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body size may also occur in both sexes (McLain & Boro-
misa, 1987) or only in one sex (Juliano, 1985, Hanks et al., 
1996). Females show a higher fecundity with increasing 
body weight in most of insect taxa (Honek, 1993), so also 
males as well as the females do, can directly profit from 
choosing a bigger mate. Such preferences for a bigger sex 
or also assortative mating systems can be found in many 
taxa  as  smooth  newts  (Verrell,  1986)  field  crickets 
(Simmons, 1988), mormon crickets (Gwynne, 1981), bli-
ster beetles (Brown, 1990), leaf-cutter bees (Kim, 1997), 

SUMMARY
Female as well as male mate choice has already been recognized in many insects. The traits responsible for the 
mate choice in a striped stink bug (Graphosoma lineatum L.) are not yet explored. This works concentrates on few 
possible traits responsible for mate choice in a striped stink bug. For this analysis free living copulating individu-
als as well as the single ones were collected. On two different locations animals were collected and their body 
length, pronotum broadness and coloration were measured. No differences were found in all measured traits be-
tween copulating and control individuals, showing no preferences when choosing copulation partner. Results also 
show no evidence of assortative mating, referring to the body length and the pronotum broadness of both sexes. 
All three measured traits seem not to have an influence on the mate choice of both sexes. Further experimental 
testing is needed to fully excluded importance of body size and coloration in mate choice of a striped stink bug.
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INTRODUCTION
UVOD

Mate choice is a common strategy in animals, where in 
many species females exhibit a preference for male traits 
and thereby potentially influence the evolution of these tra-
its (Andersson & Simmons, 2006). This is also the case with 
insects where we find that different mate strategies have 
evolved, and that body size plays an important role in the 
mating success (Thornhill & Alcock, 1983). The effects of 
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wood frogs (Berven, 1981) and in some shield bug species, 
e.g. green stink bug (Capone, 1995). 

Not only body size but also other traits as colour may play 
an important role, like in southern green stink bug, where 
females prefer mating with orange males rather than with 
the green ones (Follett et al., 2007). In a ladybird bug not 
only the coloration or the body size but the combination of 
both traits affects the male mating success where males of 
different body sizes obtain a mating advantage according 
to the colour morph (Ueno et al., 1998).

There is some data available on vibratory signals as sex 
attractants for the striped stink bug (Graphosoma lineatum 
L.) (Gogala 2006) but other sexual traits which could influ-
ence a mate choice are not yet known as in some other well 
examined Pentatomidae species. In this species bigger fe-
males and smaller males show identical coloration that ma-
inly serves as a protection from diverse predators, signalling 
unpalatable prey (Veselý et al., 2006). Although this colo-
ration shows a high similarity between the individuals as 
between both sexes, some colour differences are identifia-
ble. Differences in coloration ranging from pale brownish/
orange with black striation to vivid red with black striation 
are assumed to have cryptic role as well as aposematic and 
change seasonally (Sillén-Tullberg et al., 2008, Johansen et 
al., 2010, Gamberale-Stille et al., 2010). This colour diffe-
rences as well as the body sizes of both sexes were used for 
this analysis. Therefore, the measurements of redness and 
the body size of the copulating animals were taken to pro-
vide us with some date on mate choice.

MATERIAL AND METHODS
MATERIJAL I METODE
Study organism: For this analysis only free living adults of 
stink bug Graphosoma lineatum (Linné, 1758) were used 

(Figure 1). The copulating individuals were collected at two 
different sites with similar size and vegetation. The mea-
surements were done outdoors and the individuals were 
released directly afterwards on the place of finding. Addi-
tionally as control group the single found individuals of 
both sexes close to the copulating groups were collected.

Measurements: Only the animals found on Apiaceae plants 
were used for measurements. The animals were collected 
and measured in the fields starting at 10 am. For 10 days 
measurements were repeated between 11th and 28th of June 
2007. 65 different copulation partners, 44 control females 
and 53 control males were measured. The sex from all ca-
ught individuals was determined. The body length and pro-
notum broadness were measured with Vernier caliper. Only 
copulating individuals were marked with numbered white 
stickers. It has been calculated that body length and pro-
notum broadness correlate positive with each other within 
both  sexes,  excluding possible measurements mistakes 
(Spearman’s rank correlation coefficient; female: N= 93, R= 
0.654406 p< 0.000001, male: N= 107, R= 0.297051, p< 
0.001). Colour of the shield was defined as red or orange. 
For that a paper colour scale was used with colours ranging 
from dark red to bright orange. 

Statistics: All calculations were done with Software: StatSoft 
Statistica 6.0. For a correlation between the body length and 
pronotum broadness of both sexes Spearman’s rank corre-
lation coefficient was used. The differences in the body len-
gth and pronotum broadness between copulating and con-
trol group of both sexes were tested with Mann-Whitney-Test. 
Colour differences were tested with Chi²-test, where found 
colour combination of copulating individuals have been 
tested with expected values calculated from the number of 
red and orange sexes within the whole population (N=201, 
number doesn’t contain recaptured individuals).

RESULTS
REZULTATI
Average body length between individuals found copulating 
and the control group shows no significant difference (Fi-
gure 2). This is the case for both sexes (female: Ncop=49, 
Ncont=44, U=971, p=0.41; male: Ncop=54, Ncont=53, 
U=1393, p=0.8110). The same was found for the broadness 
of the pronotum (Figure 3), where both sexes of copulating 
group show similar pronotum broadness as the control in-
dividuals (female: Ncop=49, Ncont=44, U=949.5, p=0.3196; 
male: Ncop=54, Ncont=53, U=1126, p=0.0547).

The copulating individuals did not show any correlation 
referring to the body length or pronotum broadness (body 
length: N=65, R=0.0592, p=0.6392; pronotum broadness: 
N=65, R=0.0424, p=0.7370). Figure 4 show that the copu-
lating partners were chosen randomly or because of some 
other traits and show no evidence of assortative mating.

Figure 1. Striped stink bug copulating (author: Linda Bjedov)
Slika 1. Prugasti smrdljivac u kopulaciji (autor: Linda Bjedov)
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The orange colour with 63% was the dominant coloration 
in both sexes of copulating and control group (Table 1). No 
difference in amount of colour morphs between copulating 
and  control  group  was  found  (Chi²=1.7239,  DF=3, 
p=0.6316). 

All four possible partner combinations were found and it 
seems that no preference for particular colour is present. 
There are more orange individuals copulating with each 
other and other three colour combinations have similar 
values (Figure 5). Considering that there are more orange 

Table 1. Numbers of copulating and single captured colour morphs. Table does not contain recaptured copulating animals.
Tablica 1. Broj različitih obojenosti kopulirajućih i nekopulirajućih jedinki. Podaci ne uključuju mjerenja ponovljenih kopulacija.

Sex/Spol Red/Crvena Orange/Narančasta Total/Ukupno
Copulation/Kopulacija Female/Ženka 20 29 49
Copulation/Kopulacija Male/Mužjak 17 38 55

Control/Kontrola Female/Ženka 21 23 44
Control/Kontrola Male/Mužjak 17 36 53

Total/Ukupno 75 126 201

Figure 2: Average body length ± SD of animals caught copulating (white bars) and the control animals (black bars) of both sexes. The copulat-
ing bars do not contain any values from recaptured animals.
Slika 2: Prosječna duljina tijela ± SD ulovljenih kopulirajućih životinja (bijeli stupci) i kontrolnih životinja (crni stupci) za oba spola. Stupci kopulirajućih 
životinja ne sadrže vrijednosti ponovno ulovljenih životinja.

Figure 3: Average pronotum broadness ± SD of animals caught copulating (white bars) and the control animals (black bars) of both sexes. The 
copulating bars do not contain any values from recaptured animals.
Slika 3: Prosječna širina pronotuma ± SD ulovljenih kopulirajućih životinja (bijeli stupci) i kontrolnih životinja (crni stupci) za oba spola. Stupci kopulirajućih 
životinja ne sadrže vrijednosti ponovno ulovljenih životinja.
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Figure 4: Correlation between the body size (A) and pronotum size (B) of copulating animals. Data does not contain points of repeated copula-
tions (same female copulating second or more times with same male).
Slika 4: Korelacija duljine tijela (A) i širine pronotuma (B) kopulirajućih životinja. Podaci ne uključuju ponovljene kopulacije (parenja istih ženki i mužjaka dva 
ili više puta)

Figure 5: Absolute values of four copulation colour combination. Total number of all copulating colour combinations is 66 and contains only 1 re-
peated copulation. 
Slika 5: Apsolutne vrijednosti četiri mogućih kombinacija obojenosti kopulirajućih jedinki. Ukupan broj svih kombinacija obojenosti kopulirajućih jedinki 
iznosi 66 i sadrži samo jednu ponovljenu kopulaciju. 
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individuals in the population, there is no evidence for pref-
erence of one colour in copulating group (Chi²=3.8853, 
DF=3, p=0.2741).

DISCUSSION
RASPRAVA
This study shows that body length as well as the pronotum 
broadness seems not to have any effect on the mate choice 
in a striped stink bug. The females and males that were ca-
ught copulating do not differ in their body size from the 
control animals. Although body length seems to have no 
effect, the pronotum of copulating males appears to be sli-
ghtly larger. The low p value (Ncop=54, Ncont=53, U=1126, 
p=0.0547) could be interpreted as a tendency for higher 
mating success in males with bigger pronotum. In this case 
an experimental approach would provide us with more in-
formation such as how strongly the environmental stimuli 
decrease the selective force of choosing sex for this trait. 

In a green stink bug it was found that not only female pre-
ference for bigger males but also a mutual choice appears 
to  lead  to  assortative mating  (Capone,  1995).  For  our 
analysis no evidence for assortative mating referring to the 
body length or pronotum broadness could have been con-
firmed. 

In one of Pentatomidae species (southern green stink bug, 
Nezara viridula) female preference depends on the colora-
tion of the male (Follett et al., 2007). In our case coloration 
data shows that this is not the case. The copulating partner 
is most likely not chosen dependent on its coloration. The 
number of copulation combinations is proportional to the 
number of colour morphs in the whole population. The 
difference between orange and red morphs is most proba-
bly present due to some other causes and seems to have no 
influence on mate choice. It seems that this coloration is 
mostly aposematic and/or cryptic (Sillén-Tullberg et al., 
2008, Johansen et al., 2010, Gamberale-Stille et al., 2010). 
Still the coloration shouldn’t be ruled out cause aposematic 
role of coloration can also be used for sexual signaling 
(Finkbeiner et al. 2014, Rojas et.al., 2018). 

This analysis has provided us with data showing that mate 
choice in striped stink bug considering both sexes is inde-
pendent of body length, pronotum broadness and different 
coloration. In some Pentatomidae species there are also 
other traits that influence the mate choice. Such example is 
a green stink bug with complex mate recognition systems, 
where localization of a sexual partner is based on acoustical 
signals such as male courtship song and female calling song 
(Miklas et al., 2003). As in the case of red-shouldered stink 
bug where the pheromones are produced from the male to 
attract the females and not the other way around (McBrien 
et al., 2002), the pheromones may also play an important 

role in the striped stink bug. Although such traits as phe-
romones or vibratory signals are possible, importance of 
the body size and coloration in Graphosoma lineatum requ-
ires some further experimental testing to be excluded as 
having no importance in mate choice.
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SAŽETAK
Odabir partnera od strane ženke, kao i mužjaka, već je prepoznat kod mnogih kukaca. Evoluirale su 
različite strategije odabira partnera na temelju veličine tijela i zabilježene su kod mnogih vrsta kukaca, 
uključujući i neke smrdibube (Hemiptera: Pentatomidae). Osim veličine tijela kod kukaca je zabilježen 
i utjecaj obojenosti na odabir partnera. Osobine odgovorne za odabir partnera prugastog smrdljivca 
(Graphosoma lineatum L.) nisu detaljno istražene. Ovaj se rad usredotočuje na utjecaj veličine tijela i 
obojenosti oba spola kod odabira partnera prugastog smrdljivca. Ukupno 10 dana su na dvije lokacije 
prikupljane kopulirajuće jedinke, kao i slobodne (nekopulirajuće) jedinke. Životinjama je determin-
iran spol, izmjerena duljina tijela, širina pronotuma i zabilježena boja. Jedinke u kopulaciji su broje-
vno označene u svrhu izuzimanja iz analize podatke ponovljenih parenja. Podaci uključuju ukupno 
65 različitih kopulacijskih kombinacija, 44 jedinki kontrolnih ženki i 53 kontrolna mužjaka. Za sve tri 
mjerene osobine nisu pronađene  statistički  značajne  razlike  između kopulirajućih  i  kontrolnih 
(nekopulirajućih) jedinki, što ukazuje da ne utječu na preferencije prilikom odabira partnera. Rezul-
tati također ne pokazuju dokaze asortativnog parenja, barem što se tiče duljine tijela i širine prono-
tuma. Kod oba spola čini se da sve tri mjerene osobine nemaju utjecaja na izbor partnera. Unatoč do-
bivenom, potrebna su daljnja ispitivanja kako bi se u potpunosti isključila važnost veličine tijela i boje 
u odabiru partnera prugastog smrdljivca, kao i ispitivanja vezana uz mogući utjecaj kemijskih i vi-
bracijskih signala.
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