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Abstract – Behavioural courtship display and size of males are two attributes often used by females to select 
a mating partner. According to sexual selection, such traits are of importance, because a bigger size male or 
males displaying a better courtship could enhance the possibility of females to transmit her genes to the follow-
ing generations via her offspring. In Hymenoptera such as in solitary bees, it is known that females can assess 
male quality and add this information in the process of mating choice. In the current study, I describe aspects 
of pre-copulatory mating behaviour of males, male quality assessment and female choice in the large-headed 
resin bee Heriades truncorum (Hymenoptera: Megachilidae: Osminii). Males of Heriades truncorum perform 
thoracic vibration, fan their wings and lift upwards female’s abdomen to copulate. Couples engage in sideways 
rocking motion movement like a dance. Female selection of a partner was also found to be density dependent. 
In a pair situation (one female for one male), female copulate equally with males of all sizes and male mating 
effort enhanced the chance of successful copulation. In an environment with mating choices (one female for two 
males of different sizes), successful copulation was significantly more frequent for bigger size males. Female 
response to male mounting took place independently of the number of mating partners in the arena and did not 
impair mating. Additionally, size had no effect on male-male competition. Both results suggest mating success 
in Heriades truncorum rely on a female choice mechanism.

Copulation / Courtship / Female choice / Mating attempts / Body size / Male density

1. INTRODUCTION

Mating behaviour strategy including male 
courtship display, as well as the interference of 
body size in mating, are primary goals to under-
stand evolutionary aspects of mating success 
and female choice (Alcock 2013). In several 
animal species, mating behaviour includes a 

selective initial phase when males display a pre-
copulatory behaviour. This initial mating phase 
can include movement of body parts, followed 
by ritualized performances (Alcock 2009). Suc-
cessful copulation can be widely attributed on 
the quality of its performance through female 
choice (Von Schantz et al. 1989; Ayasse et al. 
2001; Takeshita and Murai 2016) and density 
of potential partners (Kokko and Rankin 2006; 
Lehmann 2007; Atwell and Wagner 2014).

In insects, pre-copulatory behaviour is often used 
by males to attract mating partners. In this selective 
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scenarios’ chosen males may overcome the mat-
ing behavioural display from those displayed by  
less successful competitors. For example, male 
crickets (Grylloidea) produce sound to attract 
females by rubbing their wings together, and suc-
cess may depend on the ability of males to sonicate 
it according to female request (Mhatre et al. 2012). 
Similarly, male fruit flies (Drosophilidae) vibrate 
the wings in pre-copulatory behaviour producing a 
song that is used by the female to assess male qual-
ity (Hoikkala et al. 1999). In Hymenoptera, such 
as solitary bees, males are also known to display  
sexual signals used by female to assess male quality. 
For instance, females of Osmia bicornis (Osminii)  
are known to use the male’s thoracic vibrations to 
assess male quality during courtship (Conrad et al. 
2010). Male body size has also been found to be  
correlated with male success in solitary bee species 
performing scramble competition (Ayasse et al. 
2001; Russell et al. 2018) which predicts that a finite 
resource (e.g. females) is similarly accessible to all  
competitors.

In the sexual selection context, females could 
preferentially copulate with males possessing 
behavioural traits that could enhance the pos-
sibility of the female to transmit her own genes 
through sexual reproduction via her offspring to 
the following generation. Moreover, individu-
als of bigger size may be favoured either due to 
relative female choice or to male–male competi-
tion (Savalli and Fox 1998; Koffler et al. 2016). 
Documentation on the aspects of female choice 
and male pre-copulatory display in solitary bees 
is limited to a few species (Alcock and Johnson 
1990; Paxton 2005). However, it mostly focused 
on males and their behavioural display and the 
passive process of female quality evaluation 
carried on to final decision: acceptance or rejec-
tion of a male (Conrad et al. 2010). Therefore, 
investigation on these parameters especially in 
rarely studied bee species is an opportunity to 
understand female bee decision-making (strate-
gies of a mating partner) and therefore deepening 
our knowledge on aspects of sexual selection for 
rarely studied wild bee species.

Heriades truncorum (Linnaeus, 1758) is 
a small (6–8 mm length) solitary bee species 
belonging to the family Megachilidae (Osminii). 

This species is a cavity nesting bee with brood 
cells arranged in linear series with number of 
brood cells ranging from 2 to 16 (Maciel de 
Almeida Correa 1981). Females make a space 
between the last brood cell and nest entrance 
and enclose it with resin (Rozen and Praz 2016). 
The species is widespread across Central Europe 
with its natural distribution extended to arid 
zones of Northern Africa and Western Asia 
(Michez et al. 2019). The bees are univoltine, 
active mostly from June to August. They are 
oligolectic, and females are mostly associated 
with Asteraceae flowering from where they col-
lect pollen by tapping its abdomen on pollen-
presenting florets (Konzmann et al. 2020), while 
active during European summer (Praz et  al. 
2008). Recently, it was shown that individu-
als of H. truncorum are mostly restricted to its 
local environment due to its short flight distance 
(Hofmann et al. 2020).

In the current study, I describe to Heriades 
truncorum aspects of male pre-copulatory 
behaviour, which includes thoracic vibration, 
wing fanning, sideways rocking motion and lift 
upwards female’s abdomen to copulate. Wing 
fanning, a pre-copulatory behaviour displayed 
before mating, was investigated  across individ-
uals of different localities to test for fixed action 
pattern. I hypothesize if wing fanning increases 
the chance of a given male to succeed in copula-
tion and this behaviour has been selected, the 
frequency of males displaying wing fanning 
would be higher than those males not perform-
ing wing fanning. Additionally, I tested if mat-
ing attempts and individual sizes are predictors 
of copulation. I hypothesize that increasing the 
number of mating attempts increases the chance 
to successfully perform copulation, as shown in 
other arthropods (Shamble et al. 2009), because 
persistence (and continuous courtship display) 
might be an indicator of male quality. Moreo-
ver, if size is a trait of relevance and female 
process phenotypic information, copulation 
would favour individuals of bigger sizes. I also 
test whether male size affected the number of 
attempts that were necessary for copulating to 
understand the relation between male repro-
ductive effort, their sizes and female choice. 
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From my preliminary observations in the spe-
cies mating behaviour, females respond to male 
mounting either by biting or by using her hind 
legs towards males. Thus, I tested if the female 
response to male mounting varies depending on 
male successful copulation. If female response 
has a significant negative effect over copula-
tion, this probably could indicate that female 
response to male mounting works as mating 
avoidance behaviour. Yet, if this interaction 
does not completely impair copulation, female 
response to male mounting is a case of female 
evaluation of male quality. Since hymenop-
teran females, including close related species 
of Osminii, are known to evaluate male quality 
(Ayasse et al. 2001) and reject males by push-
ing males off from its back (Conrad and Ayasse 
2015), I suspect females of H. truncorum to 
evaluate their mating partners as well. Finally, 
if male-male competition in H. truncorum is 
dependent on male size (Russell et al. 2018), 
smaller males would fail to interfere in mating 
situations with bigger conspecifics.

2.  MATERIAL AND METHODS

2.1.  Preliminary observation and 
description of the mating behaviour

Several females and males of H. trunco-
rum were placed all together in a flight cage 
(40 × 40 × 60 cm) in the presence of a flowering 
plant of an Asteraceae species (Ajanja pacifica). 
Individuals of both sexes were randomly 
observed, and mating attempts (male seeking a 
female and performing a fast-grabbing behav-
iour) and copulations (insertion of male genita-
lia into female) were observed in the cage. To 
quantify these behavioural approaches, freshly 
emerging males and females of H. truncorum 
from phragmites stems (collected from several 
sampling areas in Bavaria (Figure 1), south of 
Germany) were placed individually in petri 
dishes (2.5 cm Ø, 1.5 cm high) and let to feed 
ad libitum in a feeder with sucrose solution 50% 
up to 3 days. The intertegular distance of random 
males (n = 40) and females (n = 41) was sized 

with the software Las Ez version 3.4.0 attached 
to a stereomicroscope (Leica EZ4D). The stud-
ies were performed following natural emergence 
of individual in lab environment (Department of 
Animal Ecology and Tropical Biology, Univer-
sity of Würzburg) from July to August 2020.

2.2.  Assay 1: In pair situation

One male and one female were randomly 
chosen from different localities (Figure 1a) and 
were inserted in a petri dish (dimensions: 5.5 
Ø, 1.5 cm high). I followed mating activities 
of 10 pairs for a period of 15 min each (except 
two videos of 6 min each), totalling 142 min of 
observations. In this experiment, I quantified 
the number of mating attempts, the average time 
males remained mounted over the females and 
the number of copulations.

2.3.  Assay 2—Mating choice experiment

Two males of H. truncorum from the same 
sampling sites were marked with non-toxic 
colours (edding®) and inserted in a petri dish 
(5.5 cm Ø and 1.5 cm high) following the inser-
tion of a freshly emerged female from a differ-
ent sampling locality (Figure 1b). Males of same 
sampling site were inserted into the arena to 
minimize female choice based on non-measured 
traits relative to a specific site (Vereecken et al. 
2007). The interactions between a given male and 
the female were recorded for a period varying 
between 7 and 11 min. A total of 11 trials with 
one female and two males (n♂ = 22 and n♀ = 11) 
were recorded totalling 51 min of observations. 
Recording with a camera gave the possibility to 
observe, in addition of mating attempts, and the 
number of events a given male displayed wing 
fanning, copulation events, female response to  
male mounting (Online Resource, Video 1) and mat-
ing interruption by action of the conspecific male.

All females and males used in the mating 
experiment were sized my measuring their inter-
tegular distance, and this information was used 
in the models as predictor variables.
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2.4.  Statistics

The size of females and males was compared 
with t test.

2.5.  Assay 1—Mating in a pair situation

I used generalized liner models (GLMs) 
to analyse if the number of mating attempts 
depend on the size of the mating partners with 
Poisson error distribution. Also, I used a GLM 
with successful copulation (0 = rejection, 
1 = copulation) as response variable and the 
number of mating attempts and size of males 
as fixed factor with binomial error structure. 
Size of the mating partners did not affect copu-
lation; therefore, this variable was excluded for 
a better fit of the model.

2.6.  Assay 2: Mating choice experiment

I tested if the size of the mating partners 
(female and male) influences mating attempts 
with a GLM and Poisson error structure. I used 
a GLM with female response to male mounting 
(bites), the time a given male remained mounted 
over the female and male size as fixed factors and 
binomial error structure to test the effect of these 
variables in successful copulation (0 = rejection, 
1 = copulation). Fixed factors were considered 
based on lowest value of AIC. I tested if wing 
fanning is a commonly displayed behaviour by 
comparing with a binomial test the frequency 

of males displaying this behaviour across dif-
ferent sites. To explore if the number of mat-
ing attempts predicts successful copulations, 
I built up a dataset by summing up all mating 
attempts of a given male. I used a GLM with 
successful copulation as response variable and 
the total number of mating attempts per male 
as fixed factor with binomial error structure. 
To test whether male size (fixed factor) affected 
the number of attempts that were necessary 
for copulating (male reproductive success), I 
used a GLM with male reproductive success as 
response variable and quasi-Poisson error distri-
bution. Male reproductive success ranged from 
values between “0” and “1,” with higher indicat-
ing higher reproductive success. A correlation 
(Pearson) between mating attempt and female 
response to male mounting was tested with the 
aim to acquire information on the magnitude of 
potential action/reaction measures. Lastly, I test 
with a GLM if male interference (response vari-
able) over the formed couple led to male partner 
replacement using the size of male as fixed fac-
tor. All statistics were produced with software r 
(R Core Team 2018).

3.  RESULTS

Females of H. truncorum were significantly 
bigger (N♀ = 40, mean ± s.d = 1.49 ± 0.1 mm) than 
males (N♂ = 39, mean ± s.d = 1.32 ± 0.11 mm) 
(t test, t = 7.02, df = 76.95, p < 0.0001, Online 
Resource, Figure S1).

3.1.  Description of male pre‑copulatory 
behaviour

Individuals of both sexes were actively 
moving in the petri dish. The females usually 
explored the petri dishes with their antennal fla-
gella distended. The males explored the arena 
with the last two segments of their antennal fla-
gella curled and touching the ground while mov-
ing. The males were observed displaying a turn-
ing movement by changing the direction towards 
the females, and eventually interacting with them 

Figure  1.  Individuals of Heriades truncorum were 
obtained with the aid of trap nests from different areas 
of Bavaria region, Germany. a Assay 1: Mating in a pair 
situation. Circles correspond to males, and diamonds 
correspond to the females. Colours indicate the origin of 
the mating pair. b Assay 2: Mating choice experiment.  
Each circle represents two males used in the same trial; 
the diamond corresponds to the females. In both fig-
ures, colours indicate the origin of a given bee, note 
that males and females used in each trial were always 
originally from different sampling site. The origin of 
the female used in the assay 2 with males represented by 
blue colour is unknown

◂
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by performing an attempt to mate. The attempt 
to mate was displayed as a fast movement of 
grabbing the female followed by mounting over 
her. The common position is the males hold the 
females including the use of the second and the 
third leg pairs to hold the abdomen of the female 
(from second tergite/sternite (T2/S2) to fourth 
tergite/sternite (T4/S4) with their second and 
third pairs of legs). Bigger males were observed 
holding females on the first tergite segment (T1). 
The males then fanned their wings intermittently 
and held the mating partner mostly in an ~ 85º  
angle in relation to the female body (Online 
Resource, Figure S2a). The males always held their 
first pair of legs up without touching the females 
(Online Resource, Figure S2a, b). Wing fanning was 
performed regularly, as well as thoracic vibrations.

During male wing fanning, the mating pair 
did not fly away, rather the male lifted up the 
female’s abdomen (Online Resource,  Figure   
S2b), and together, they displayed an alternated 
movement leading the couple to perform a move-
ment of sideways rocking motion to the right and 
left side repeatedly similar to a dance (Figure 2; 
Online Resource, Video 2). Sideways rocking 
motion precedes copulation events. After copu-
lation, the male released the female and imme-
diately after retracted its genitalia.

3.2.  Assay 1: Mating in pair situation

The number of mating attempts was inde-
pendent of females and male body sizes (GLM; 
χ2♀ = 0.08, df = 1, p = 0.76; χ2♂ = 0.62, df = 1, 
p = 0.42). Males spent in average 105 ± 151 s 
mounted over the female in 13 records. Copula-
tions were recorded to 50% of the mating couples  
(n = 5)  and it was dependent on the number of mat-
ing attempts (GLM, χ2 = 5.62, df = 1, p = 0.01:  
Figure 3). Successive copulations were recorded 
only for two couples.

3.3.  Assay 2: Mating choice experiment

In the scenario with male options, mating 
attempt was performed by all males. In average, 

males performed 2.09 ± 1.1 mating attempts. The 
number of mating attempts was independent of 
size of females and males (GLM; χ2

♀ = 0.224, 
df = 1, p = 0.635, χ2♂ = 0.045, df = 1, p = 0.830). 
Wing fanning was performed by males of all 
localities. The frequency of males performing 
wing fanning (82%) was significantly higher than 
of males that did display the behaviour (18%)  
(binomial test, p = 0.004: Online Resource, Figure  
S3). Sideways rocking motion and lifting female 
abdomen are followed by pre-copulatory behav-
iour and were displayed at lower frequency (50 and  
32%, respectively), and difference was not sig-
nificant between individuals displaying or not 
these behaviours (p = 1 and p = 0.318, respec-
tively). Copulation was observed in 70% of the 
mating groups. Female copulation with multiple 
males was recorded only once. Mating attempts 
seemed to be less important in an environment 
with two males since it had no effect in success-
ful copulation (GLM; χ2 = 2.19, df = 1, p = 0.13).

Interruption performed by a given male 
towards a mating pair during pre-copulatory 
phase (male replacement) occurred in 14 out 43 
times that a couple was formed. In 100% of the 
cases, the interruption led to a substitution on 
male mounting. Interruption was performed sim-
ilarly for males of both size (GLM; χ2 = 0.252, 
df = 1, p = 0.615).

Female response to male mounting (Online 
Resource, Figure S4) was recorded in 84% of the 
mating attempts. Female response to male mount-
ing and mating attempts was strongly correlated 
(r = 0.95, p < 0.001). From a total of 87 events of 
female response to male mating attempt, copu-
lation occurred nearly in 25%; female response 
to male mounting did not suppress completely 
copulation (GLM; χ2 = 0.03, df = 1, p = 0.83). 
Males spent on average 48 ± 86 s mounted over a 
given female in 46 records, but the time a given 
male remained mounted over a female had no 
effect over copulation (GLM; χ2 = 2.42, df = 1, 
p = 0.11). Yet, male size significantly affected 
successful copulation (GLM; χ2 = 4.65, df = 1, 
p = 0.03: Figure 4). Males of bigger size were 
more successful compared to the smaller size 
conspecifics. Out of seven recorded copulations, 
71% were performed by the male of bigger size. 
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Three of these males copulate more than once 
with the female. Male size alone does not explain 
higher reproductive success (GLM; χ2 = 0.90, 
df = 1, p = 0.34).

4.  DISCUSSION

In the current study, I report for the first time 
the pre-copulatory and aspects of the mating 
behaviour in Heriades truncorum, a small soli-
tary bee oligolectic to Asteraceae species. Males 
used to display a quick grabbing behaviour after 
contacting the female’s body with its antennae. 
Once a mating pair is formed, males perform 
pre-copulatory behaviour including thoracic 
vibration, wing fanning, lifting female’s abdo-
men and performing sideways rocking movement 
like a dance. Wing fanning seemed to be a fixed 
pre-copulatory behaviour. Copulation successes 
increase with male mating attempts when a male 
conspecific was absent. Bigger males copulate 
at higher frequency when a male conspecific 
was present in the arena. Male reproductive suc-
cess does not rely necessarily only on male size. 
Female response to male mounting occurred 
in 90% of the trials and did not necessarily 

prevented copulation. Males of both sizes were 
similarly efficient interrupting mating by sepa-
rating previously mating partners following 
replacement. These results support the hypoth-
esis that formation of efficient mating partners 
relies more strongly on female choice based on 
male quality with evidence of direct conflict 
between males independently of their size.

4.1.  Courtship display

The males of several bee species display 
courtship behaviour which might be used 
by the females as a measure of male quality. 
Female choice has been shown in solitary bee 
species, e.g. Xylocopa varipuncta (Alcock and 
Johnson 1990), Antheronoides micans (Dutra 
et al. 2021) and several Megachilidae species 
such as to Anthidium maculosum (Alcock et al. 
1977) and O. bicornis (Conrad et al. 2010). In 
well-studied mating system of the Osmiini bee 
species, O. bicornis and O. cornuta females 
are known to use male vibrational signals to 
measure male quality (Conrad et  al. 2010). 
Heriades is related to Osmia bee species  (Praz 
et al. 2008), but despite similarities in the use of 
male vibrational signal (thoracic vibration) and 
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Figure 3.  Males of Heriades truncorum can perform several matting attempts to successfully copulate. In a mating 
pair environment (one male for one female), successful copulation increases with mating attempt. Dots and number 
represent number of observations. Line indicates regression model with 95% confidence interval. **p < 0.05
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wing fanning, male courtship differs between 
the two genera. For instance, the wing fanning 
of males in O. bicornis and O. cornuta occurs 
shortly before copulation trials, when males 
extend its abdomen to reach the female’s geni-
talia chamber (personal observation). Yet in H. 
truncorum, wing fanning takes place as soon 
as the male mounts over the female. The use 
of wings seemed to confer to male of H. trun-
corum stability over the females that are often 
bigger and perform a response to male mount-
ing. Moreover, fanning the wings seems to help 
males to lift the female’s abdomen which antici-
pates copulation. Lifting the female’s abdomen 
is not exclusively displayed to H. trucorum. 
This behaviour has been observed to occur in 
Osmia cornifrons (Lee et al. 2016), Megachile 
willughbiella (Blochtein, personal communica-
tion) and in the cleptoparaiste bee Nomada lath-
buriana (Schindler et al. 2018) as well in non-
megachilids such as males of the Neotropical 
oil bees, Centris burgdorfi (Sabino et al. 2017). 
Although these pre-copulatory behaviours are 
widely spread across bee species, the current 
study is limited to account for intraspecific 
variation (e.g. speed of wing fanning) across 
populations.

Male thoracic vibration during mating has been 
recorded to several species (Simmons et al. 2000; 
Russell et al. 2018; Chiappa and Mandujano 2020; 
Dec and Vivallo 2021) including other Megachi-
lidae such as Osmia spp. (Conrad et al. 2010) and 
Megachile species (Sihag 1986). Interestingly, 
thoracic vibrations were not mentioned in any of 
the nine Anthidiini species to which aspects of 
mating behaviour were investigated (Jaycox 1967; 
Turell 1976; Alcock et al. 1977; Severinghaus 
et al. 1981; Frohlich and Parker 1985; Sugiura 
1991; Villalobos and Shelly 1991). Yet wing fan-
ning was recorded for members of all three tribes 
in Megachilidae (Turell 1976; Neff and Simpson 
1991; Sugiura 1991; Wittmann and Blochtein 
1995; Lee et al. 2016). Ritualized movements are 
known to be a component of mating systems in 
some insects. Rocking motions back and forth 
movement during pre-copulatory behaviour was 
observed in males of three different species of 
Anthidini (Turell 1976; Frohlich and Parker 

1985). While the sideways rocking movement 
seems a novelty among the Osminii species, wing 
fanning, thoracic vibration and sideways rocking 
movement were registered in Diadasia rinconis 
(Apidae) (Russell et al. 2018).

In Megachilidae species, it has been hypoth-
esized that the pheromone transmission occurs 
when a male and a female engage in rubbing 
their antennae together (e.g. Osmia bicornis), or 
males rubbing their front leg tarsus with females’ 
antennae as suggested in Megachile willugh-
biella (Wittmann and Blochtein 1995). Both 
behaviours were not observed in H. truncorum, 
and this may be explained by the large body size 
differences between females and males. A poten-
tial existence of pheromone and its mechanism 
of transfer to females remains to be investigated.

4.2.  Size of mating partners

Difference in size of males leading to advan-
tage to gather females is mostly reported in spe-
cies whose males are territorial with pronounced 
differences in male size (Alcock et al. 1977; 
Simmons et al. 2000); however, there are excep-
tions. In Hoplostilis anthocopoides, for example, 
obtention of a territory seems to be independent 
of size (Eickwort 1977); in D. rinconis, a species 
known to perform scramble competition, bigger 
males were found to have advantage over smaller 
ones (Russell et al. 2018). The significant dif-
ference in body size between sexes may explain 
potential scramble competition in H. truncorum, 
as shown by other bees including Osminii bees 
(Ayasse et al. 2001; Conrad et al. 2010) with 
apparent advantage for males of bigger sizes in 
an environment with two males. Since female 
choice may rely on a size component and as size 
of individuals reflect their foraging potential 
and genetic structure (López-Uribe et al. 2019), 
it would be interesting to investigate, in a natural 
context, if the effect of environmental stressors  
leads to inbreeding and population decline 
due to a potential female choice (relaxation) in  
regard of male size. Interestingly, in the experi-
ment where no male option was tested, size had 
no effect, and females mate mostly with males 

Page 10 of 149   



1 3

that invested the most in mating by performing 
several mating attempts. It might show that the 
size of a mating partner influences female choice 
when males are not a limited resource and that 
males of smaller sizes may experience advan-
tage in copulation with low density of bigger 
size males. Such behavioural choice dynamics, 
which may rely on additional male traits rather 
only size as source of quality signals (Ayasse 
et al. 2001; Benelli et al. 2013), reflect a female 
plastic behaviour dependent on the density of 
mating partners (Lehmann 2007; Ribeiro et al. 
2010).

Indeed, even with similar number of male 
mating attempts between environments; in the 
pair situation, 50% of the trials resulted in copu-
lation, while this percentage raised to 70% in the 
female choice experiment even with a reduction 
in observation time (in minutes) compared to 
the first assay. Furthermore, it was recorded a 
reduction of nearly 45% of the average time a 
given male remained mounted over the female 
in the environment with mating options, suggest-
ing among non-excluding hypothesis: (1) males 
optimize pre-copulatory quality signals shorten-
ing the time of courtship, (2) female choice is 
quicker. In the environment with competitors, it 
might be that female quality evaluation may have 
favoured bigger males during pre-copulatory 
phase. While further studies of different environ-
ment conditions may help to elucidate the factors 
influencing mating in H. truncorum, the current 
set up shows that female sexual plasticity does 
not necessarily rely on learning or experience 
but may have evolved in response to a one-off 
situation.

Male interference in a mating pair took place 
in 32% of the observed formation of mating 
pairs. Males that engage in mating attempt while 
other males were attached to the female succeed 
in separating the mating pair. Due to absence of 
size effect during male interference and lack of 
aggressive behaviour between males as observed 
in Epicharis dejeanni (Dec and Vivallo 2021), it 
is more likely that female choice has a stronger 
effect over selection of a mating partner than in 
male-male competition. However, it is worth 
mentioning that experimentally, I did not explore 

how mating interference occurs among males of 
extreme body sizes since the frequency of inter-
mediate size males is greater compared to the 
extreme sizes.

Out of a total of seven copulation events 
observed in the second experiment, multiple 
mating, i.e., a female copulating with different 
males, was observed only once. It is possible that 
multiple copulations occurred because females 
may not have been inseminated in the first place. 
Besides, changes in CHC hydrocarbons, a signal 
of female reproductive and age status (Thomas 
2011; Seidelmann and Rolke 2019), probably 
require more time than just a few minutes.

4.3.  Female response to male mounting

Female resistance to male copulatory attempts 
is not a novelty in bees. This has been recorded 
to other Megachilidae species (Severinghaus 
et al. 1981) and to non-megachilids (Schindler 
et al. 2018; Dutra et al. 2021). In this study, 
the females often displayed interactive behav-
iour as a response to male mounting suggesting 
that female response functions as a mechanism 
to evaluate the quality of the mating partner 
(Parker 2015). Females were observed biting the 
males’ abdomen during the pre-copulatory phase 
when males were mounted over the female. It 
was observed that after the female response, the 
males either released the female or remained per-
forming mating attempts and eventually copulat-
ing. This behavioural response has opened sev-
eral hypotheses regarding its functionality. Here, 
I tested the hypothesis that females use response 
to male mounting as a mechanism to evaluate 
the quality of their mating partners. This behav-
iour was often recorded but did not completely 
suppress copulation (negative response); rather, 
females were observed to stop being aggressive 
during the pre-copulatory phase and perform 
mating.

Interestingly, female response also triggered 
the males to fain their wings. Wing fanning 
seemed to help males to find suitable positions 
over the females, and therefore, it might be a 
mechanism belonging to the complex mating 
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behavioural display of H. truncorum. A future 
experiment preventing the male to fan their 
wings during pre-copulatory phase would help 
to elucidate the adaptation of female response to 
male mounting, male quality and reproductive 
success in Heriades truncorum.

5.  CONCLUSIONS

Females display different strategies to evalu-
ate males as potential mating partners. At lower 
male density, females may copulate more often 
with males that engaged stronger in mating, while 
in the environment with higher male density, 
the size of the mating partner seemed to be of 
stronger importance to get a mating pair. Engage-
ment on mating can occur simultaneously for 
multiple males. This behaviour can lead a male 
to interfere in the copulation of a conspecific.
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