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Bevezetés

Az urbanizacid a varosok terliletének és népességének
novekedésével, valamint a varosi életforma elterjedésével jard
folyamat (Mclntyre, 2011). Az urbanizacié a természetes éldhelyek
megvaltozasahoz, feldaraboldédasdhot vagy pusztulasdhoz vezethet
(McKinney, 2006). A feldarabolddott természetes élohelyfoltok
gyakran elszigetelddnek, és ezaltal korlatozzak a fajok elterjedését és
a foltok kozotti tapanyag aramlasat (Forman, 2008; Niemeld, 1999).
Az urbanizacid nagymértékben modosithatja a szennyezOéanyag-
lerakodasokat (Simon és mtsai., 2016), szamos éghajlati paramétert
(Kalnay és Cai, 2003), a tapanyagok mennyiségét (Pouyat és mtsai.,
1997) tovabba bizonyos biologia folyamatokat, mint példaul a
lebomlés és mineralizacio (McDonnell és mtsai., 1997), a génaramlas
(Niemeld, 1999).

Ezek a valtozasok negativan befolyasoljak ezeken az
térbeli eloszlasat, testiik allapotokat és az aktivitasukat (Mclntyre,
2011; Magura és mtsai., 2021; E6tvos és mtsai., 2018). A szarazfoldi
izeltlabtiakat kevésbé vizsgaltak, de a fellelhetd adatok azt mutatjak,
hogy az urbanizaci6 veszélyezteti a rovarok sokféleségét (Wagner és
mtsai., 2021; Fenoglio és mtsai., 2020). A futdébogarak (Coleoptera:
Carabidae) kedvelt csoportja az urbanizacios vizsgalatoknak (Niemeld
és Kotze, 2009; Martinson és Raupp, 2013; Magura és mtsai., 2020).
Az ¢él6lények kiilonbozéen reagalhatnak a kérnyezetiikben torténd
valtozasokra, a leggyorsabb modja a viselkedésiik megvaltoztatasa.
Ezek a valaszok el6re meghatarozhatdak, éppen ezért kedvelt kutatasi
teriilet. Egyes allatok konzisztensen reagalnak az éket éré kornyezeti
ingerekre, azaz személyiséggel rendelkeznek.

Célkitiizések

Vizsgalatunk célja az urbanizacionak koszénhetd viselkedésbeli
valaszok vizsgalata futdbogarak és holyvak esetében a debreceni
Nagyerdd teriiletén. Tovabbi célunk volt megfigyelni, hogy az
egyedek viselkedése konzisztens marad-e, azaz rendelkeznek
személyiséggel a vizsgalt fajok. Hipotéziseink a kdvetkezdek voltak:
1. A varosi egyedek sokkal aktivabbak, felfedezobbek és magasabb
kockazatvallald viselkedést mutatnak, mint a vidékiek. 2. A varosi
nostények felfedezdbbek és kockazatvallalobbak, mint a varosi himek.
3. Az egyedek viselkedése konzisztens az id6 mulasaval.



Anyag és modszerek
Mintaveteli teriilet

Mindhéarom vizsgalatunkban a mintavételezés a debreceni Nagyerdd
teriiletén zajlott. A debreceni Nagyerdé a Nyirségi homokbuckas erdds-
gyepes mozaiktajban helyezkedik el, melynek jelentds részét homoki
gyongyviragos tolgyek (Convallario-Quercetum roboris) adja (Tordok és
Toéthmérész, 2004). A kocsanyos tolgy (Quercus robur) az uralkodd fa faj
ezen a teriileten. Az wurbanizdci6 hatdsdra a varos novekedésével
parhuzamosan csokken a természetes él6hely nagysaga, de még igy is elég
nagy kiterjedésti ahhoz, hogy szamos erdei-specialista novény- és allatfaj
szamara él6helyet biztositson (Magura ¢és mtsai., 2004).

Mintavetelezés

A futébogarakat és a holyvakat négy kiterjedt természetkozeli allapoti
erd6foltbol gyhjtottiik, illetve négy varosi erdei élohelyfragmentumboél. Az
egyedeket begytijtéshez 15 csali nélkiili élve fogo talajcsapdat hasznaltunk (2
teriilet * 4 élohelyfolt * 15 csapda, azaz 120 csapda Osszesen). A csapdaba
esett egyedeket a laboratériumba szallitva egyenként Petri csészékbe
helyeztiik. A vizsgalatok utan az egyedeket mikroszkop alatt meghataroztuk
faj-és ivari szinten.

Viselkedeési jellegek mérése és kiértékelése

A futdbogarakat és holyvakat a laboratoriumba szallitast kdvetden
egyesével Petri csészékbe helyeztiik és azonos koriilmények kdzott voltak
tartva. Az egyedeket egyesével teszteltiik, eldszor nyilt teres aréna teszttel
megmértiik az aktivitasukat (Réale és mtsai., 2007; Kortet és Hedrick, 2007).
Az egyedek mozgasat kameraval rogzitettiik majd feljegyeztiik az érintett
négyzetek szamat, a fallal nem szomszédos négyzetek szamat, amiket érintett
¢és azt az id6t amig az egyed elért a mianyag doboz falaig. A meglatogatott
négyzetek szdmaval és a fal eléréséig eltelt idével meghatarozhatjuk az
izeltldbuak aktivitdsat és feldedezOkészségét (Schuett és mtsai., 2018;
Tremmel és Miiller, 2013; Gyuris és mtsai., 2011), amig a bels6 négyzetek
meglatogatasa a kockazatvallalas, batorsag paramétere (Labaduel és mtsai.,
2018). Az egyedek fenyegetésre adott reakcidit egy nyolc egyenld
szegmensre osztott gylirli alaka arénaban teszteltiik (Labadue és mtsai., 2018).
Az egyedeket kiilon-kiilon helyeztik el az aréndban és megvartuk amig
teljesen mozdulatlanna nem valtak. Ezutan mechanikus ingerrel valtottuk ki



a reakciot, az egyedek hati oldalara csipesszel kisebb nyomast fejtettiink ki.
Feljegyeztiik a futassal toltott id6t (menekiilési iddtartam) és a megtett
négyzetek szamat (menekiilési tavolsag). A menekiilés idGtartamat és
tavolsagat a fenyegetésekre adott valasznak tekintettiik (Labadue és mtsai.,
2018). A viselkedés megismételhetéségének becslésének érdekében minden
egyeden kétszer hajtottuk végre a teszteket, és a két vizsgalat kozott egy nap
telt el.

Statisztikai analizis

Az urbanizacids szint hatasait teszteltik a mért paraméterekre
altalanositott linearis vegyes modellek (GLMM) segitségével az [me4
csomaggal (Bates és mtsai., 2015). Teszteltiik a legmegfelelobb valoszinliségi
eloszlast a valasz valtozoinkra a car (Fox és Weisberg, 2019) és MASS
(Venables és Ripley, 2002) csomagokkal. Poisson-eloszlassal modelleztiik a
valasz valtozokat log-link fliggvény segitségével, mig a tobbi valtozonal
normal hibaeloszlast alkalmaztunk a log-link fiiggvénnyel (Zuur és mtsai.,
2009). Amikor a GLMM szignifikans kiilonbséget mutatott az atlagok kozott,
az LSD tesztet hasznaltuk az atlagok tobbszori dsszehasonlitdsara (Zuur és
mtsai., 2009). Annak érdekében, hogy tanulméanyozzuk azt, hogy az
izeltlabuak viselkedése konzisztens volt-e az dsszes kontextuson keresztiil a
DescTools csomag segitségével kiszamoltuk a Kendall-féle konkordancia
egyiitthatot (Signorell és mtsai.,, 2021). Kiszamoltuk a Spearman
rangkorrelaciot azért, hogy felmérjilk az egyének viselkedési mutatdinak
konzisztenciajat a kisérletek kozott az RVAideMemoire csomag segitségével
(Hervé, 2021).

Uj tudomanyos eredmények
Urbanizacio hatdsa a Carabus convexus egyedek viselkedésére

1. A C. convexus egyedek konzisztensen viselkedtek az id6 mulasaval; az
Osszes tesztelt viselkedési mér6szam szignifikansan konzisztens volt a
rangsorral és szignifikdns megismételhetdéséget mutatott a két egymast
kovetd vizsgalat soran.

2. A bogarak személyiségége felfedezd dimenzidjanak harom viselkedési
mérészama hasonld mintakat mutatott: a varosi teriiletekr6l szarmazo
ndstények altal megtett négyzetek szama, a megtett tavolsaga €s mozgasi
ideje is szignifikdnsan magasabb volt, mint a varosi himek esetében.



3. Az urbanizaci6 szintje és az egyedek neme jelentds tényezoknek
bizonyultak, amely magyardzza a C. convexus egyedek altal megtett
tavolsagot és mozgasi idejét.

4. A bogarak személyisége felfedez6 dimenzidjanak masik két mérdszama, a
belsé tér latogatasa és a falig megtett id6 nem kiilonbo6zott szignifikansan a
kiilonbdz6 urbanizacios szintl éléhelyeken €16 nemek kozott.

5. A varosi teriileteken ¢l6 ndstények kockazatvallalobb magatartast
tanusitottak, mint a természetkozeli allapotu él6helyen €16k, mivel a varosi
néstények repiilési iddtartama és tavolsaga lényegesen alacsonyabb volt,
mint a vidéki néstényeké.

6. Szignifikans kiilonbség volt a vidéki néstények és a varosi himek repiilési
reakcidjaban. A varosi himek szignifikansan révidebb repiilési tavolsagot
mutattak, mint a vidéki ndstények.

Antropogén hatasok vizsgalata a holyvak viselkedésére

1. A Kendall-féle konkordancia egyiitthatd mindharom faj esetében
szignifikans volt, ami azt jelenti, hogy a rovarok minden viselkedési mutat6ja
hasonléan viselkedett, ami azt bizonyitja, hogy a vizsgalt holyvak
kovetkezetesen reagaltak a kiilonbozo viselkedési tesztekre.

2. A menekiilési id6 konzisztens és megismételhetd volt az A. chloropterus
és a P. fulvipes esetében, mig a menekiilési tdvolsag és idétartam csak az O.
nitens esetében volt allando.

4. Mindharom holyvafaj esetében pozitiv és szignifikans volt a korrelacio az
érintett négyzetek szama és meglatogatott belsé négyzetek szama kozott.

5. A meglatogatott négyzetek szama és a menekiilési id6 kozotti kapcsolat is
mindig szignifikans volt, de ez a kapcsolat mindig negativ volt. A menekiilési
id6tartam és a menkiilési tdvolsag szignifikansan pozitiv korrelaciot mutatott
minden vizsgalt faj esetében.

6. A felfedezési dimenzid viselkedési mérészamai koziil az O. nitens himek
altal meglatogatott négyzetek szama szignifikansan magasabb volt, mint a
ndstényekeé, de a viselkedési mutatok egyéb szexualis kiilonbségei nem
voltak szignifikansak.

7.Sem az urbanizacids szint, sem az urbanizacid és a nemek kozotti
kolcsonhatas nem volt szignifikans.
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Introduction

Urbanisation reduces species richness, mainly in the densely populated
city centres, but urbanization effects have a considerable difference between
each taxonomic group (McKinney 2008). Arthropods are the most diversified
invertebrate group in the world (Foottit and Adler 2009). Global
environmental changes cause a biodiversity loss in altered habitats; therefore,
several indigenous arthropod species may become seriously threatened (Stork
2010). It is important to stress that the disappearance of these species from
their original habitats influence adversely the function of ecosystems
(Cardinale et al. 2012). Investigation of arthropod assemblages and their
interactions can provide a good opportunity to get an insight into urbanization
processes which may influence ecosystem structure and function (Gardnier
et al. 2013). Because of their relatively short generation times, arthropod
populations quickly respond to environmental changes; thus, they are suitable
indicators of the changing of biodiversity (Mclntyre 2000, Mclntyre et al.
2001).

Behavioural change is the first consequence of the environmental and
body alterations in many animals (Wong and Candolin 2015). It has an
important role to understand individual and social differences within a
population, and their connection with the environment (Sih et al. 2011,
Tuomainen et al. 2011, Gyuris et al. 2016). Previous studies highlighted that
individuals within a population show permanent behaviour across time and
space (Dall et al. 2004, Bergmiiller 2010). Consistent behaviour is also called
as personality which is influenced by many factors such as individual’s gene,
environmental events and interactions with other organisms (Réale et al.
2007). Individuals differ in their personality as some of them tend to be more
explorative, aggressive or bolder than the others (Sih et al. 2004). For better
understanding of behavioural correlations the number of animal behavioural
studies focused on personality (consistency in a single behaviour) and
behavioural syndromes (consistency between different behaviours) have
been increased during the past decades (Labaude et al. 2018).

Urbanization means selective forces acting on various reactions of urban-
associated species, including their behaviour. During the research isopods,
carabid and roove beetles were studied. Rural and urban individuals of a
forest specialist ground beetle, Carabus convexus were studied for their
exploratory and risk-taking behaviour. Also, exploratory and risk-taking
behaviour of rural and urban individuals of three forest-associated rove beetle
species were studied during their reproductive period.



Materials and methods
Sampling

Samples for each species were collected in the Nagyerdd Forest located
in and around the city of Debrecen city (Northeast Hungary). This area is
covered by Pannonic mesophile steppe oak forest (Convallario-Quercetum
roboris) (Torok és Tothmérész 2004).

There were samplings in spring, summer and autumn of 2018 for isopods.
In each season 45 individuals were collected. The field-collected woodlice
were kept separately in plastic box under the same temperate laboratory
conditions. Soil, woody debris, leaf and a piece of wet sponge were provided
in each plastic box. To keep it moist we spritzed fresh water in the plastic
boxes in every second day.

Ground beetles (Carabus convexus) and rove beetles (Abemus
chloropterus, Ocypus nitens, Platydracus fulvipes) were collected using live
pitfall traps. The location of the traps in sites were determined using a random
number table, but ensuring that traps were installed at least 10 m apart from
each other and at least 50 m from the nearest forest edge in order to avoid
edge effects. Traps were square plastic containers (170 mm long x 110 mm
wide x 105 mm deep) containing shredded leaves to reduce predation on
small, trapped arthropods by larger ones. Traps were covered with a
fiberboard to protect them from litter and rain.

During the study of the behaviour of isopods an experimental set 3
different stimulus types (drop, touch, squeeze) were used to induce tonic
immobility. As drop stimulus woodlice were elevated to 10 cm and dropped
back to the experimental tray similarly to birds or reptiles when they attack
and drop their prey representing low predation risk. To imitate arthropod
attacks by their mandibles woodlouse individuals were softly poked with the
pointed tip of forceps. Small mammal attacks with their paws were imitated
by squeeze stimulus pushing both sides of individuals with a pair of flat
forceps. Squeeze stimulus has the highest predation-risk among the stimulus
types, because the tight constrict significantly decrease the chance of
successful escape. Each stimulus type was repeated maximum five times
during an experimental set. When woodlice became entirely immobile (body,
antennas, legs were strained including conglobation) by stimulus type, they
were taken as responsive. If the fifth stimulus did not trigger a response,
individuals were determined as non-responsive. Duration of tonic immobility
from immobile posture until the first move of antennas or legs was also
measured.



In the laboratory experiment with carabids and rove beetles there were
standardized conditions. Individual beetles were left to rest for 2 h with access
to water but no food. After this resting period, beetles were individually tested.
First, we measured their activity in a novel environment, which is often
applied to assess exploratory behaviour. The novel environment consisted of
an open white plastic box, on the bottom of which 35 equal-sized squares
were marked. At the beginning of the test, the individual was placed in the
central square and was covered with a Petri dish to calm it down. As soon as
the beetle stopped moving around, the lid was lifted, and the behaviour was
recorded. We registered the number of squares crossed by the individual, the
covered distance, and the total amount of time spent in motion. We also
recorded the number of squares not adjacent to the wall that were crossed,
and the time when the individual reached the wall of the plastic box. Square
visit, covered distance, motion time, and wall time are commonly used as a
measure of activity level and exploration in invertebrates, while the inner
square visit is considered a parameter of both exploration and risk-
taking/boldness. After the novel environment test, we tested individuals for
their reaction to threats. To assess the repeatability of behavior, the tests were
repeated twice for each individual, with 24 h between the two occasions. T

Data analyses

During the statistical analyses R statistical packeges were used.
Behavioural consistency of the response variables within sets (time) and
between stimulus types was assessed by Spearman’s rank correlation
coefficient using ‘DescTools’ package (Signorell 2019). Generalized linear
mixed models (GLMMs) were used to test the effect of stimulus types (drop,
touch, squeeze) on activity behaviour

The effect of urbanization (non-urbanized vs. urbanized) on the
behavioural traits was tested with generalized linear mixed models (GLMMs)
using the Ime4 package. Fixed effects included urbanization level, sex of the
tested individual, as well as their interaction. In the models on behavioural
measures, trials were regarded as repeated measures, and the person
performing the test was added as random factor.

Kendall’s coefficient of concordance was used to investigate the
consistence of the behaviour of beetles. An agglomerative cluster analysis
was used to explore associations among the different behavioural measures
defining personality dimensions.



Result

Significant correlation was found between the two successive sets of the
relative frequency of tonic immobility triggered by drop and squeeze stimulus
types; the third run did not show significant repeatability. In contrast, the
duration of tonic immobility showed significant consistency over the three
stimulus types and sets. The results of GLMMs showed that tonic immobility
of A. vulgare individuals was triggered higher relative frequency by squeeze
than drop stimulus type, while touch stimulus type did not differ from the
others. Body length and sex as well as interactions between the experimental
variables were not entered into the model. Duration of tonic immobility was
longer period following the touch and squeeze, than after the drop stimulus
type. GLMM also showed that body length of A. vulgare could be an
important factor in the duration of tonic immobility, while sex and
interactions between experimental variables were not entered into the final
model. Spearman's rank correlation coefficient showed that body length and
sex were not significantly correlated with relative frequency of tonic
immobility. Duration of tonic immobility also showed no significant
relationship with individual’s sex, while significant positive correlation was
detected between the individual’s body length and the duration of tonic
immobility

During the reproduction period of C. convexus (from April to May) we
sampled 37 individuals in the studied habitats. All individuals had sharp or
minimally worn mandibles, indicating that they were overwintered
individuals in their first breeding season. Twenty-five individuals (15 females
and 10 males) were caught in the rural sites, while 12 beetles (7 females and
5 males) in the urban ones.

Significant Kendall’s coefficient of concordance indicated that beetles
responded consistently in the different contexts, meaning that beetles were
similarly ranked by all behavioural measures. C. convexus individuals
behaved consistently over time as all behavioural measures tested (square
visit, covered distance, motion time, inner square visit, wall time, fight
duration and fight distance) were significantly rank-consistent and/or showed
significant repeatability between the two successive trials. Based on the
agglomerative cluster analysis and the assessment of the average overall
silhouette width, the studied behavioural measures could be divided into two
group. The first group consisted of square visit, covered distance, motion time,
inner square visit, and wall time, and it can be considered to be the
exploratory dimension of the beetle personality. The second group included
fight duration and distance, and it can be linked to the risk-taking dimension
of the personality. Within each group, all behavioural measures were



significantly correlated with each other. Between the behaviour measures
belonging to the two different groups, none of the correlations were
significant.

Three behavioural measures of the exploratory dimension of beetle
personality showed similar patterns: square visit, covered distance, and
motion time of urban females were significantly higher than those of urban
males. In addition, urbanization level and sex were significant factors
explaining the covered distance and the motion time in C. convexus. The
other two measures of the exploratory dimension of beetle personality, inner
square visit and the wall time were not significantly different among sexes
living in habitats with different urbanization levels.

Regarding the risk-taking personality dimension, there were significant
differences in fight reaction between rural and urban females. Urban females
showed more risk-taking behaviour than rural ones, as the fight duration and
distance of urban females were significantly lower than those of rural females.
Furthermore, there was a significant difference in the fight reaction between
the rural females and urban males, urban males showing significantly shorter
fight distance than rural.

In the sampling period (from April to June 2020) 233 individuals of the
three studied rove beetle species were captured and tested. We collected 99
individuals (28 females and 71 males) from the rural sites, and 134 beetles
(23 females and 111 males) from the urban ones. There were few urban
females caught of O. nitens and P. fulvipes.

The results indicate that the studied rove beetles responded consistently
in the different behavioural tests. The number of squares visited was
significantly rank-consistent and/or was significantly repeatable between the
two consecutive trials for all three species. The behaviour of rove beetles
measured by the number of inner squares visited. The time to wall was
significantly rank-consistent and repeatable for A. chloropterus and P.
fulvipes, while escape duration and distance was consistent over time only for
O. nitens. The studied behavioral measures could be divided into two groups
for all studied rove beetle species by agglomerative cluster analysis. The
number of squares visited, the number of inner squares visited, and the time
to wall were clustered into the first group, representing the exploratory
dimension of beetles’ personality. The escape duration and the escape
distance formed the second group, which can be considered as the risk-taking
dimension of the beetles’ personality.



Conclusion

To increase their survival success preys use a variety of anti-predatory
strategies against the aggressor. Tonic immobility is one of the most
frequently studied anti-predator strategy reflecting behavioural responses of
organisms. This study highlighted that features of tonic immobility could be
suitable predictors of animal personality as we found consistent repeatability
in studied behavioural traits of A. vulgare individuals. Nevertheless, due to
the repeatability loss of behavioural responses for the third run, we
recommended three replicates of experimental run during animal personality
tests to allow reliable conclusion. Our results also suggest that the predation
risk generated by predator’s stimulus type have significant effect on the anti-
predatory response. It seems that A. vulgare individuals are bolder if the
predation risk is low, while under high predation pressure the individuals
become shier. Moreover, our study also showed that body length of A. vulgare
individuals could be an important factor influencing the duration of tonic
immobility predicting that larger individuals are bolder than the smaller ones.
By contrast, similarity in responses of male and female individuals pointed
out that species living in aggregation can loss their behavioural dimorphism
to reduce the effects of selective predation. These findings predict that the
tonic immobility could be a useful indicator of predator pressure during
ethology and ecology studies. We suggest that ecologists should focus on the
following questions during behavioural studies to reveal which
environmental factors influence most the animal behaviour. Which
behavioural traits are used? Which abiotic (temperature, humidity) and biotic
(predation pressure, vegetation cover) factors drive the behavioural responses?
How different taxa respond to these factors? How can we use this knowledge
to follow and understand the environmental changes? We argue that
ecologists should adopt more mechanistic approaches to study the effects of
biotic and abiotic conditions on animal behaviour, and increase the
understanding of how behavioural changes indicate ecosystem functioning
and services.

Our findings demonstrated the existence of personalities in C. convexus.
Urbanization has considerable effects: the exploratory behaviour of females
and males depended on the urbanization level of the habitats. There was no
difference in female vs. male’s exploratory behaviour in the rural area. Urban
females were more exploratory than urban males. Increased exploratory
behaviour of urban females could be explained by the searching activity for
high quality food required to mature eggs, and by looking for favourable
microsites for oviposition. We found that urban females and males have more



risk-taking behaviour than rural females, indicating the adaptation to
urbanization-driven disturbance events and threats.

Our findings suggest that the activity, and exploratory behaviour of rove
beetles can be assessed consistently in a test arena by counting the number of
equally sized zones of the arena crossed by beetles, as well as by measuring
the time when the individuals reached the wall of the arena. Using these
behavioural measures we demonstrated the existence of personalities in
individuals from wild populations of three forest-associated rove beetle
species. Sex-related differences in the exploratory behaviour of O. nitens
could be explained by the generally higher activity of males, especially
during the breeding period. We found that urbanization (rural vs. urban) had
no significant effect on the exploratory behaviour of these rove beetles,
possibly because their good dispersal ability allows them to easily find
suitable microhabitats; thus, behavioural changes (being more exploratory)
would not deliver additional fitness benefits.
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