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BEHAVIOURAL ELEMENTS INFLUENCING MATING SUCCESS OF
SYMMORPHUS ALLOBROGUS (HYMENOPTERA: EUMENINAE)
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Abstract. Elements of the predatory wasp Symmorphus allobrogus mating behaviour are described,
their influence on mating success is assessed based on laboratory observations. The analysis revealed
that in the premounting phase activities of males, abdomen extension and substrate antennation, in
particular, play a decisive role in predetermining mating success. In the precopulatory phase, activities
of both sexes are nearly equal in importance. Struggle of female individuals negatively affects mating
success, while their shaking increases the likelihood of copulation. Antennation and stroking of the
abdomen are the most important elements of male behaviour, stimulating copulation. In the copulatory
phase of mating visible activities of males have little influence on the duration of copulation, whilst
shaking and struggle of females induce an earlier termination of it.
Key words: mating behaviour, mating success, predatory wasp, Symmorphus allobrogus, Eumeninae,
Vespidae

INTRODUCTION

The behaviour of animals before, during and after copu-
lation has recently experienced a renaissance of inter-
est. Studies of mating behaviour provide explanations
for the diversity and evolution of mating systems (Emlen
& Oring 1977; Thornhill & Alcock 1983; Arnqvist &
Nilsson 2000), patterns of mate guarding and sperm
competition (Parker 1970; Alcock 1994), adaptations
of copulatory mechanisms in groups of closely relative
species (Boake & Hoikkala 1995; Markow et al. 1996;
Eberhard 2001; Boughman 2002; Miller 2003), or even
can give a taxonomic tool for species diagnosis in Hy-
menoptera (Abeelluck & Walter 1997).
The likelihood of copulation is the result of various in-
teracting factors, including the female reproductive sta-
tus (Ringo 1996; Sauter & Brown 2001; Wedell et al.
2002), male courtship behaviour (Jachmann & van den
Assem 1996; McClintock & Uetz 1996) and male choice
(Van Dongen et al. 1998; Bonduriansky 2001; Reinhold
et al. 2002), female responses to courtship and female
choice (Thornhill 1983; Qvarnström & Forsgren 1998;
Edvardsson & Arnqvist 2000), as well as mutual mate
choice (Cunningham & Birkhead 1998).
The reproductive behaviour of aculeate Hymenoptera
is the product of selection for the ability of males to
compete with one another for access to females and to
locate sites in which to search or wait for potential mates

(Alcock 1978; Batra 1978; Cowan 1991). Within
Eumeninae, male mating behaviour is associated with
spatial distribution and mating frequency of females
(Smith & Alcock 1980). Females of most species are
monandrous, therefore males are under selection pres-
sure to be the first in reaching the virgin female, and
they use combinations of visual, tactile and olfactory
cues (Alcock et al. 1978; Eickwort & Ginsberg 1980;
Shimron & Hefetz 1985). Within the order Hy-
menoptera, factors favouring male choosiness are not
clear (Bonduriansky 2001). In Vespidae, the evidence
of the use of male pheromones to attract females is lack-
ing, whilst female close-range or contact pheromones
that may be involved in the recognition of conspecifics
have been found in some species (Ayasse et al. 2001).
In laboratory conditions the main phases of sexual
behaviour and mating behavioural elements of various
Eumeninae species may differ considerably (Cowan
1986; Budrienë 2001), providing ethological characters
for evolutionary comparisons. However, to authors�
knowledge, the effect of eumenine wasp behavioural
elements on their mating success has not been studied
in detail yet.
The objectives of the present study were as follows: (1)
to establish and describe mating behavioural elements
of Symmorphus allobrogus (Saussure) (Hymenoptera:
Vespidae: Eumeninae), and (2) to ascertain which of
these elements predetermine mating success.
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MATERIAL AND METHODS

The material for the laboratory observations was ob-
tained in 1997�2002 in the locality Varnupys, at an old
wooden building with numerous holes of xylophagous
beetles, used as nesting cavities by the natural
S. allobrogus population, the estimated size of which
was 155�186 specimens (Budrys et al. 2004). Part of
this wasp population nested in artificial reed trap-nests
(Budrienë 2003).
Reed stem fragments from trap-nests with completed
wasp nests were taken to the laboratory for further re-
search several times per season. For mating observa-
tions in the laboratory, wasps were reared in April�June
of the next year from the trap-nests that have hibernated
in the laboratory. Males and females were kept indi-
vidually or in groups of one sex in plastic cages (6 cm in
height, 5 cm in diameter) or glass vials (20 cm in length,
2.5 cm in diameter) at room temperature (20�26°C),
and fed with honey solution and water.
Mating was observed in the arena 22 cm in diameter,
under a bell-glass 22 cm in height, surrounded by white
paper on all sides, except that of the observer, and placed
in a thermostat, at 28°C. It was exposed to daylight,
with additional artificial illumination provided by two
25 W bulbs at a distance of 30 cm from the arena. A
single virgin female was placed into the arena under the
bell-glass. The cage with a single male was situated near
the latter for the one-minute acclimation period. After
that, the male was let into the arena, and the pair was
observed for about 30 minutes, or, if mounting took
place, until dismounting of the male.
We used the following terms with reference to mating
phases. The �premounting phase� refers to the period
following the start of the observation until the male
mounts the female. The �mounting phase� refers to the
period starting from the male�s mounting until the ter-
mination of mounting by the female or the male after

copulation or without it. The �precopulatory phase� (also
called �courtship�) refers to the part of the mounting
phase before the female intromitting. �Copulation� re-
fers to the events after the female intromitting until the
extraction of male genitalia. We classified the observed
actions into fifteen mating behavioural elements, nine
of which were characteristic of both sexes, four � of
males and two � of females only (Table 1).
We quantified behavioural elements as independent vari-
ables, using their frequency: the number of recorded
actions divided by the duration (in minutes) of the cor-
responding mating phase, or by the duration of the whole
observation, if mounting did not take place. Mating suc-
cess as a dependent variable was assessed according to
the presence/absence of mounting (for the premounting
phase elements), presence/absence of copulation (for the
precopulatory phase elements), and duration of copula-
tion (for the copulation phase elements).
The distribution of frequencies of behavioural elements
was far from normal and could not be normalised, be-
cause in part of mating observations the elements did
not occur at all, many of them being absent from more
than 50% of mating observations (their frequency me-
dian was 0). Therefore, we analysed the dependence of
mating success on behavioural elements of the
premounting and precopulatory phases using non-para-
metric Kendall Tau correlation. The effect of elements
in their interaction was assessed using logistic regres-
sion. We compared the frequency of elements in suc-
cessful and unsuccessful mating using the Mann-
Whitney U test. The impact of the interaction of
behavioural elements of the copulation phase on mating
success was assessed using multiple regression (dura-
tion of copulation as a dependent variable). We used
the backward stepwise procedure for the selection of
parameters in the models of logistic and multiple re-
gression. Statistical analysis was performed using the
computer program StatSoft Statistica, release 6.0.

Table 1. Mating behavioural elements of the solitary wasp Symmorphus allobrogus: definitions and average frequency. For
elements of the premounting phase, N = 904, for those of the precopulatory phase, N = 606, for the copulatory phase N = 444.

Behavioural Definition Acting sex Mating phase and frequency
element (actions/min., mean ±SE)
aggression sharp moving towards the partner with both premounting: female 0.065 ± 0.006,

opened mandibles, sometimes followed male 0.0017 ± 0.0004
by biting

alert posture motionless position with antennae both premounting: female 0.029 ± 0.002,
straightened forward to the sides and male 0.0023 ± 0.0005
raising of the anterior part of mesosoma
on hind and middle legs, hooked forelegs
dangling in the air
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Table 1 continued

approach walking or flying towards the partner both premounting: female 0.074 ± 0.005,
male 0.124 ± 0.008

abdomen lifting and telescopic stretching out of both premounting: female 0.0003 ± 0.0002,
extending the metasoma over the substrate male 0.011 ± 0.001

horizontally followed by the extension
of genitalia

falling abandoning of the typical male-above male copulation: 0.36 ± 0.03
backwards mating position during copulation by

releasing leg-hold, falling backwards and
hanging behind the female by the genitalia

jump short (less than 2 cm) pouncing flight at both premounting: female 0.026 ± 0.006,
the substrate in length male 0.055 ± 0.006

mate regular simultaneous stroking of the male precopulatory: 3.85 ± 0.15;
antenna anterodorsal side of both female�s copulation: 0.74 ± 0.06
antennation antennae with the ventrolateral side

(tyloidea) of male�s ipsilateral antennae
from pedicel to flagellum

mate body moving towards the partner followed by both premounting: female 0.0016 ± 0.0005,
antennation touching it with the tips of antennae male 0.013 ± 0.003

moving gradual manoeuvring on the female male precopulatory: 0.003 ± 0.002;
back posterad whilst mounting copulation: 0.020 ± 0.007

shaking small-amplitude movements of mesosoma female precopulatory: 0.71 ± 0.06;
with some rotating (or without it) around copulation: 0.27 ± 0.02
its longitudinal axis, curling metasoma
forward ventrad and feeble kicking of the
metasoma apex

struggle large-amplitude rapid rocking motion of female premounting: 0.0007 ± 0.0003;
mesosoma around its longitudinal axis precopulatory: 1.1 ± 0.2;
followed by the curling of metasoma copulation: 0.73 ± 0.03
forward ventrad, lifting metasoma against
the substrate and thrusting it back on to
the substrate, and forceful kicking of the
metasoma apex

plopping falling on the arena surface from the both premounting: female 0.028 ± 0.006,
bell-glass wall or from the flight heavily male 0.022 ± 0.003
with a sound

abdominal male�s probing with the underneath of male precopulatory: 2.80 ± 0.13
stroking metasoma and genitalia from the side

toward the tip of female�s metasoma
substrate inspection of the substrate with antennae both premounting: female 0.013 ± 0.002,
antennation by sweeping (male) or tapping (male and male 0.069 ± 0.005

female) simultaneously and/or alternately
wing rising and flicking of the wings with a both premounting: female 0.0014 ± 0.0005,
vibration buzzing sound whilst being on the male 0.0042 ± 0.0008;

substrate precopulatory: male 0.06 ± 0.01;
copulation: male 0.014 ± 0.005
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RESULTS AND DISCUSSION

We did 904 mating observations of S. allobrogus in the
laboratory. Six hundred and six observations (67%) out
of them resulted in the mounting of male, and in 444
cases (49.1% of all observations, 73.3% of mountings)
copulation took place. In total, 18,712 actions of mates
were recorded. Table 1 represents the observed mating
behavioural elements and their average frequency. Fig-
ures 1 and 2 show average frequencies of behavioural
elements of respectively the premounting and precopu-
latory phases in successful (mounting or copulation
present) and unsuccessful experiments.
As it was earlier supposed (Budrienë 2001), S. allo-
brogus females seem to be monandrous, whereas males
can copulate many times. The study of the influence of

behavioural elements of the premounting and precopu-
latory phases on mating success revealed significant
correlations, part of which were confirmed by the logis-
tic regression analysis (Table 2).
Generally we may assume that the male has higher av-
erage frequencies of various actions (Table 1) and tends
to exhibit a greater repertoire of mating behavioural el-
ements. However, female�s activities proved to have sig-
nificant influence on mating success as well. In the
premounting phase, the probability of mounting nega-
tively correlated with the frequency of the female ap-
proach and aggression to the male, although the aver-
age frequency of these behavioural elements was slightly
higher (but median frequency was lower) in successful
mating experiments than in those without mounting
(Fig. 1). This controversy might be explained in the fol-

Table 2. Effect of the frequency of mating behavioural elements of the premounting phase on mating success of the solitary
wasp Symmorphus allobrogus (N = 904; dependent variable: presence of mounting). Only significant values (p < 0.05) in
the table; highly significant values (p < 0.001) in bold; n/s � not significant (p > 0.05).

Kendall Tau Logistic regression
correlation

Independent variables: frequency of regr. coef. (bi) ± SE regr. coef. (bi) ± SE in
behavioural elements (actions /min.) τ in the model with the model with parame-

all parameters ters selected backward
stepwise (p < 0.05)

Female�s actions
aggression* -0.10 n/s
alert posture n/s n/s
approach* -0.13 n/s
abdomen extending n/s n/s
jump -0.05 n/s 4.8 ± 2.3
mate body antennation n/s n/s
struggle n/s n/s
plopping -0.06 n/s
substrate antennation n/s n/s
wing vibration -0.05 n/s

Male�s actions
aggression* -0.14 -17.4 ± 6.2 -15.6 ± 6.1
alert posture* -0.14 -12.2 ± 6.2
approach* 0.08 n/s 1.5 ± 0.6
abdomen extending n/s 8.6 ± 3.2 8.8 ± 3.1
jump n/s n/s
mate body antennation n/s n/s
plopping* -0.10 n/s
substrate antennation* 0.10 5.5 ± 1.3 6.2 ± 1.2
wing vibration n/s n/s

Intercept (b0) n/s n/s
Correct predictions 62.9% 67.5%

* � frequency of the element was significantly different (Mann-Whitney U test) in observations with successful mounting
of male and in those without it
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lowing way: attempts to mount by the active and finally
successful male often caused stronger aggressive
behaviour of the female that possibly reflected its as-
sessment of the male, or indirect (�cryptic�) choice
(Thornhill 1983). The positive effect of female�s jumps
revealed by the backward stepwise selection of the lo-
gistic regression model parameters possibly shows that
active females are easier detected by males, and sug-
gests the importance of visual cues in the premounting
phase of mating behaviour of eumenine wasps.
The male�s activity in the premounting phase affected
mating success in particular (Table 2). This may be in
agreement with Bonduriansky�s (2001) statement that in
the systems with lower female mating frequency, males
are likely to benefit by courting or pursuing every female
they encounter and showing little choosiness. Behavioural
elements that had the highest positive influence on mat-
ing success were male�s abdomen extending and substrate
antennation (Table 2, Fig. 1). Our observations revealed
a difference in the manner of substrate antennation be-
tween the sexes (males� sweeping and/or tapping versus
females� tapping). The relation between substrate
antennation by the male and mounting success may let us
presume that more active males react to the chemical cues
produced by walking females. This chemical signal may
also indicate female�s receptivity. It has been shown in
braconid wasp Cardiochiles nigriceps that male
antennation and mounting are mediated by the cuticular
hydrocarbons of males and females (Syverstein et al.
1995). Similar substrate antennation was shown in

Cerambycidae species having female contact pheromones
(Wang et al. 2002). On the other hand, the male�s ex-
tending of abdomen may give visual cues for the conspe-
cific mate recognition by the female, thus increasing the
probability of mating success.
The timid (alert posture) or aggressive behaviour of the
male had the strongest negative correlation with mating
success; this regularity was also confirmed by the logis-
tic regression analysis and Mann-Whitney U test (Table
2), as well as the comparison of average frequency in
successful and unsuccessful mating experiments (Fig. 1).
The logistic regression model, selected by backward
stepwise procedure, could correctly predict the success
of the male in mounting in more than 2/3 of all mating
observations (Table 2).
As to the precopulatory (�courtship�) phase, behaviour
of both sexes had influence on mating success in roughly
equal degree (Table 3). The effect of all behavioural
elements significantly correlating with copulation suc-
cess was confirmed by logistic regression, the Mann-
Whitney U test (Table 3) and the comparison of aver-
age frequencies (Fig. 2).
Vigorous struggle of the female had a negative influence
on copulation, while slower shaking affected it positively.
Therefore, we may expect some sort of female�s choice
at this phase: it is possible that the female uses the rejec-
tion response as an exercise of mate�s assessment. Mat-
ing systems of some other insects such as flies
(Blanckenhorn et al. 2000; Crean & Gilburn 2000) and
water striders (Sih et al. 2002) involve a premating vig-

Figure 1. Average action frequency of Symmorphus allobrogus mates during the premounting phase in the observations
resulting in mounting and those without it. * � frequency of the element was significantly different (Mann-Whitney U test)
in the observations with mounting and in those without it.
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Table 3. Effect of the frequency of mating behavioural elements of the precopulatory (�courtship�) phase on mating success
of the solitary wasp Symmorphus allobrogus (N = 606; dependent variable: presence of copulation). Only significant values
(p < 0.05) in the table; highly significant values (p < 0.001) in bold; n/s � not significant (p > 0.05).

Kendall Tau Logistic regression
correlation

Independent variables: frequency of regr. coef. (bi) ± SE regr. coef. (bi) ± SE in
behavioural elements (actions /min.) τ in the model with the model with parame-

all parameters ters selected backward
stepwise (p < 0.05)

Female�s actions
shaking* 0.24 0.6 ± 0.2 0.6 ± 0.2
struggle* -0.28 -0.2 ± 0.1 -0.2 ± 0.1

Male�s actions
mate antenna antennation* 0.43 0.4 ± 0.1 0.4 ± 0.1
moving back n/s n/s
abdominal stroking* 0.26 0.2 ± 0.1 0.2 ± 0.1
wing vibration -0.12 n/s

Intercept (b0) -0.7 ± 0.2 -0.7 ± 0.2
Correct predictions 83.2% 82.7%

* � frequency of the element was significantly different (Mann-Whitney U test) in observations with copulation and in
those without it

Figure 2. Average action frequency of S. allobrogus mates during the precopulatory phase of mounting in the observations
resulting in copulation and those without it. * � frequency of the element was significantly different (Mann-Whitney U test)
in the observations with copulation and in those without it.

orous struggle that results in the rejection of undesirable
males as well. The most important activities of the male,
stimulating the female to copulate, were antennation and
stroking by abdomen. The logistic regression model, in-
cluding the listed behavioural elements could predict the
success of the male in copulation in more than 4/5 of all
mating observations (Table 3).
Budrienë (2001) earlier has hypothesised that male tyloids
may function as integumentary glands of contact phero-
mones inducing readiness of the female to copulate. This
hypothesis is indirectly corroborated by the revealed im-
portance of male antennation in the precopulatory phase.
The only behavioural elements of the copulatory phase,
significantly affecting the duration of copulation in the
multiple regression model, were shaking and vigorous
struggle of the female (Table 4). Remarkably, antennation

of the male that was less frequent than in the precopula-
tory phase but still active (Table 1), did not significantly
affect the duration of copulation in S. allobrogus. Thus
we may conclude that in the copulatory phase activities
of the female perform the major role.

CONCLUSIONS

1. In the premounting phase, mating success of S. allo-
brogus is mainly predetermined by the behaviour of the
male. Actions exerting a positive impact on success of
mounting include the male�s abdomen extending that
may give a visual signal for the conspecific female, and
the substrate antennation that may reflect the activity of
the male�s response to chemical cues left by the female.
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Table 4. Effect of the frequency of mating behavioural elements of the copulatory phase on the duration of copulation of the
solitary wasp Symmorphus allobrogus (N = 444). Only significant values (p < 0.05) in the table; highly significant values
(p < 0.001) in bold; n/s � not significant (p > 0.05).

Kendall Tau Multiple regression
correlation

Independent variables: frequency of regr. coef. (bi) ± SE regr. coef. (bi) ± SE in
behavioural elements (actions /min.) τ in the model with the model with parame-

all parameters ters selected backward
stepwise (F to remove = 8)

Female�s actions
shaking -0.09 -70 ± 24 -67 ± 23
struggle -0.55 -63 ± 19 -59 ± 16

Male�s actions
mate antenna antennation n/s n/s
falling backwards -0.20 n/s
moving back n/s n/s
wing vibration 0.08 n/s

Intercept (b0) 141.4 ± 18.4 135.6 ± 17.4
R 0.18 0.18

2. In the precopulatory (�courtship�) phase of mating
activities of both sexes are nearly equal in importance.
Vigorous struggle of the female negatively affects mat-
ing success, while slow shaking of the female positively
correlates with the resulting copulation. Antennation
(simultaneous stroking of female antennae by male an-
tennae, bearing tyloidea that possibly excrete contact
pheromones) and stroking with lower part and apex of
the abdomen are the behavioural elements of the male
indispensable for successful copulation.
3. In the copulatory phase of mating visible activities of
the male have little influence on the duration of copula-
tion, while the intensity of shaking and struggle of the
female have a crucial effect, inducing an earlier termi-
nation of mating.
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ELGSENOS ELEMENTAI, ÁTAKOJANTYS

KLOSÈIAVAPSVËS SYMMORPHUS

ALLOBROGUS (HYMENOPTERA:
EUMENINAE) PORAVIMOSI

SËKMÆ

A. Budrienë, E. Budrys

SANTRAUKA

Straipsnyje apraðyti klosèiavapsvës Symmorphus
allobrogus poravimosi elgsenos komponentai, ávertinta
jø átaka susiporavimo sëkmei. S. allobrogus patinai
pateliø aptikimui naudoja regëjimà. Statistinë analizë
(Kendall Tau koreliacija ir logistinë regresija) parodë,

kad prieðuþtûpimo fazëje didþiausià átakà poravimosi
sëkmei turi patino aktyvumas, ypaè jo pilvelio iðtiesimai
ir substrato antenavimas. Prieðkopuliacinëje fazëje
abiejø lyèiø elgsena yra maþdaug vienodai svarbi. Ið
patelës elgsenos elementø �kova� turi neigiamà átakà
poravimosi sëkmei, tuo tarpu �kratymasis� didina
kopuliacijos tikimybæ. Antenavimas ir braukymas
pilveliu yra svarbiausi patino elgsenos elementai,
uþtikrinantys kopuliacijà. Kopuliacinëje poravimosi
fazëje patino matomas aktyvumas maþai átakoja
kopuliacijos trukmæ, tuo tarpu patelës �kratymasis� ir
�kova� sàlygoja ankstesnæ jos pabaigà.
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