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Abstract. The field cricket Gryllus campestris used to be very common throughout Europe, but in recent 
decades its population has declined. We study ecology and behavior of crickets near the Odolanów, Poland, 
between 2009 - 2011, with emphasis on the effects of grazing of cattle and horses on insects population. We 
compared the number of burrows per square meter on both grazed and non-grazed areas and examined the 
size of the arena in front of the burrow. We hypothesized that juvenile crickets would have smaller arenas in 
front of the burrows compared to adults. We also hypothesized that crickets would prefer burrows with 
entrances facing southwards. We found that: (1) the number of burrows in area grazed by cattle and horses 
was higher compared to non-grazed areas; (2) there was the interindividual variation in arena size in front of 
the burrows, with adult insects having bigger arenas in comparison to the arenas of the young; (3) there was 
diversity in geographical direction of the burrow entrance with the south being the preferred one. We 
propose that grazing may have a positive impact on biodiversity of meadows biocenosis and is important for 
the protection of the field cricket populations. 
 

 

Key words: Gryllus campestris, behaviour, arena, burrow, biodiversity, farmland. 
 

 
Introduction 
 
The field cricket Gryllus campestris used to be very 
common throughout Europe in farmland (Honeg-
ger 1981, Lobhart 1999, Scheuber et al. 2003, Jacot 
et al. 2005, Rillich et al. 2009, Zuk 2010). However, 
during recent decades population of cricket shows 
serious decline in many parts of its geographical 
distribution. It is endangered in many parts of 
Central and Northern Europe (Hochkirch et al. 
2007), especially in Belgium (Decleer et al. 2000), 
Denmark (http://redlist.dmu.dk 2006), Germany 
(Ingrisch et al. 1997), Lithuania (Budrys et al. 
2007), Luxembourg (Proess & Meyer 2003), Neth-
erlands (Kleukers et al. 1997), UK (Pearce-Kelly et 
al. 1998) and Poland (Głowaciński & Nowacki 
2004). Thus, not surprisingly, it is on the National 
Red List of threatened taxa. The main reason for 
this dramatic decline in the population in a field 
cricket seems to be change in size of habitats, often 
a result of the intensification of agriculture. 

A field cricket lives in dry, oligotrophic habi-
tats, like heathland and dry grassland with a vari-
able microclimate. One of the factors changing the 
microclimate and food sources can be grazing of 
animals like horses, cattle and sheep (Rada et al. 
2014). Changes in the environment resulting from 

grazing animals, may be similar to those, which 
are a consequence of mechanical mowing (Gar-
diner & Hill 2006). This may contribute to a de-
crease crickets’ populations, as well as their dis-
placement from the natural habitats by humans. 

Making burrows is a common behaviour 
among insects like: ants (Tschinkel 1987, Mik-
heyev & Tschinkel 2004, Tschinkel 2004,), wasps 
(Brockmann 1979), bees (Packer & Knerer 1986) 
and crickets (How-Jing & Loher 1996, Holzer et al. 
2003, Ritz & Köchler 2007). Many species of the 
genus Gryllus, dig burrows by themselves, or use 
naturally-occurring gaps and slots as a shelter 
(Huber et al. 1989, Endo 2007, Endo 2008). Bur-
rows are not only used as a shelter from predators 
like birds or lizards, but also for seasonal mating 
and oviposition, as well as calling sites and place 
for hibernation (Turcek 1967, Hack 1997, Rodri-
guez-Muñoz et al. 2010, Bretman et al. 2011). They 
are also suitable places for eggs development, due 
to the constant, humid environment of the bur-
rows (How-Jing & Loher 1996). To build the bur-
rows crickets developed a variable adaptation to 
digging, e.g. mole crickets use their transformed 
forelegs (Bennet-Clark 1970), while crickets with-
out special tools, use their mouthparts to bite off 
the soil or remove it with hindlegs (How-Jing & 
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Loher 1996). Moreover, the area in front of the 
burrow, cleared of vegetation and sometimes cov-
ered with sand, called the arena, is used by adult 
male to produce mating calls to attract females 
(Zippeus, 1949, Holzer et al. 2003). Mating calls are 
generated by rubbing the wing together, using 
specialized regions in their forewings (Ewig 1989, 
Scheuber et al. 2003, Kostarakos et al. 2009). Be-
sides using the arena as a calling site, crickets per-
form many other activities there, such as food 
provision, removal of faeces, fighting for females, 
or territory, and copulation (Bretman et al. 2011). 
Despite the fact that an arena plays such an impor-
tant role in crickets’ life, interindividual differ-
ences in its construction are very poorly studied.  

It is well known that livestock grazing can af-
fect the biocenosis and the degree of its influence 
depends on types of grazing and trampling inten-
sity on vegetation (Etienne 2005, Dumont et al. 
2009, Metera et al. 2010). Therefore, the first goal 
of this research is to describe population density 
based on the number of burrows per square meter 
(Sutherland, 1996) both on grazed and non-grazed 
areas, and on the basis of the obtained data, define 
the impact of the farm animals (cattle and horses) 
grazing on the density of field crickets population. 
Additionally, this approach allow us to compare 
the population density with other populations and 
will be therefore a good indicator of the popula-
tion quality. The density of burrows strongly cor-
relates with the population size, which may be 
used as a proxy as it influenced by the digging ac-
tivity of crickets. The second aim of this paper is to 
focus on age differences, studding the variation in 
size of arenas between juveniles and adults indi-
viduals in a wild population of the field cricket. 
We hypothesize that juvenile crickets have smaller 
arenas compared to adult insects. Finally, we in-
tend to find out if field crickets prefer to build en-
trances in the burrows and arenas in a specific 
geographical direction. It was demonstrated that 
most of both young and adult Gryllus bimaculatus 
crickets prefer sunny and warm places, where 
they performed the highest physical activity (Rem-
mert 1985). It is also widely known that the insola-
tion is the highest in the southern direction. How-
ever, we intended to verify this finding in the 
population of field crickets in Poland, where dif-
ferent insolations and latitudes are present. We 
hypothesize that crickets prefer burrows with an 
entrance to the south. 

 
 

Materials and Methods 
 
Life cycle of crickets 
Every year, before first ground frost, penultimate instar 
nymphs of Gryllus campestris dig burrows into the soil 
and hibernate there until late April and early May (Köch-
ler & Reinghardt 1992, Hahn & Lorch 2005). When 
nymphs emerge they continue their development until fi-
nal molt, and start the reproductive season. During this 
season, males and females mate, often with different 
partners, and lay hundreds of eggs into the soil around 
May and June (Rost & Honegger 1987, Rodriguez- Muñoz 
et al. 2010). After mating, males associate with their 
mates, perform the so called guarding behavior (Sakaluk 
1991, Alcoc 1994) and after copulation the sexual partner 
stay on the males’ arena. As males never share their terri-
tory and a burrow, they are frequently fighting for a bur-
row. In late summer, adult crickets die, and the only ones 
left are nymphs, which reproduce in the next summer.  

 
Study site 
The studies took place between April 1st and June 10th 
2009 and 2011, near the town of Odolanów, Poland 
(51°34’N, 17°40’E, elevation 110 - 170 m). This area is 
characterized by intensively farmed land, with a varied 
mosaic of arable fields, meadows, small woodlots and 
scattered trees and shrubs of different ages. It contains 
both dry and moist areas (for details see Antczak et al. 
2004, Ekner et al. 2008). Individuals captured for this 
study came from areas approximately 10 km away from 
each other. Thus, we believe that the effect of crickets mi-
gration have no influence on our results, especially on 
population size (Witzenberger & Hochkirch 2008). 

 
Data collection 
The study sites were visited once a day because crickets 
G. campestris are most active in the daytime (Alexander & 
Meral 1967, Ritz & Köchler 2007). Data sampling lasted 
from 3 to 4 hours at each study site, depending on popu-
lation size and weather conditions. Research activities in-
cluded: searching for burrows, rouse crickets from bur-
rows, determination of life stadium of every individual, 
and taking photos of individuals and areas in front of the 
burrows. Habitats were divided into two main categories: 
(1) meadows and other habitats without domestic animals 
grazing, or non-grazed habitats (286 squares), and (2) ar-
eas grazed by cattle and horses, or grazed habitats (41 
squares). To investigate burrow density, we randomly se-
lected study plots of one square meter size, and the num-
ber of burrows on each square was counted (Sutherland 
1996). Because of the activity of domestic animals and 
pasture owners more detailed data on burrows were col-
lected in non-grazed habitats. In order to avoid to the re-
investigation of already researched burrows a marking 
code was used. Geographical direction of the entrance to 
the burrow was determined using a compass and was di-
vided into eight main directions: South (S), South East 
(SE), South West (SW), West (W), North (N), North East 
(NE), North West (NW), and East (E). 
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Figure 1.  Examples of arena in front of the cricket burrows. 
 

 

In order to locate burrows the ground was carefully 
searched. The crickets were luring out from their burrows 
using blade of grass (Ritz & Köchler 2007). Immediately 
after the cricket had left the burrow, it was caught in front 
of its burrow and photographed. Photos were individu-
ally calibrated in the computer program Image J (NIH, 
USA), which allowed precise measurements. Life stadium 
determination was based on the presence of completely 
developed forewings, and individuals were released to 
burrows. Finally, photos of each arena in front of the bur-
row, with a number corresponding to the number of 
cricket lured out from it, were taken (Fig. 1). The geo-
graphical direction of a burrow entrance was assessed. 
All examined burrows were marked using a stick placed 
in the ground behind the entrance of the burrow. 

 
Data analysis 
Photos of arenas were analyzed using Image J program 
(NIH, USA) and their sizes were measured (Abràmoff et 
al. 2004, Stevens et al. 2009). We assumed that an arena 
has a shape of an ellipse. The arena was measured accord-
ing to formula of the area enclosed by an ellipse which is 
equal to π*a*b, where “a” and “b” are one-half of the el-
lipse's major and minor axes respectively. 

The data regarding geographical orientations was 
analyzed and presented using the ORIANA software 
(RockWere, Golden, USA) (Kovach 2009). Rayleigh’s Uni-
formity Test was used to calculate the probability of the 
null hypothesis that the data is distributed in a uniform 
manner. The Z value was calculated simply as Z = nr2, 
where “n” is the number of observations and “r” is the 
length of the mean vector. A longer mean vector (and the 
resulting larger value of “Z”) means a greater concentra-
tion of the data around the mean, and thus less likelihood 
of the data being uniformly distributed. A probability less 
than chosen significance level (in our case = 0.05) indi-
cates that the data are not distributed uniformly and that 
they show evidence of a preferred direction.  

The data on density and arena size were analyzed us-
ing SPSS 18 PL (New York, USA) and the results are pre-
sented as mean values ± 1 standard error of the mean 
(SEM). 

Results 
 
Population density 
During the study, 327 squares of ground were in-
vestigated, both in grazed and non-grazed areas. 
The burrows were variously aggregated. Burrows 
density in 1 m squares ranged from 0 – 21 (grazed 
areas) and from 0 – 9 (non-grazed areas) (Fig. 2). 

We have found that the number of burrows in 
grazed areas (Fig. 2B) was significantly higher 
compared to non-grazed (Fig. 2A) areas, with 
means of 8.2 ± 6.4 vs. 1.6 ± 1.4, respectively, n = 41 
and n = 286, respectively; Mann-Whitney U-test, z 
= - 7.037, p < 0.0001. 
 
Differences in size of arenas  
in front of the burrows 
Animals were randomly captured and sexed. Out 
of 75 individuals captured there were 25 females 
(13 juvenile and 12 adults) and 50 males (36 juve-
nile and 14 adults). The size of male arena ranged 
from 384 - 8560 mm2 (Fig. 3). There was a signifi-
cant difference in arena size between young and 
adult male crickets, with adult insects having big-
ger arenas compared to young insects, with means 
of 2431 ± 186 mm2 (n=14) vs. means of 1778 ± 172 
mm2 (n=36), respectively; t-test, t = - 2.052, df = 68, 
p = 0.044; Fig. 3 A vs. B. 
 
Geographical directions of crickets’  
burrow entrances 
Both burrows, where luring out and where no lur-
ing out cricket were performed  were taken into 
account for statistical analysis of the geographical 
direction of crickets’ burrow entrance. The crickets 
usually entered the burrows from the south direc-
tion, with estimated mean vector SSW (μ 161.503),  
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which significantly differs from random distribu-
tion (Rayleigh Test Z = 23,536, p < 0.00001); Fig. 4. 
 
 
Discussion 
 
According to our best knowledge this is the first 
study to show interindividual variations in arena 
size in front of the burrow of in G. campestris. We 

have found that the size in front of the burrow, the 
so called arena, depends upon the stadium of in-
dividuals. We have also found that local popula-
tion density of crickets was almost 6 times higher 
in areas grazed by cattle and horses compared to 
non-grazed areas. Studies of livestock effects like 
grazing on arthropods can be various (Batáry et al. 
2007, Braschler et al. 2009, Holmquist et al. 2010). 
Our finding may be explained by the fact that  

Figure 3. Distribution of male arena 
size (mm2) in adults (A) and ju-
venile (B) in the local cricket 
population. 

Figure 2. Distribution of the 
number of cricket burrow per 1 
square meter in the study area, 
in (A) non-grazed meadows 
and other habitats (n = 286 
squares), and (B) pastures with 
domestic animals grazing (n = 
41 squares). 
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Figre 4. Geographical distribution of burrow entrances in 

the local filed cricket population (n = 173). Bars repre-
sent number of burrows in each geographical direction. 

 
 
grazing animals improve environmental condi-
tions essential for the live of crickets (Hahn & 
Lohn 2005, Jerrentrup et al. 2014). In the meadows 
and grasslands, low plants provide bare ground 
exposed to sunlight, and the degree of shading is 
low (Grime & Jeffrey 1965) and thus provide bet-
ter heating for the ground on which the crickets 
dwell. This situation is especially beneficial to 
adult crickets. In contrast to the larvae, they are 
not able to climb grass or other small plants, and 
are forced to search other possibility of basking 
and they need open spots or stones (Remmert 
1985). Many studies have shown negative effects 
of grazing on insects (e.g. Willot 1997, Gardiner & 
Hassall 2009, Branson et al. 2014). It was found 
that low grass makes insects more vulnerable to 
overheating and simultaneous desiccation, which 
occurs due to changes in microclimate, especially 
an increase in temperature and insolation degree. 
In addition food-limited competition between in-
sects and vertebrates led to reduced survival, fe-
mur length, and functional ovarioles in grasshop-
pers. But this concerns mainly larger insects, such 
as grasshoppers (e.g. Chorthippus albomarginatus, 
Chorthippus parallelus), whose physiological traits 
prevents rapid heat transfer from the body and 
reduce high body temperature (Willot 1997). Ad-
ditionally, when vegetation is shortened, sound 
producing by male crickets can be better heard in 
farther distance (Wiley & Richards 1978), which is 
important in communication between crickets in 
population. Bock et al. (2006), similar to our find-

ings, demonstrated positive effect of grazing on 
orthopterans. Grazing has a positive effect not 
only on small animals like insects but also on 
birds, as a result of creation of a habitat structure 
optimum for them, reducing pressure of small 
predators on nests (Mazurek 2002, Mazurek 2003, 
Metera et al. 2010). However, in case of small 
mammals, it was shown that meadow manage-
ment such as grazing in general reduce mammal 
species richness (Bejcek & Stastny 1996, Schmidt & 
Olsen 2003).  

It is important to note that in our current 
study only 41 squares sites in grazed areas (com-
pare to 286 non-grazed areas) were investigated. It 
was due to the fact that areas with grazing animals 
were more difficult to investigate. Many meadows 
owners did not allow entries into their private 
properties, or entrance on some areas became 
dangerous due to the risk of getting attacked by 
the animals.  

We have also found that burrow density 
ranged from 0 to 21 per square meter. This diver-
sity is likely due to the fact that the habitat was not 
homogenous in terms of vegetation and soil. 
Moreover, we have revealed that both juvenile 
and adult crickets preferred resident burrow with 
south-facing entrance. This finding could be re-
lated to highest insolation and hence highest tem-
perature, which is preferred by crickets (Remmert 
1985), compared to others geographical directions. 
In this scenario, in order to get warm individuals 
stay in a safe arena in front of the burrows and do 
not expose themselves far from burrow entrance 
to prevent potential attack by predators. This way, 
in case a predator attacks, crickets will be very 
close to the entrance of their burrows and could 
quickly hide in a safe refuge.  

We have also confirmed our hypothesis that 
adult crickets have larger arenas than their juve-
nile counterparts. This difference is most likely 
explained by the fact that with the ongoing vege-
tation season, the arenas in front of the burrows 
enlarge due to continuous fretting the plants, far-
ther away from the burrow entrance. Adult insects 
had more time to make bigger arenas and had 
bigger and stronger mandibles, which make fret-
ting more easily for them. Another explanation 
could be related to the size of arena surface, which 
correlate with the mating season. Environmental 
conditions, like vegetation and its density, can af-
fect the sound transmission and detection (Endler 
1992, Forrest 1994), which are crucial for success-
ful matings. Therefore, the burrow location and 
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size of the arena seem to be very important in in-
ter-individual communication in population. As 
one of the reproductive strategies used by adult 
males is to attract females by their calling songs in 
front of the burrow (French & Cade 1987, French 
& Cade 1989, Cade a& Salzar Cade 1991), it is cru-
cial for males to be heard. The distance over which 
acoustic signals can carry information depends on 
the amplitude and structure of the sound at the 
source, by the receiver’s detective mechanism and 
characteristics of the medium and its boundaries 
(Forrest 1994). In heterogeneous environments, 
sound deriving from source to receiver is a signal 
in the form of scattered sound, and is highly de-
graded (Forrest 1994). Thus, sound producing by 
males is less damped when the arena is larger, be-
cause grass and herbaceous plants, which can dis-
rupt sound radiation, are removed. In such condi-
tions females which are more distant from males 
are able to hear and find their mates on the popu-
lation area. However, being the owner of big arena 
is not always good for crickets. Among grass and 
plants cover population area, bare ground is much 
more visible for predators, such as birds. In the 
study area the grey great shrike Lanius excubitor 
which have great predatory pressure on crickets 
were found in maximum densities (Tryjanowski & 
Hromada 2005).   

Size, weight and age, are positively correlated 
with strength, aggressiveness, dominance, mate 
signaling and mating success in crickets (Simmons 
1988, Simmons 1994, Brown et al. 1996). It is also 
well known that adult crickets of the species Gryl-
lus campestris and Anurogryllus muticus change 
burrows over the season and thus dominate the 
arenas repeatedly (How-Jing & Loher 1996, Ritz & 
Köchler 2007). Young individuals are smaller and 
lighter compared to adults (Bertram 2000, Bate-
man et al. 2001), and it was found that dominance 
is related to size (Dixon & Cade 1986, Simmons 
1994). Moreover, young males avoid competition 
and do not have experience in fights. Thus, an-
other explanation why adult crickets have bigger 
arenas than juveniles ones is that individuals who 
underwent their last moult earlier, which have 
smaller and thus worse arenas, rout out juvenile 
ones from their burrows with better arenas, and 
occupy them. 

In summary, our results indicate significant 
relationship between livestock grazing and popu-
lation structure of crickets. Animals, such as 
horses and cows, shorten the grass and plants, 
mush the turf and this actions positively affect the 

field crickets’ population density. Shortening of 
the vegetation by animals results in the improve-
ment in environmental conditions on the ground, 
which is important for insect living there. Weak-
ened plants may also be more available as food for 
crickets and other herbivorous insect. Thus, we 
speculate that the usage of traditional grazing may 
have a positive impact on biodiversity of mead-
ows and may be an important factor in protecting 
populations of field cricket in farmland areas. 
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