).

Discussion

During a one year period of beetle trapping, beetles belonging to 67 species were collected which
is almost the same number as in the anthropogenic grasslands of Germany where 66 species
were identified (Mayr e a/., 2007), but slightly less than in the protected area of Swictokrzyski
National Park where 70 species were recorded (Huruk, 1993). Sktodowski and Zdzioch (2006)
who studied ground beetles in the Pisz forest which was destroyed by a hurricane found 59
species of ground beetles. Tarwacki (2004) found only 30 species in the Scots pine forest studied,
Radawiec and Aleksandrowicz (2013) identified 31 species in an agriculturally managed meadow,
and Aleksandrowicz ¢z al. (2008) recorded 40 species in a spring wheat field of study. It is obvious
that the number of species collected in a study depends on many factors which includes both
environmental (site features, species composition, stand age, efc.) and technical (number of traps
used, frequency of insect collection, trapping period). Therefore, a simple comparison with the
results obtained by the cited aforementioned authors should be treated as very general gauge
to enabling the comparison of our results to those obtained in other studies. However, taking
into account the short trapping period, one can conclude that the range of species captured in
the forests of Lubaczéw and Narol Forest Districts is relatively rich.

The diversity of ground beetles, expressed by the mean number of species collected,
increased with the classes reflecting the number of years with recorded occurrences of cockchafers
(Fig. 2). This pattern was not fully reflected by the diversity indices (Fig. 3 and 4), although their
values were higher in the classes with longer lasting occurrences of cockchafers. This variability
can be explained by features and relationships which will proceed to describe.

As mentioned prior, the occurrence of ground beetles is closely related to food resources.
They belong to several trophic guilds with most of the species being predatory (often divided
into groups of large and small zoophages), some species which are hemizoophages, and others
phytophagous (Riddick, 2008). There are also species with unknown feeding ecologies, there-
fore one could assume a relationships with decaying organic matter. As ground beetles are widely
distributed throughout various environments, the food relationships with their conditions are very
complex. Nevertheless, we posit that the observed increase in species richness corresponding
with the occurrence of cockchafers is related to the changes in the food accessibility which are
favourable for several trophic guilds of carabids. The positive effect of a ‘swarming year’ (2015)
could contribute to the enhancement of food resources resulting in the increase in the number
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of species (Fig. 2) and diversity indices (Fig. 3 and 4). It was observed that the feeding of folio-
phagous larvae causes considerable fall of valuable organic matter onto the forest floor which
has a positive effect on matter cycling in the ecosystem by fast decomposition processes (Platek
et al., 2005). Therefore, a similar effect of the grubs feeding can contribute to the response of
carabid beetles to environmental changes.

The stands in the study area were subjected to protective treatments during the period
covered by of the analysis. "Two types of treatments were applied: mechanical and chemical. In the
mechanical treatment, only the collection of Melolontha adults was applied, therefore no effect
on epigeic beetles could be ascertained. In the chemical treatment applied for Melolontha adults,
spraying with Mospilan 20 SP, a neonicotinoid-based product, was used. Laboratory assays
demonstrated that Mospilan has no toxic effect on the carabid beetle Harpalus rufipes (De Geer)
(Lanzi ez al., 2022). Further, field investigations showed that the fluctuations in carabid fauna
in sprayed and control stands were of more general kind with Mospilan having no effect (Mazur
et al., 2015). Therefore, we can assume that control measures applied against Melolontha did not
substantially disturb the studied relationships with carabid fauna.

The stand features including age and general species composition had a slight or no effect
on the analysed results. The ‘coniferous’ and ‘deciduous’ plots with and without the presence
of cockchafers were almost equally represented (about a half in each group). Therefore, the effect
of this stand feature can be regarded as negligible in regard to the disturbances caused by
Melolontha. Lutyk (2002) reports that in older Scots pine stands (over 60 years) the number of
collected ground beetle species was higher (18-20 species) than in the young stands (20-40
years) which was markedly lower (14-15 species). Our findings, in contrast those just cited, are
most likely a result of the larger sample size and higher diversity of stands with traps. Nevertheless,
the results of our analysis suggest no significant effect of stand features on the studied effects
of disturbance on ground beetles.

It has been documented that carabids prey upon the Coleoptera families such as Curculionidae
or Nitidulidae (Riddick, 2008) as well as on moths such as , e.g., Lymantria dispar (1..) (MacLean
and Usis, 1992). The predation of Carabidae on dung beetles has also been documented in the
literature (e.g., Young, 2015). A total of 27 species of ground beetle prey upon the larvae of
Phyllophaga and Melolontha (Coleoptera: Scarabaeidae) (Larochelle, 1990). This could explain
the effect of the occurrence of cockchafers on carabids, especially in regard to the abundance
of large predators. The dominant species in our collected insects were large (Carabus spp.) or
medium-sized (Prerostichus spp.) predatory beetles (Fig. 5) known for feeding on insects (Fawki
et al., 2005) and in the case of P. oblongopunctatus also in the larval stage (Schelvis and Siepel,
1988). On the other hand, it is hard to ascertain the direct effect on the abundance of grubs as
prey as they spend their lives in deep soil layers, being inaccessible for carabids. For this reason,
the effect could rather be indirect, through more complex relationships in the microenvironment
and inhabiting organisms.

It is probable that non-predatory carabid species (¢.g., seed feeding but also saprophagous)
are attracted by the decaying organic matter from the roots and plants damaged or killed by the
grubs. Beetles from at least some of the species collected in our traps, such as Amara communis
(Panz.), A. similata (Gyll.), Harpalus rufipes, and H. latus (L.), are known as phytophages (Mayr
et al., 2007; Cutler ez al., 2012), and representatives of some genera (Amara, Harpalus, Poecilus,
Prerostichus) are known as seed predators (Honek ¢z a/., 2003; Riddick, 2008). The increase in
abundance of such species represented by beetles of a relatively small size (and biomass) could
contribute to an increase in the number of species (Fig. 2) and value of the Margalef index (Fig. 4)
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in relation to the number of years with recorded occurrences of cockchafers. The effect related
to the increase in the abundance of dying or dead plants damaged by the feeding grubs may also
be contigent on the properties of forest litter favourable to some carabid species collected such
as Prerostichus oblongopunctatus (one of the most numerous in the collected material), Abax carinatus
(Duft.) (Sktodowski ez al., 2018) as well as Abax species: A. ovalis (Duft.) and A. parallelepipedus
(Pill. er Mitt.) and small zoophages which were more abundant in the plots with cockchafers.

The variability between classes, representing the number of years with recorded occur-
rences of cockchafers (stepwise increase between classes 0 and 4, except class 3), can result
from disturbances caused by cockchafers similar to those observed following wind damage
(Hilszczariski ez al., 2016; Sklodowski, 2017). However, they might also be attributed to the
changes in ground beetle species composition in the studied stands with various characteristics
which were only generally analysed in this paper.

Conclusions

# The disturbances in the forest ecosystem related to the feeding of cockchafers (both grubs
and adults) positively contributed to the diversity of ground beetles.

# The observed increase in species richness is most likely related to changes in food accessibility
favourable for several trophic guilds of carabids (predators — hemizoophages — phytophages).

#* The effect related to an increase in the abundance of dying and dead plants damaged by the
feeding grubs may change the properties of forest litter which is favourable for some carabid
species.

# More detailed analysis of the relationships between the diversity of ground beetles and envi-
ronmental features could contribute to a better understanding of the presented results obtained
in the forest stands with various characteristics of this study.
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Species of ground beetles collected on the inventory plots of Lubaczéw and Narol Forest Districts
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Species

Number of individuals collected on plots:

without cockchafers

with cockchafers

Abax carinatus (Duft.)

Abax ovalis (Duft.)

Abax parallelepipedus (Pill. et Mitt.)
Abax parallelus (Duft.)
Acupalpus dubius Schilsky
Agonum fuliginosum (Panz.)
Agonum viduum (Panz.)
Amara aulica (Panz.)

Amara communis (Panz.)
Amara similata (Gyll.)

Amara sp.

Anisodactylus binotatus (Fabr.)
Badister lacertosus Sturm
Bembidion lampros (Herbst)
Bembidion mannerheimii (Sahlb.)
Bembidion quadrimaculatum (L.)
Calathus erratus (Sahlb.)
Calosoma inquisitor (L..)
Carabus arvensis Herbst
Carabus cancellatus 111.
Carabus convexus Fabr.
Carabus coriaceus L.

Carabus glabratus Payk.
Carabus granulatus L.

Carabus hortensis L.

Carabus intricatus 1.

Carabus irregularis Fabr.
Carabus linnei Panz.

Carabus obsoletus Sturm
Carabus variolosus Fabr.
Carabus violaceus 1.

Clivina fossor (L.)

Cychrus caraboides (L.)
Cymindis humeralis (Geoffr. in Four.)
Drypta dentata (Rossi)
Dyschirius globosus (Herbst)
Elaphrus cupreus Duft.
Harpalus latus (L.)

Harpalus rufipes (De Geer)
Leistus piceus Frolich

Leistus rufomarginatus (Duft.)
Molops piceus (Panz.)

Nebria brevicollis (Fabr.)
Notiophilus sp.

Oxypselaphus obscurus (Herbst)
Panagaeus bipustulatus (Fabr.)
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Appendix continued
Species of ground beetles collected on the inventory plots of Lubaczéw and Narol Forest Districts
Number of individuals collected on plots:

Species without cockchafers with cockchafers
Patrobus atrorufus (Strom) 2 0
Platyderus rufus Duft. 41 47
Platynus assimilis (Payk.) 94 63
Poecilus cupreus (L..) 3 5
Poecilus lepidus (Leske) 2 1
Poecilus versicolor (Sturm) 21 18
Prerostichus aethiops (Panz.) 99 132
Prerostichus anthracinus (111.) 57 18
Prerostichus burmeisteri Heer 0 1
Prerostichus foveolatus (Duft.) 2 1
Prerostichus melanarius (111.) 255 351
Prerostichus minor (Gyll.) 1 2
Prterostichus niger (Schall.) 2165 1747
Prerostichus oblongopunctatus (Fabr.) 1726 1445
Prerostichus rufitarsis (Dejean) 5 7
Prerostichus strenuus (Panz.) 6 5
Prerostichus vernalis (Panz.) 0 1
Stomis pumicatus (Panz.) 3 5
Syntomus truncatellus (L..) 2 0
Synuchus vivalis (111.) 0 1
Trichotichnus laevicollis (Duft.) 11 2
Total 9924 9932

STRESZCZENIE

Roéznorodnosé biologiczna owadéw a szkodniki lesne
- przypadek biegaczowatych (Col.: Carabidae) i chrabgszczy
(Col.: Melolonthinae) w poludniowo-wschodniej Polsce

Owady stanowig wazny element ekosysteméw lesnych, odgrywajgc rézne role w zaleznosci od
swojej biologii, ekologii czy behawioru, przez co jedne klasyfikuje si¢ jako szkodniki lesne, a inne
jako bioindykatory. Wszystkie grupy wspétwystepujg w tych samych ekosystemach lesnych,
a migdzy nimi zachodzg ztozone relacje ksztattujgce ich zbiorowiska oraz warunki srodowiskowe.
Chrzgszcze z rodziny biegaczowatych (Carabidae) sg grupg owadéw wrazliwych na zmiany warun-
kéw Srodowiskowych, przez co czgsto wykorzystywane sg jako bioindykatory zmian w ekosyste-
mach lesnych. Ich wystepowanie jest silnie zwigzane z zasobami pokarmowymi. Chrabgszczowate
(Melolonthinae) znane sg w Europie jako szkodniki lesne, ktére zerujgc na korzeniach roslin
i lisciach drzew, wyrzadzaja szkody w uprawach i w drzewostanach. Najwicksze znaczenie maja chra-
baszcze o podobnej biologii: majowy Melolontha melolontha L. i kasztanowiec M. hippocastani F.

W latach 2016-2022 na terenie Nadlesnictw RDLP w Kro$nie oraz w 3 parkach narodowych
(potudniowo-wschodnia Polska) wykonywano inwentaryzacj¢ wybranych waloréw przyrodniczych
i kulturowych, w ramach ktdrej pozyskano dane dotyczace biegaczowatych. Celem przedstawio-
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nych w artykule badari byta ocena wpltywu wystepowania chrabaszczy na réznorodnos$¢ chrzaszezy
z rodziny biegaczowatych. Badania prowadzono na terenie nadlesnictw Lubaczéw i Narol (RDLP
w Krosnie), ktére od dawna cechuje wzmozone wystepowanie chrabgszczy powodujgcych szkody.
Dla potrzeb analizy wykorzystano dane dotyczace ich wystepowania w oddziatach lesnych pod-
czas 4 lat poprzedzajacych odlowienie biegaczowatych (2015-2018), udostgpnione przez Zespét
Ochrony Lasu w Krakowie. Za oddzialy objgte ich wystgpowaniem w danym roku uznawano te,
w ktérych spetnione bylo przynajmniej jedno z kryteriéw kwalifikujacych je jako uporczywe ped-
raczyska. Oddziaty sklasyfikowano pod wzgledem liczby lat wystgpowania chrabgszczy (klasy 0-4)
w 4-letnim okresie objetym analizg.

Chrzaszcze z rodziny biegaczowatych byly odtawiane do putapek ziemnych typu Barbera
w sezonie wegetacyjnym 2018 1. Ze 190 stanowisk na terenie obu nadlesnictw wybrano do analizy
141, odrzucajgc te, w ktérych odtowiono mniej niz 50 osobnikéw biegaczowatych (tab. 1, ryc. 1).
Sposréd tych powierzchni na 69 stwierdzono obecnosé chrabaszezy przynajmniej w jednym roku.
Do scharakteryzowania zréznicowania pozyskanych biegaczowatych obliczono dla kazdego stano-
wiska liczb¢ gatunkdéw oraz wskazniki Shannona-Wienera i Margalefa. Obliczone wskazniki pod-
dano analizie w relacji do liczby lat w czteroleciu ze stwierdzonym wystgpowaniem chrabgszczy.
Liczba powierzchni w oddziatach obj¢tych wystgpowaniem chrabgszczy byla najwicksza w 2015
1. (58), najnizsza — w 2016 r. (20), a w latach 2017-2018 wynosilta odpowiednio 27 i 30. W 2018 1.
na wszystkich powierzchniach odlowiono 19 856 osobnikéw biegaczowatych z 65 gatunkéw, srednio
140,8 osobnika na 1 powierzchni¢. Najliczniej odlowiono biegaczowate z gatunkéw: Prerostichus
niger (Schall.) — 3912 (19,7%), P. oblongopunctatus (F.) — 3171 (16,0%), Carabus violaceus L. — 2761
(13,9%), C. arvensis Herbst — 2423 (12,2%) i C. glabratus Payk. — 1411 (7,1%). Srednia liczba gatun-
kéw odlowionych na jednej powierzchni wynosita 12,5 (6-23 gatunki), wzrastajac w kolejnych
klasach odpowiadajacych liczbie lat z wystgpowaniem chrabaszezy (ryc. 2). Srednia wartosé wskaz-
nika Shannona-Wienera wyniosta 1,858 i byta najnizsza w klasach 0 i 1, najwyzsza w klasie 3
i nieco nizsza w klasach 2 i 4 (ryc. 3). Srednia wartos¢ wskaznika Margalefa wyniosta 2,412 i byta
najnizsza w klasie 0, wzrastajac stopniowo w klasach 1-3 (ryc. 4). Sposréd dominujgcych gatunkéw
2 = C. glabratus i C. violaceus — wystapity najliczniej w klasie 4, podczas gdy u gatunkéw z rodzaju
Prerostichus nie stwierdzono w tym zakresie wyraznego wzorca (ryc. 5).

Wystepowanie biegaczowatych zwigzane jest z zasobami pokarmowymi, przy czym gatunki
z tej rodziny nalezg do réznych grup troficznych — wigkszos¢ to gatunki drapiezne, czesé to hemi-
zoofagi, ale niektdre sg roslinozercami. Stwierdzony stopniowy wzrost liczby gatunkéw biega-
czowatych w kolejnych klasach wystgpowania chrabgszczy wigze si¢ ze zmianami w zasobach
pokarmowych odpowiadajacych poszczeglnym grupom troficznym. Mozliwe, ze gatunki nie-
bedace drapiezcami reaguja wéwezas pozytywnie na wzrost dostgpnosci rozktadajgcej si¢ materii
organicznej, np. z obumartych sadzonek lub korzeni. Wzrost liczebnosci tych gatunkéw, o matych
wymiarach ciata, mégl wplyna¢ pozytywnie na liczbg gatunkéw i warto$¢ wskaznika Margalefa.
Wiadomo, ze Carabidae pozytywnie reagujg na zmiany wynikajace z zaburzen, takich jak zery
innych grup owadéw, co moglo mie¢ miejsce takze w analizowanym przypadku wzmozonego
wystegpowania chrabaszczy.



