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Abstract. The study of the social interactions between host bumblebees and their inquiline species requires rearing them.

Here we provide a simple method for rearing of cuckoo bumblebees (Bombus subgenus Psithyrus) in laboratory. In this

study, two bumblebee cuckoo-host systems were used : Bombus (Psithyrus) vestalis hosted by B. (Bombus) terrestris and B.

(Psithyrus) sylvestris hosted by B. (Pyrobombus) pratorum. First, the invasion of the Psithyrus female should be performed

in species-specific host colonies containing approximately 10 young workers. On average, a parasitized colony of B.

terrestris produced 90 ± 9 young males and 21 ± 3 young females of B. vestalis, whereas a parasitized colony of B. pratorum

produced 16 ± 2 young males and 5 ± 1 young females of B. sylvestris. One week after emergence, Psithyrus virgin females

are placed in a flight cage exposed to natural light, with Psithyrus males of other colonies. After successful mating, the

females are isolated and overwintered in a cold room at 4°C for 2-4 months. This method enables a year-round and mass

breeding of Psithyrus species to facilitate studies of these rare species. 

Résumé. Une méthode pour élever des bourdons parasites en continu toute l'année ((Hymenoptera: Apoidea: Bombus

subgenus Psithyrus). L'étude des interactions sociales entre les bourdons hôtes et leurs espèces inquilines réclame de les

élever. Nous proposons ici une méthode simple pour élever et reproduire les bourdons parasites (Bombus subgenus Psithyrus)

en laboratoire. Dans cette étude, deux-systèmes hôtes-parasites ont été utilisés : Bombus (Psithyrus) vestalis hébergé par B.

(Bombus) terrestris et B. (Psithyrus) sylvestris hébergé par B. (Pyrobombus) pratorum. D'abord, l'invasion de la femelle

Psithyrus doit être initiée dans des colonies-hôtes spécifiques qui comprennent environ 10 jeunes ouvrières. En moyenne, une

colonie parasitée de B. terrestris a produit 90 ± 9 jeunes mâles et 21 ± 3 jeunes femelles de B. vestalis. Une colonie parasitée

de B. pratorum a produit 16 ± 2 jeunes mâles et 5 ± 1 jeunes femelles de B. sylvestris. Une semaine après l'émergence, les

femelles vierges de Psithyrus sont placées dans une cage de vol exposée à la lumière naturelle, avec des Psithyrus mâles

d'autres colonies. Après un accouplement réussi, la femelle est isolée et mise en hibernation à 4°C pour 2-4 mois. Cette

méthode permet de produire toute l'année et en quantité ces espèces de Psithyrus, ce qui facilite ainsi l'étude de ces espèces

rares.

Keywords : Bombus, social parasitism, laboratory rearing, bumblebee breeding

Social parasitism has long been recognized as one of the most intriguing phenomenon and its natural history is

still an immensely fascinating topic for evolutionary biologists. Social parasites live at the expense of their social
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host, exploiting not only their brood care behavior but also their whole social system (Wilson 1971; Nash &

Boomsma 2008; Kreuter et al. 2012). As a result social parasitism (or inquilinism) causes a fitness reduction in

the host. Because of this asymmetric relationship, the processes and dynamics of host-social parasite interactions

have been investigated in numerous theoretical and empirical studies. Social parasitism has been used to explore

aspects of coevolution, games theory, sympatric speciation and also recognition systems (Hamilton & Dill 2002;

Lorenzi 2003; Savolainen & Vepsäläinen 2003; Brandt et al. 2005; Lecocq et al. 2011; Martin et al. 2010;

Kreuter et al. 2012).

Social insects have evolved highly sophisticated recognition systems which enable them to reject any foreign

individuals. A common colony odour resulting from shared cuticular hydrocarbons among nestmates is at the

basis of recognition mechanisms (van Zweden & d’Ettorre 2010). Social parasites have evolved several

morphological, behavioral and chemical adaptations to evade host front-line defenses and to integrate its social

system (Lenoir et al. 2001; Zimma et al. 2003; Lorenzi 2006; Nash & Boomsma 2008; Sramkova & Ayasse

2009; Bunk et al. 2010; Kreuter et al. 2010, 2012)

Social parasites are common in social hymenopterans, particularly among ants, social wasps and social bees

(Buschinger 1986; Cervo 2006; Michener 2007). In this last group, social parasitism is especially important in

the bumblebee subgenus Psithyrus that is exclusively composed of workerless inquilines. Nearly 30 species of

cuckoo bumblebees are described worldwide (Williams 1998). However, very little is known about the

evolutionary ecology of their interactions with their host of the same genus Bombus. This lack of knowledge is

due to several reasons, mostly because of the relative rarity of cuckoo bumblebees but also because continuous

observations of wild nests are impossible. It is therefore necessary to rear cuckoo bumblebees in laboratory to

have a better understanding of their ecology. Rearing cuckoo bumblebees has already been undertaken in the last

decades (van Honk et al. 1981; Fisher 1988; Küpper & Schwamberger 1995; Sramkova & Ayasse 2009; Bunk et

al. 2010; Kreuter et al. 2010, 2012; Lhomme et al. 2012) but so far no precise rearing method has been

published. Here we describe a simple method that enables a year-round and mass production for rearing of

cuckoo bumblebees in laboratory. It was tested on two Psithyrus species: Bombus (Psithyrus) vestalis (Fourcroy)

and B. (Psithyrus) sylvestris (Lepeletier).

Description of Procedure

Preparation of the host colonies 

Nest searching Bombus queens are collected in the field during the spring and used for founding colonies in the

laboratory. Young Bombus host colonies reared industrially can also be used to enhance production of new
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Psithyrus females but it could be preferable to rear them in wild colonies for behavioral experiments. In our

studies we used two bumblebee cuckoo-host systems, B. (Psithyrus) vestalis hosted by B. (Bombus) terrestris

and B. (Psithyrus) sylvestris hosted by B. (Pyrobombus) pratorum. These host bumblebees are both pollen-

storers (Sladen 1912).

Bombus host queens are reared in a controlled climate dark room at 28-30°C and 60-65% humidity and fed with

unlimited sugar syrup or a 50 % sugar solution of API-Invert® (72.7%; Südzucker AG, Germany; 1g citric acid

and 3g potassium sorbate were added per liter API-Invert solution) and fresh pollen (Salix sp.; Ruchers de

Lorraine). In early spring, willows (i.e. Salix sp) are almost the only food supply for the emerging bumblebee

species. It is also a protein-rich pollen that is very effective for bumblebee ovarian maturation (Regali 1996). It is

thus preferable to use willow pollen for bumblebee colony initiation, but diversifying the pollen resources is also

possible. Only fresh pollen immediately deep-frozen should be used. The pollen is moistened with sugar-water

(ratio 2:1) to make pollen lumps. Sugar syrup is provided in pierced plastic tubes. Sugar syrup and pollen are

offered under red light to not disturb colonies. The host queens are put singly or in pairs in small plastic-covered

wooden nest boxes (30 x 13 x 12 cm) separated in two equal parts (Figure 1). We used several different

materials to build nest boxes (plastic or wood), making no differences in the colony life. The inner part contains

a lump of pollen (place of the future nest), and the outer part contains the sugar syrup feeder. Once five workers

had emerged, colonies are moved to plastic dual chamber boxes (32 x 23 x 12 cm) (Figure 2). 

INSERT HERE FIG. 1, 12cm BW centered

INSERT HERE FIG.2 12cm BW centered

There are already numerous studies about how to establish and rear year-round Bombus colonies in laboratory

(Plowright & Jay 1966; Pomeroy & Plowright 1980; Röseler 1985; Eijnde et al. 1991; Ptácek 1991; Pouvreau

1993; Tasei 1994; Tasei & Aupinel 1994; Gretenkord & Drescher 1997; Kwon et al. 2003, 2006; Velthuis & van

Doorn 2006). We refer you to these authors for a complete description of the laboratory rearing methods of the

Bombus hosts.

Preparation of Psithyrus females

Host nest searching Psithyrus females are collected in the spring to be reared in initiated Bombus host nests.

Psithyrus females are kept individually in small wooden nest boxes (10 x 10 x 10 cm) under darkness and

controlled temperature and humidity conditions (28-30°C and 60-65% humidity) to rear the Bombus hosts. They

are fed ad libitum with pollen and sugar-water until host colonies are ready to be infested. They can be

maintained until 3 weeks waiting the availability of host colonies. In this study we used two species of cuckoo

bumblebees, B. vestalis hosted by B. terrestris and B. sylvestris hosted by B. pratorum.
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Invasion procedure

Newly emerged workers are fully dominated by their queen, poorly aggressive and are not in competition with

the parasite for reproduction which starts only at the competition point (Röseler and Röseler 1977; Röseler et al.

1981; Duchateau 1989). It is thus really important to introduce Psithyrus females in young colonies containing

only the first batch of workers or at least only young workers. The number of workers in host colonies before

Psithyrus female invasion should be about 5 to 10 workers, depending on the size of the first batch (Sramkova &

Ayasse 2009). The Psithyrus female is introduced in the outer compartment of the nest box, outside of the host

colony. If the cuckoo female is not accepted in the host colony after one day or if she is still trying to escape, she

is removed from the nest box and killed. The Psithyrus female is considered as accepted by the host members

when no aggressive interaction is observed between the Psithyrus female and the hosts. 

Invaded colonies

After successful invasion, the cuckoo females face the challenge of integrating host social system to dominate

the host workers. During the initial phase of the colony life cycle, dominant fecund queens suppress workers’

ovarian development by behavioral and pheromonal mechanisms (Röseler and Röseler 1977; van Honk et al.

1980; Röseler et al. 1981). It has been shown that Psithyrus species have the same ability to suppress host

workers ovarian development as the real queen (Vergara et al. 2003; Kreuter et al. 2012). Fully dominated

workers are less disposed to be controlled by the usurper so it is preferable (in the case of queen-intolerant

inquilines like B. vestalis) to remove the host queen to facilitate Psithyrus female domination on host workers.

This technique reduces competition for domination between both reproductives and thus facilitates the cuckoo

female social integration. It allows mass producing of Psithyrus offspring. In the case of behavioral studies

dealing with Psithyrus female infiltration and social integration, it is better to keep the host queen present in the

colony to model natural conditions. Psithyrus offspring start to emerge approximately one month after nest

infiltration (see results).

Mating and hibernation 

After one week, newly emerged Psithyrus females are placed in a flight cage (50 x 50 x 50 cm) exposed to

natural light, with Psithyrus males of other colonies (approximately one female for five males). Generally with

other bumblebees, the mating pair is removed from the flight cage during the copulation to avoid the harassment

by the other males. This is not necessary with the Psithyrus as the copulation spent at most 3 minutes (see

results). Mating duration is determined by observing the mating pairs in the flight cage. After successful mating,

the females are isolated and fed with pollen and sugar syrup for one week. They are then placed in small plastic

boxes (10 x 10 x 10 cm), with a moist paper towel to keep up humidity, and overwintered in a cold room at 4°C
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for 2-4 months.

Use of the CO2 narcosis 

Queens that overwintered in captivity are often difficult to activate. An increased temperature alone does not

always break diapause. For Bombus terrestris, using CO2 narcosis helps to activate hibernated queens and

induces egg-formation so that they start nest-building after a few days (Röseler 1985). A similar technique can

be used with the Psithyrus. After hibernation, Psithyrus females are put in a glass jar and treated with a CO2

stream until they are immobilized. They remain 30 min in CO2 saturated atmosphere in the jar closed with

parafilm. If the Psithyrus queens have spent less than five weeks in hibernation, the narcosis is repeated (24h and

48h after emerging). It has been shown with B. terrestris that CO2-narcosis of mated females makes it possible to

rear the species continuously by preventing the females from going into diapause (Röseler 1985). However, this

approach should be avoided if colonies are required for behavioral or developmental studies because the narcosis

has both immediate and delayed physiological and behavioral effects on insects (Pomeroy & Plowright 1979;

Kukuk et al. 1997). After narcotic treatment, the females are isolated and fed with unlimited pollen and sugar

syrup for one week before new invasion. In this study, females of B. sylvestris and B. vestalis were not treated

with CO2, except the B. vestalis female used in the sample colony 1. 

Results and discussion

Psithyrus invasion success

The cuckoo females (n=14) were completely accepted in the host nest within a few hours. Both cuckoo species

B. vestalis and B. sylvestris firstly reacted in the same way by trying to avoid any contact with the members of

the host colony and hiding themselves into the nest comb. B. sylvestris females rarely induced aggressive

behaviors from the queen and workers and never tried to sting anyone. In all cases they were accepted quite fast

by the host members, within an hour approximately. Host queen and workers never attacked a B. sylvestris

female but the workers (not the queen) reacted to the intrusion of the cuckoo by getting excited, buzzing and

walking very quickly over the nest.

Unlike B. pratorum workers, B. terrestris workers reacted more aggressively towards the intruder. Some host

workers tried to bite and sting the B. vestalis female and the latter responded by killing the aggressive workers.

Except in two colonies (1 and 7), few host workers were generally killed within a few hours after B. vestalis

female introduction and in the colony 3, even all the 5 workers present in the colony were killed (Table 1). 

INSERT HERE TAB. 1

Our results show that 5-10 is the optimal number of host workers to maximize Psithyrus female invasion success
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but also to allow the cuckoo females to produce a great number of sexuals. In the field, Psithyrus females are

often seen searching for host nests more or less a few weeks after the emergence of their Bombus host. At this

time the host queen has generally only produced the first batch of workers, which consists only of a few small

and young workers. The first batch of workers is less aggressive than the second batch (Alford 1975). Van Honk

et al. (1981) and later Sramkova & Ayasse (2009) showed that only the young workers of B. terrestris (≤ 8 days

old) survived after B. vestalis female invasion. Bombus vestalis females should only kill the workers with the

highest likelihood of trying to reproduce themselves. These workers will be the first to compete with her for

reproduction, as they eat non-self-laid eggs (Fisher 1987). Sramkova & Ayasse (2009) showed that B. vestalis

females are able to discriminate and kill the oldest workers according to the presence/absence of fertility signals

(Sramkova et al. 2008). This worker discrimination ability helps the parasitic females to maximize their own

reproductive success. The same authors also demonstrated that the size of a host colony largely determines the

invasion success and survival rate of a Psithyrus female (Sramkova & Ayasse 2009). Increasing the host colony

size will increase the potential reproductive success of the inquiline but also the chances of being killed by the

host workers (Fisher 1984, 1987; Sramkova & Ayasse 2009). The usurper needs therefore to find the right

compromise. Moreover, it is essential for the Psithyrus female to be able to fully dominate the host for as long as

possible to maximize her reproductive success which becomes difficult with larger numbers of workers (van

Honk et al. 1981). Sramkova & Ayasse (2009) have shown that colonies of about 5-10 workers provided the best

invasion rate for B. vestalis females. This colony size maximizes reproductive success and minimizes the

chances of the Psithyrus female to be ejected, which is confirmed by our results. This method was always

successfull (n=14).

The interactions between B. vestalis and B. terrestris were clearly more aggressive than the interactions between

B. pratorum and B. sylvestris despite the fact that B. pratorum often presented more workers than B. terrestris

colonies. The type of interaction between cuckoo bumblebee and their hosts are not always clear cut (Fisher

1988), however, our behavioral observations confirmed the previous ethological investigations made on both

systems (Sladen 1915; van Honk et al. 1981; Küpper & Schwammberger 1995). Küpper and Schwammberger

(1995) noted that B. pratorum/B. sylvestris interactions can also be quite aggressive. They hypothesized that the

physiological (i.e. sexual maturity) state of the cuckoo females may also explain the type of interactions they

exhibit with their hosts. 

As previously described by different authors (van Honk et al. 1981; Fisher 1988; Sramkova & Ayasse 2009), our

results showed that the invasion of B. vestalis females often leads to the death of the workers who tried to attack
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them but also to the death or ejection of the host queen within a few days. This was never the case with B.

sylvestris females which confirms the observations of Hoffer (1889) and Küpper & Schwammberger (1995).

Psithyrus reproductive success

We managed to produce 895 males and 212 virgin females of B. vestalis in 10 B. terrestris host nests invaded by

reproductive parasite females, and 65 males and 18 females of B. sylvestris in 4 B. pratorum host nests invaded

reproductive parasite females. On average, a parasitized colony of B. terrestris produced 90±9 young males and

21±3 young females of B. vestalis (Table 2), whereas a parasitized colony of B. pratorum produced 16±2 young

males and 5±1 young females of B. sylvestris (Table 3). We found that Psithyrus reproductive success is

positively correlated with the number of workers available in the host colony (correlation coefficient=0.93;

Figure 3). Our results demonstrate a high reproductive success of Psithyrus females, especially for B. vestalis,

with a high correlation between the number of workers produced and the number of Psithyrus offspring

emerged. These results agree with the study of Küpper & Schwammberger (1995) on B. sylvestris reproduction

but are not in accordance with the previous study of van Honk et al. (1981) on B. vestalis reproduction. In the

two parasitized colonies of B. terrestris studied by van Honk et al. (1981), only 6 males and 3 females of

cuckoos emerged in the first colony and 26 males and 57 females of B. vestalis emerged in the second one,

despite the fact that both colonies produced respectively 150 and 217 host workers. It seems that the correlation

we found is only valuable when the Psithyrus female invades small colonies of few young workers. Van Honk et

al. (1981) introduced the cuckoos in bigger colonies, with larger brood and consisting of 40 workers in the first

one and 27 workers in the second one. These authors noticed high rates of aggressive interactions between

workers and the cuckoo females but also high rates of cuckoo egg and larvae rejections. Even if both Psithyrus

females succeed in invading B. terrestris colonies, it seems that they were not able to fully dominate the host

workers, mostly because of the age and size of both colonies. Kreuter et al. (2012) showed that Psithyrus

females are only able to dominate host workers and to inhibit their ovary development when they had direct

contact to the workers. Therefore, the larger the host colonies are the more difficult it is for parasite females to

inhibit worker reproduction. It is also confirmed by the presence of worker produced males in both colonies

studied by van Honk et al. (1981) while our colonies parasitized by B. vestalis never produced host males and

brood rejection came from the cuckoo females and not from the host workers. These results confirm that our

method enables full domination of Psithyrus females over host workers.

INSERT HERE FIG.3, 8cm BW one column

In parasitized colonies of B. pratorum, we also noted host sexual offspring (male and female) emergence but
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only before parasite offspring emergence. These results confirm the conclusions of Küpper & Schwammberger

(1995) that the queen-tolerant inquiline B. sylvestris allows host reproduction but only before the first parasitic

eggs are laid.

INSERT HERE TAB. 22

The differences in the reproductive success of B. sylvestris and B. vestalis can be explained by two main reasons.

Firstly, B. sylvestris females partly tolerate host reproduction (Table 3) so host workers do not only care for the

parasite offspring. Whereas colonies parasitized by B. sylvestris females all produced both host and parasite

sexuals, no sexuals of B. terrestris hatched in parasitized colonies. Secondly, B. pratorum colonies don’t have

the same reproductive potential as B. terrestris colonies. Nest sizes of B. pratorum rarely reach more than 40

workers (Løken 1973) whereas B. terrestris nests can contain hundreds of workers (Goulson et al. 2001). The

fact that host worker resources are less important and not totally allocated to parasite reproduction may explain

why B. sylvestris females had a lower reproductive success than B. vestalis females.

INSERT HERE TAB. 3

Our data on Psithyrus reproductive success also show that sex ratios in both cuckoo species are male biased with

a tendency to protandry. Females of B. vestalis produced a median of 81% of males (range 79-85%) and 79% of

males (range 74-85%) for B. sylvestris. These results are not always in accordance with literature data. In fact,

Bourke (1997) concluded in his review of bumblebee sex ratios that Psithyrus sex ratio was consistently female

biased at the opposite of non-parasitic Bombus species. The sex ratios observed could also be artefactual due to

laboratory-reared conditions (De Jonghe Roland, pers. com.). 

INSERT HERE FIG.4, 12cm BW centered

We further noticed that B. vestalis male brood has shorter development time (31±2 days) than the female brood

(35±2 days) (Figure 4). If we compare these results to the times of cuckoo male and female emergence (Table 2),

we can approximately say that B. vestalis females start to lay male and female eggs respectively 4 and 10 days

after invasion on average. However we observed that the first Psithyrus egg cells were often composed of a mix

of cuckoo male and female eggs (Figure 5). Using the development times of B. sylvestris (males: 14-19 days,

females: 22-27 days) measured by Küpper & Schwammberger (1995) we can also confirm that B. sylvestris

females start to lay male and female eggs approximately at the same time but with a higher proportion of males

at the beginning of the egg laying period. Several studies have previously demonstrated that CO2 narcosis can

sometimes affect reproduction depending on CO2 concentration and narcosis timing (Röseler 1985, Tasei 1994).

However the observed colonies with narcosed B. vestalis females (colony 1) and non-narcosed B. vestalis

females (colony 2-10) showed similar results. As far as we have observed, our results cannot be explained by the
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CO2 treatment.

INSERT HERE FIG. 5, 14cm BW centered

Psithyrus mating and hibernation success

Our results show a striking difference in the copulation durations between the cuckoo bumblebees and their hosts

(Figure 6). We found significant differences in the mating duration between the different species (Kruskall

Wallis, df=3, p<0.001). However we found no difference among the Psithyrus species or among the non

parasitic Bombus species. Whereas Psithyrus species took on average nearly 3 min to copulate the other Bombus

needed on average more than 26 min.

INSERT HERE FIG. 6, 8cm BW one colum

Our results on the mating durations of hosts are in accordance with literature (Djegham et al. 1994; Duvoisin et

al. 1999; Brown & Baer 2005; Amin et al. 2009), but to our knowledge it is the first study that investigated

cuckoo bumblebee mating durations.

At the opposite of honey bees, where copulation takes more or less a few seconds (Koeniger & Koeniger 1991;

Winston 1991), copulation duration in non-parasitic bumblebees is unexpectedly long, despite the high costs

(energetic loss, predator exposure) that it entails (Brown & Baer 2005). Prolonged copulation behavior in

bumblebees is therefore hypothesized to be under selection due to high risk of sperm competition or to allow

males to manipulate females (Simmons 2001). For example, in B. terrestris, sperm transfer takes not more than 2

minutes and the mating plug transfer takes about 10 minutes whereas the mean copulation duration is about 36.9

minutes (Duvoisin et al. 1999). Both traits seem thus unlikely to explain such long copulation durations (Brown

& Baer 2005). Male facilitation of sperm migration into the female spermatheca, whether physically, chemically

or by mate guarding, seems the most likely reason for long copulations (Djegham et al. 1994), however a general

adaptive explanation is still lacking (Brown & Baer 2005). It is therefore difficult to explain, without further

studies, such a large difference in the mean copulation duration between parasitic and non-parasitic bumblebees.

We can, however, hypothesize that Psithyrus males don’t produce mating plugs or don’t play an active role in

sperm migration into the spermatheca.

Concerning the hibernation success of Psithyrus females with our rearing method, no precise data has been

registered. However, for B. vestalis, we can confirm that more than 50% of the hibernated females survived from

hibernation and were able to reproduce after CO2 narcosis. We managed to produce successfully 2-3 generations

per year. 

The rearing method described here has also been successfully used in other studies to rear B. norvegicus the
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cuckoo of B. hypnorum (Zimma et al. 2003) and B. bohemicus the cuckoo of B. lucorum (Kreuter et al. 2010,

2012). This technique should thus work with other Psithyrus species as well. 

To conclude, rearing cuckoo bumblebees (s.g. Psithyrus) should be successful with the next conditions: (i) The

Psithyrus should be established in their species-specific host nest; (ii) The invasion of the Psithyrus queen

should be performed in host colonies containing no more than 5-10 young workers; (iii) For mating, the sexuals

should be exposed to natural light; (iv) The mated queens should be overwintered in a cold room (or a fridge) at

4°C for 2-4 months. If the hibernation is too short, one or two 30 min CO2 narcoses should be used.

Acknowledgments

The authors acknowledge the Fonds pour la Recherche dans l’Industrie et l’Agriculture (FRIA) and the German Science

Foundation (AY 12/2-1, AY 12/2-2) for financial support. We are also grateful to Biobest for having provided the colonies of

Bombus terrestris and to Roland De Jonghe for his comments.

References

Alford DV 1975. Bumblebees. London: Davis-Poynter Ltd.

Amin MR, Than KK, Kwon YJ 2009. Copulation duration of bumblebee Bombus terrestris

(Hymenoptera: Apidae) : Impacts on polyandry and colony parameters. Journal of Asia-

Pacific Entomology 12: 141-144.

Brandt M, Foitzik S, Fischer-Blass B, Heinze J 2005. The coevolutionary dynamics of

obligate ant social parasite systems - between prudence and antagonism. Biological

Reviews 80: 1-17.

Bourke AFG 1997. Sex ratios in bumble bees. Philosophical Transactions of the Royal

Society of London B 352: 1921-1933.

Brown MJF, Baer B 2005. The evolutionary significance of long copulation duration in

bumblebees. Apidologie 36: 157-167.

Bunk E, Sramkova A, Ayasse M 2010. The role of trail pheromones in host nest recognition

of the social parasitic bumblebees Bombus bohemicus and Bombus rupestris

(Hymenoptera: Apidae). Chemoecology 20: 189-198.

Buschinger A 1986. Evolution of social parasitism among ants. Trends in Ecology and

Evolution 1: 155-160.

Cervo R 2006. Polistes wasps and their social parasites: an overview. Annales Zoologici

Fennici 43: 531-549.

Djegham Y, Verhaeghe J-C, Rasmont P 1994. Copulation of Bombus terrestris auct.

(Hymenoptera, Apidae); preliminary results. Journal of apicultural Research 33: 15-20.

Duchateau MJ 1989. Agonistic behaviours in colonies of the bumblebee Bombus terrestris.



11

PhD thesis, Utrecht: University of Utrecht: 77-98.

Duvoisin N, Baer B, Schmid-Hempel P 1999. Sperm transfer and male competition in a

bumblebee. Animal Behavior 58: 743-749.

Eijnde J, de Ruijter A, Van den Steen J 1991. Method of rearing Bombus terrestris

continuously and the production of bumble bee colonies for pollinating purposes. Acta

Horticulturae 288: 154-158.

Fisher RM 1984. Dominance by a bumble bee social parasite (Psithyrus citrinus) over

workers of its host (Bombus impatiens). Animal Behavior 32: 304-305.

Fisher RM 1987. Queen-workeer conflict and social parasitism in bumble bees

(Hymenoptera: Apidae). Animal Behavior 55: 1026-1036.

Fisher RM 1988. Observations on the behaviors of three European cuckoo bumble bee species

(Psithyrus). Insectes Sociaux 35: 341-354.

Goulson D, Hughes WHO, Derwent LC, Stout JC 2001. Colony growth of the bumblebee,

Bombus terrestris, in improved and conventional agricultural and suburban habitats.

Oecologia 130: 267-273.

Gretenkord C, Drescher W 1997. Successful colony foundation and development of

experimentally hibernated Bombus terrestris queens depending on different starting

methods. In Proceedings of the 7th International Symposium on Pollination. Edited by

K.W. Richards. Acta Horticulturae, p. 271-276.

Hamilton IM, Dill LM 2002. Three-player social parasitism games: implications for resource

defense and group formation. The American Naturalist 159: 670-686.

Hoffer E 1889. Die Schmarotzerhummeln Steiermarks. Lebensgeschichte und Beschreibung

derselben. Mitteilungen des Naturwissenschaftlicher Vereins Steiermark 25: 82-158.

Koeniger N, Koeniger G 1991. An evolutionary approach to mating behaviour and drone

copulatory organs in Apis. Apidologie 22: 581-590.

Kreuter K, Twele R, Francke W, Ayasse M 2010. Specialist Bombus vestalis and generalist

Bombus bohemicus use different odour cues to find their host Bombus terrestris. Animal

Behavior 80: 297-302.

Kreuter K, Bunk E, Lückemeyer A, Twele R, Francke W, Ayasse M 2012. How the social

parasitic bumblebee Bombus bohemicus sneaks into power of reproduction. Behavioral

Ecology and Sociobiology 66: 475-486.

Kukuk PF, Kilgore JDL, Frappell PB 1997. Larval ejection behavior in Bombus occidentalis

in response to CO2- or N2-induced narcosis. Journal of the Kansas Entomological Society



12

70: 359-361.

Küpper G, Schwammberger KH 1995. Social parasitism in bumble bees (Hymenoptera,

Apidae): observations of Psithyrus sylvestris in Bombus pratorum nests. Apidologie 26:

245-254.

Kwon YJ, Than KK, Suh SJ 2006. New method to stimulate the onset of Bombus terrestris

(Hymenoptera: Apidae) rearing: Using worker helpers in the presence of frozen pupae.

Entomological Research 36:202–207.

Kwon YJ, Saeed S, Duchateau MJ 2003. Stimulation of colony initiation and colony

development in Bombus terrestris by adding male pupa: the influence of age and

orientation. Apidologie 34:429–437.

Lenoir A, D’Ettorre P, Errard C, Hefetz A 2001. Chemical ecology and social parasitism in

ants. Annual Review of Entomology 46: 573-599.

Lecocq T, Lhomme P, Michez D, Dellicour S, Valterová I, Rasmont P 2011. Molecular and

chemical characters to evaluate species status of two cuckoo bumblebees: Bombus

barbutellus and Bombus maxillosus (Hymenoptera, Apidae, Bombini). Systematic

Entomology 36: 453–469.

Lhomme P, Ayasse M, Valterová I, Lecocq T, Rasmont P 2012. Born in an Alien Nest: How

Do Social Parasite Male Offspring Escape from Host Aggression? PLoS ONE 7(9):

e43053. doi:10.1371/journal.pone.0043053 

Løken A 1973. Studies on Scandinavian bumblebees (Hymenoptera, Apidae). Norsk

entomologisk Tidsskrift 20: 1-218.

Lorenzi MC 2003. Social wasp parasites affect the nestmate recognition abilities of their hosts

(Polistes atrimandibularis and P. biglumis, Hymenoptera, Vespidae). Insectes Sociaux 50:

82-87.

Lorenzi M.C 2006. The result of an arms race: the chemical strategies of Polistes social

parasites. Annales Zoologici Fennici 43: 550-563.

Martin SJ, Carruthers JM, Williams PH, Drijfhoutb FP 2010. Host specific social parasites

(Psithyrus) reveal evolution of chemical recognition system in bumblebees. Journal of

Chemical Ecology 36: 855-863.

Michener CD 2007. The Bees of the World. 2nd Ed. Johns Hopkins University Press,

Baltimore, MD. 953 pp.

Nash DR, Boomsma JJ 2008. Communication between hosts and social parasites. In:

Sociobiology of communication: an interdisciplinary perspective. Hughes DP: Oxford



13

University Press. pp. 55-79.

Plowright RC, Jay SC 1966. Rearing bumble bee colonies in captivity. Journal of Apicultural

Research 5: 155-165.

Pomeroy N, Plowright RC 1979. Larval ejection following CO2 narcosis of bumble bees

(Hymenoptera: Apidae). Journal of the Kansas Entomological Society 52: 215-217.

Pomeroy N, Plowright RC 1980. Maintenance of bumble bee colonies in observation hives

(Hymenoptera: Apidae). Canadian Entomologist 112: 321-326.

Pouvreau A 1993. Recherches sur les bourdons. Apidologie 24: 448-449. 

Ptácek V 1991. Trials to rear bumble bees. In 6th Pollination Symposium. Acta Horticulturae,

p. 144-148.

Regali A 1996. Contribution à l’étude des besoins alimentaires en stéroïdes de Bombus

terrestris (L.). PhD thesis, Mons (Belgium): Université de Mons-Hainaut, 198 p.

Röseler PF 1985. A technique for year-round rearing of Bombus terrestris (Apidae, Bombini)

colonies in captivity. Apidologie 16: 165-170.

Röseler P-F, Röseler I 1977. Dominance in bumblebees. Proceedings of the 8th International

Congress of the International Union for the Study of Social Insects, 232-235.

Röseler P-F, Röseler I, Van Honk CGJ 1981. Evidence for inhibition of corpora allata

activity in workers of Bombus terrestris by a pheromone from the queen’s mandibular

glands. Experientia 37: 348–351.

Savolainen R, Vepsäläinen K 2003. Sympatric speciation through intraspecific social

parasitism. Proceedings of the National Academy of Sciences 100: 7169-7174.

Simmons LW 2001. Sperm Competition and Its Evolutionary Consequences in the Insects.

Monographs in Behaviour and Ecology. Princeton University Press, Princeton. 448 pp

Sladen FWL 1912. The Humble-Bee, its life-history and how to domesticate it, with

descriptions of all the British species of Bombus and Psithyrus. London: MacMillian, 283

p

Sladen FWL 1915. Inquiline bumble-bees in British Columbia. Canadian Entomologist 47:

84.

Sramkova A, Schulz C, Twele R, Francke W, Ayasse M 2008. Fertility signals in the

bumblebee Bombus terrestris (Hymenoptera: Apidae). Naturwissenschaften 95(6): 515-

522.

Sramkova A, Ayasse M 2009. Chemical ecology involved in invasion success of the cuckoo

bumblebee Bombus vestalis and workers of its host Bombus terrestris. Chemoecology 19:



14

55-62.

Tasei JN 1994. Effect of different narcosis procedures on initiating oviposition of pre-

diapausing Bombus terrestris queens. Entomologia Experimentalis et Applicata 72: 273-

279.

Tasei JN, Aupinel P 1994. Effect of photoperiodic regimes on the oviposition of artificially

overwintered Bombus terrestris L. queens and the production of sexuals. Journal of

Apicultural Research 33: 27-33.

Van Honk C, Röseler PF, Velthuis H, Malotaux M 1981. The conquest of a Bombus terrestris

colony by a Psithyrus vestalis female. Apidologie 12: 57-68.

Van Honk CGJ, Velthuis HHW, Röseler PF, Malotaux ME 1980. The mandibular glands of

Bombus terrestris queens as a source of queen pheromones. Entomologia Experimentalis

Et Applicata 28: 191-198.

Velthuis HHW, van Doorn A 2006. A century of advances in bumblebee domestication and

the economic and environmental aspects of its commercialization for pollination.

Apidologie 37: 421-451.

Vergara CH, Schroder S, Almanza MT, Wittmann D 2003. Suppression of ovarian

development of Bombus terrestris workers by B. terrestris queens, Psithyrus vestalis and

Psithyrus bohemicus females. Apidologie 34: 563-568.

Wilson EO 1971. The Insect Societies. Cambridge, MA: Belknap Press of Harvard Univ.

Press, 548 p.

Williams PH 1998. An annotated checklist of bumble bees with an analysis of patterns of

description (Hymenoptera: Apidae, Bombini). Bulletin of The Natural History Museum,

Entomology Series 67: 79-152.

Winston ML 1991. The Biology of the Honey Bee. Cambridge, MA: Harvard University

Press.

Zimma BO, Ayasse M, Tengo J, Ibarra F, Schulz C, Francke W 2003. Do social parasitic

bumblebees use chemical weapons? Journal of Comparative Physiology 189: 769-775.

Zweden van JS, d’Ettorre P 2010. “Nestmate recognition in social insects and the role of

hydrocarbons,” in: Blomquist GJ, Bagneres AG (eds.). Insect Hydrocarbons. Cambridge:

Cambridge University Press, p. 222-243.

Table 1: Number of host workers present in the nest before cuckoo invasion and number of

host workers killed by the cuckoo after invasion in 10 colonies of B. terrestris parasitized by
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B. vestalis and in 4 colonies of B. pratorum parasitized by B. sylvestris.

B. vestalis B. sylvestris

Colony Nb of workers workers killed Nb of workers workers killed

1 5 0 11 0

2 9 3 9 0

3 5 5 8 0

4 10 6 13 0

5 7 2 - -

6 9 1 - -

7 5 0 - -

8 10 2 - -

9 5 3 - -

10 8 4 - -

m ± s.d. 7 ± 1 3 ± 1 10 ± 1 0
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Table 2: Number of host workers produced, number and emergence period of cuckoo

offspring in 10 colonies of B. terrestris parasitized by B. vestalis.

Number
Number of B. vestalis

emergences
First and last day of B. vestalis

emergence

Colony host workers Males Females Males Females

1 44 92 18 33 49 40 46

2 81 117 30 38 69 44 61

3 89 133 36 38 71 48 67

4 69 90 21 39 62 55 58

5 72 111 28 35 72 44 69

6 56 52 9 28 46 42 54

7 63 74 19 31 45 46 53

8 41 88 13 35 43 49 57

9 27 37 7 37 58 49 52

10 64 101 31 34 71 36 62

m ± s.d. 61 ± 6 90 ± 9 21 ± 3 35 ± 1 59 ± 4 45 ± 2 58 ± 2

Table 3: Number of workers produced, number and emergence period of host and cuckoo offspring in 4 colonies

of B. pratorum parasitized by B. sylvestris.

Host emergence B. sylvestris emergence

Number of hosts First and last day Number of cuckoos First and last day

Colony Workers Males Females Males Females Males Females Males Females

1 20 4 2 11 18 24 25 17 6 28 38 33 39

2 16 5 1 17 22 25 25 11 2 25 31 29 30

3 14 4 1 21 22 23 23 14 4 26 39 29 33

4 24 7 3 19 24 29 34 23 6 30 43 39 44

m ± s.d. 19 ± 2 5 ± 0.4 2 ± 0.3 17 ± 1 22 ± 1 25 ± 1 27 ± 2 16 ± 2 5 ± 1 27 ±1 38 ± 2 33 ± 1 37 ± 2



17

Legends of the figures :

Figure 1 : Bombus terrestris or B. pratorum colony initiation box

Figure 2 : Bombus terrestris or B. pratorum colony development box also used for inquiline introduction.
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Figure 3: Number of sexuals produced by a Psithyrus female in function of the number of host workers

produced during a colony cycle (R=0.93, n=14). Triangles: B. sylvestris hosted by B. pratorum; Circles : B.

vestalis hosted by B. terrestris.

Figure 4: Development time of B. vestalis brood.
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Figure 5: Development of the cuckoo brood in a sample colony (colony 1) of Bombus terrestris parasitized by

Bombus vestalis. The appearance of egg cells and the emergence of adults are shown cumulatively.

Figure 6: Copulation duration (in min.) of several species of parasitic and non-parasitic bumblebees.




