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Introduction

The number of insect species in our country is Ige4® 000, out of
which 6350 belongs to the order of beetl&oléopterd. So far the
occurrence of 534 ground beetl@afabidag species have been detected in
Hungary.

The most suitable organisms to reveal the effetimnous agricultural and

forest management techniques are the epigeic adbs) especially the
ground beetles and spiders. Both groups can bddssed good indicators,
since they react sensitively to various environmakenimpacts and

anthropogenic interference. There are properly ldpeel methods for their
sampling and collection. The main method for mamip ground beetle

communities is pitfall trapping. With the help dffall trapping surveys, the
composition and ecological parameters of groundldeessemblages of a
specific area are easily determinable.

In Hungary, the size of forest covered areas &% Rillion hectares, and the
forestation of the country is 20,9%. The principtéghe 2009 XXXVII on
Forest Conservation and Forest Management Act aad2017 LVI
amendment are organised around the concept of isaiska forest
management. Increasing biodiversity and improvirggriaturalness of forests
are at the forefront. The main goal in the impletagon of near-natural
forest management is to move from clear cuttinggbmanagement to single
selection forest management. Converting forest gwment serves this
purpose. The transition can be accomplished byw stnovation process,
which involves artificially creating gaps in theoskd forest stock. The
impacts of artificially created gaps on biodiverditave been less studied so
far. My goal was to determine the effect of gapstbha ground beetle
communities in two different forest stands (turlaak, oak-hornbeam). For
this purpose, | have been conducting pitfall tragpsurveys for 2 years in
the vicinity of two artificially created gaps (ihd stand, in the edge and in
the gap) in each forest.



Research Goals

I conducted my research in two gap-renewal affectiedest
subcompartments (oak-hornbeam: Bejcgyertyanos I8Atarkey oak: Vép
32D), managed by Sarvar Forestry of Szombathelyedstor Corporation.
Both subcompartments were also studied by the B&m@derimental Station
of NAIK-ERTI. | matched my research with the netwaet up by NAIK-
ERTI. This way, their measured parameters (soilstoog, light conditions,
undergrowth cover, openness) have become companaibhe my own
trapping data. | collected samples on a two-weedsha 2013-2014. During
my research, | was looking for answers to the feiltg questions:

e The ground beetle fauna of Vas County is well ergd, and several
publications have been published in recent yeaosvelter, in the forests
in the vicinity of the two settlements, no such eash has been
conducted yet. Thanks to my research, it was egdetd trap some
species, that were never before detected in Vasni@ouAnother
important element of the research is the deteatifoprotected and rare
species of fauna in Hungary.

- What kind of ground beetle species live in the suovey areas?

- Are there any new, never before detected speciéiseiriwo survey
sites?

- Are there any rare and/or protected species itvthesurvey sites?

e According to my assumption, the less dry oak-heamb forest will have
higher diversity values. There can be remarkabféerdinces between
dominance structures, since the forests most likale different ground
beetle fauna.

- Which area (turkey oak or oak-hornbeam) has moreetya
concerning the ground beetle fauna?

- Which are the dominant species? How does the fctofi these
species change in the survey years?

e | assume, that the formation of gaps increaseslitresity of the ground
beetles. Thanks to the gaps, even species thatatigriive in open
habitats may be found in the area.. It can be asduthat generalist
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species will also occur in greater numbers. | uspdcies saturation
graphs to check if the number of samplings wasigefit. Diversity
values are expected to be higher in the gaps.

- What impact does the formation of gaps have ongtioeind beetle
fauna of the area?

- How do the characteristic ecological indicatorse(dps saturation
graphs, dominance values, diversity -, equitabiligfues, diversity
comparisons, species similarity indices) of eaegaaevelop?

My assumption is that the specimen numbers caingtite forest stands
and in the gaps will be similar, but there will #iéferences between the
numbers of trapped specimens in the two habitais.dxpected that this
difference between the two habitats can be confirrby statistical
methods.

- Is there a statistical difference between the iiddial trapping
transects?

Significant correlation between environmental paggers and the number
of trapped species is expected. Openness andl#tmgdight conditions,
as well as undergrowth coverage showed the higladses in the middle
of the gaps. The number of trapped ground beefiesxpected to be
higher in the forest stands. Soil humidity is atégher in the middle of
the gaps, the species number of the caught bésapected to be higher
in the gaps.

- Is there any correlation between measured soil tomeis light
conditions, openness, undergrowth coverage, anttapped ground
beetle species data?

Ground beetles use dead wood as a wintering axdéhghiplace.
Presumably the amount of lying dead wood in theanill positively
affect the number of trapped specimens.

- Is there a correlation between the trapping daththe quantity and
quality of dead wood in the area?



M aterials and methods

| conducted the surveys in the Bejcgyertydnos 13wt-(ry oak-
hornbeam) and Vép 32D (dry turkey oak) forest sulqmartments, in four
artificial 15 m x 30 m big gaps. | placed the trapsng the longitudinal axis
of the gaps, 5 m apart from each other. Each mapséct had 15 traps. |
numbered the traps from 1 to 15, starting fromribgthern and the eastern
ends of the transects. The samplings took placevesst April and
November, in 2013 (15 times) and 2014 (16 time&e Trapped specimens
were assorted, identified and prepared at the FiMasagement and Forest
Protection Institute of the University of Sopron.

| compared the openness, light conditions and gnderth data of the Sarvéar
Experimental Statin of NAIK-ERTI with my specimerumber data. |
adjusted the soil traps to the sample points sethbyn, so | could do the
correlation tests with the environmental paramesetsally measured along
the traps. In addition, the distance from the madoll the gaps, the average
body size of the beetles, and the amount of deadwoohe areas and their
quality were also correlated with the trapped leeédita.

During the evaluation of the data, the sufficieléythe sample number was
analyzed by species saturation graphs. | determitteel dominance

characteristics of the individual areas, on theisba$ which | created the

swarming curves of the 5 most dominant speciesaofi @rea. The protected
and rare species were analyzed separately in timsta part.

| analysed the rank abundance graphs, Shannon-\Wdasgsity, Simpson
diversity, and equilibrium values of the areas. cbonpare the diversities, |
used Rényi's diversity arrangement. | used the atdcdBray-Curtis, and
Renkonnen indexes of the identity indexes. Basedbonard and Bray-Curtis
similarity indexes, | have created the hierarchicdlster analysis
dendrograms.



| used the Jaccard, Bray-Curtis, and Renkonneniepeaimilarity indices.
Based on the Jaccard and Bray-Curtis similarity exe$, | made
dendrograms of hierarchical cluster analysis.

In the ordination analysis | applied non-metric ftiditnensional scaling
using the Bray-Curtis similarity index.

In the canonical correspondence analysis, the 1€t dominant species of
the two areas and the protected species of theteas were correlated with
the distance of the traps from the middle of thpsgaas well as the soil
moisture, openness and undergrowth cover data,ureshby NAIK-ERTI.

Correlation analysis was done to gain insight itite correlation between
ground beetle communities and environmental paraisieHere, the trapped
ground beetle data were correlated with the dataitaimeasured dead wood,
the distance from the middle of the gaps, the ae=bmdy size of the trapped
beetles, and the measured soil moisture, opentighs, and undergrowth

cover.

Result and conclusions

In the course of my research, 14 083 individuals78fspecies were
detected, out of which 2 932 individuals were preda The collection is
currently located at the Forestry and Forest Ptiotednstitute of the Faculty
of Forestry at the University of Sopron. During masearch 10 protected, 6
rare and 2 new (to Vas County) species of grouradlé® Amara anthobia
Ophonus gamm@liwere detected. The difference between the twasyea
species and specimen numbers in the Bejcgyertyame@swas not as big as
in Vép. The species and specimen numbers were rhigier in the
Bejcgyertyanos area. The number of specimens peplsaand per trap were
analyzed. Based on the two-year trapping of thetesbareas, | compiled the



species saturation curves. The curves flatten¢deaénd of the second year
of both researched areas, so there were a sufficienber of samples.

The analysis of the community and ecological charatics was started by
analyzing the diversity values of the trapped le=eith the areas. In the case
of diversity values, | used Shannon-Weaver and Semgliversity values as
well as equitability. On the basis of the diversitdices and the equitability
values, it can be stated that in most cases theesabf diversity and
equitability of the gaps were the highest (excepthe case of the Vépi area
at 2014). The peaks of the polynomial trend linded on the graphs were
approximately in the middle of each transect (igaps). To compare
diversites, | used Rényi's diversity profiles. @e basis of the results, it can
be stated that the opening of the gaps in botldstarcreases the diversity of
the ground beetle fauna of the area.

There are two large groups regarding the specimiasity indices (Jaccard,
Bray-Curtis), the dendrograms of the hierarchidakter analyzes based on
them, and the ordination tests (Bray-Curtis). Ormug includes traps in the
gaps, while the other group includes traps in tivest stand. The traps that
we define as edge located are between the gapshenbrest stand’s traps
in the case of the oak-hornbeam forest, wherea® ttraps in Vép are more
similar to the traps of the forest stands. The datidex takes into account
the species number. Based on this, there is nerdiite between the species
number of the gaps and the stand, so it is noalslgitfor further testing. The
Renkonen index was used to compare the adjacgst BBased on this, it can
be shown very well that the similarity between adja traps is low at either
end of the transects (in the stand), but gradugdlis higher towards the
middle of the gaps, where it is the highest. | a®d higher values when
comparing forest traps.

| adapted my research to the network set up by NBRTI's Sarvar
Experimental Station. | trapped their most survetyed gaps. This allowed
me to correlate the trapped ground beetle data Widir soil moisture,
openness, light, and undergrowth cover data. | ascelated dead wood data
(measured by me), body sizes and trap distancesth®nbasis of the
correlation analysis, | identified a significantsitove correlation between the
number of trapped species and the distance fronmtidelle of the gaps.
There was a significant negative correlation betwggecies number and soil
moisture, openness, and measured light conditiims.amount of deadwood



showed a significant positive correlation with thember of trapped species
only in the area of Bejcgyertyanos.

| carried out a canonical correspondence analytis the most important
environmental factors (soil moisture, opennessgetgrwth cover, distance
measured from the middle of the gaps), and withptiméected species of the
two areas. Thé&embidion lamprosand Amara convexiospecies showed a
positive correlation with undergrowth cover, soibisture, and openness in
the case of Bejcgyertydnos. The specimen numbethede species was
higher in the gaps than in the stand. The valuesndergrowth cover, soil
moisture and openness were also highest in the @apwersely, these data
show a negative correlation with the caught nundfeiotiophilus rufipes
because | trapped more of this species under #melst There is a positive
correlation between the distance from the middletled gaps and the
Notiophilus rufipes Pterostichus oblongopunctatu€arabus convexuand
Carabus hortensispecies. At the same time, the distance from tickellmn of
the gaps show a negative correlation betwBembidion lamprosandAmara
convexiorspecies.

In Vép, the distance from the middle of the gapsagha positive correlation
with the Calosoma inquisitqr and a negative correlation witAmara
convexior The number ofC. inquisitor specimens has increased from the
middle of the gaps towards the stand, whereas tingbar ofA. convexior
has increased in the gaps. convexioralso shows positive correlation with
openness data. In contra3techus quadristriatusand Notiophilus rufipes
have a negative correlation with openness. In @82 ©f these species, the
number of trapped specimens increases from thelen@fdhe gaps towards
the stand. Soil moisture and undergrowth cover dateelate positively with
Harpalus tardus Molops elatus Amara saphyreaand Carabus coriaceus
species. In contrasCalosoma inquisitorand Carabus nemoralishave a
negative correlation with these data. For thesecispe | trapped fewer
individuals in the gaps, and more in the stands.

From a nature conservation point of view, the pesiee of gap supported
forest renewal should be considered, if the siguitable. On the basis of my
research, it can be stated that small-scale gapsase the diversity of the
area (from a ground beetle faunistic point of view)large clear cutting,

while negatively impacting the area's ground befti;a, would also most
likely cause the disappearance of large, flightlesest-specialist species
from the area. From a forest management point@ivyi also consider the
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gap supported forest renewal important, and whegesite is inappropriate
for this technique, tree retention groups shouldfdrened. In these tree
retention groups, the forest-specialist ground|besgtecies are more likely to
survive, which allows us to increase the biologibefense capacity of forests
against pests.

Theses

1. Thanks to the effect of the gap opening, | trapp2®18 individuals
of 69 species in the oak-hornbeam area (Bejcgyeog)a(in 2013: 55
species, 6 077 individuals; 56 species in 6 54ividdals in 2014), while 42
species in the turkey oak area (Vép) 465 individyal 2013: 31 species 1
131 individuals; in 2014, 32 species 334 individlia,932 specimens of the
trapped ground beetles have been prepared, whicbuigently in the
collection of the Forest Management and Foresteetioin Institute of the
Faculty of Forestry, University of Sopron.

2. The ground beetle fauna of Vas County is well esgao until the
start of this research, 349 species were detebiedng my research, with 2
new species (réti kozfutéAmara anthobiaGammel-barsonyfuté @phonus
gammel), the species count of the detected ground beetkesto 35. | have
detected 10 protecte€icindela campestris, Calosoma inquisitor, Calosoma
sycophanta, Carabus convexus, Carabus coriaceusallba nemoralis
Carabus granulatus Carabus hortensjs Carabus intricatus Carabus
ulrichii) and 6 rareBembidion obtusum, Poecilus lepidus, Amara cursitan
Amara equestris, Amara lunicollis, Ophonus gamnsglecies in the area.

3. In case of artificially opened gaps, due to themfation of open
areas, the ground beetle species number becomhsrhig closed forest
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stands. The gaps show higher diversity than theeddorest stands. The
diversities were higher in the gaps at both susrms.

4. The diversity values (Shanon-Weaver and Simpsorihefless dry
oak-hornbeam forest are higher than those of ttkeyuwak forest.

5. Summing up the trap data of the two study areaadi@gram of

cluster analysis based on Bray-Curtis similaritydein, as well as the
ordination test), it can be concluded that the gdoieetle communities differ
between the gaps and the forest stands. Due tgaheopenings, a larger
number of generalistBembidion lamprgs and open habitat preferring
(Amara convexigrCicindela campestrjsspecies appeared inside the gaps.

6. There was a significant positive correlation betvége number of
trapped beetle species and the distance measoredte middle of the gaps.
In both areas, the traps located in forest stamdse larger specimen
numbers than the ones located inside the gaps. Emenrmiddle trap (#8)
outwards in the transect, we can find increasinecispen numbers in both
directions.

7. Significant negative correlation values were folredween trapped
beetle species numbers and soil moisture datan®uhe measurement of
the soil moisture of the gaps, higher soil moistuatues were found in the
middle of the gaps, while the fewest individualsevrapped here.

8. There was a significant negative correlation betwapped beetle
specimen numbers and the measured openness v@pmsness values were
highest in the gaps. Due to the altered (increaspdhness values inside the
forest’s gaps, the number of individuals caughtethig reduced.

9. | have found that the number of forest specialigcges increases
with the distance from the middle of the gaps, wiiile number of generalist
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and open habitat preferring species decreasessgdéwmen number of the
forest specialist specie€drabus convexus, Carabus hortensis, Pterostichus
oblongopunctatus, Calosoma inquisitateclined toward the centre of the
gaps. Thus the farther a trap was located fromntiddle of the gap, the
higher its catch numbers were. In contrast, opdritdtapreferringAmara
convexiorand generalisBembidion lamprosspecies had more specimens
toward the gap centres.

10. Openness data were analyzed by canonical correspoadinalysis.
Open habitat preferring speciésnfara convexior, Bembidion lampjdsad a
positive correlation, while forest inhabiting spesiCalosoma inquisitor,
Carabus convexus, Notiophilus rufipdsad a negative correlation with this
factor.
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