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ABSTRACT 

Worker drift, a behavior where individuals leave their natal colony to reside in another 

conspecific colony, has been given both adaptive and maladaptive explanations in social 

hymenopterans. This behavior is typically attributed to disorientation in commercially managed 

honey bees where it can increase disease transfer and negatively impact colony fitness. 

Alternatively, it has been shown that bumble bee and honey bee drifters are producing males in 

the foreign colony. This suggests individuals may be escaping policing in their natal colony in 

order to increase their own fitness. Drifters act as social parasites by not working in the foreign 

colony and reproducing despite potential retaliation. The mechanisms that allow drifters to go 

undetected in the foreign colony are still unclear. In this study, we further explore the hypothesis 

that drift is a reproductive strategy for individual workers in the bumble bee, ​Bombus impatiens 

Cresson, 1863, by looking at its relationship to worker size. We predict that larger workers’ 

fertility will increase their propensity to drift. We found that larger workers are more likely to 

drift and those drifters are larger than both in-nest workers and foragers from their natal colony. 

This result provides further support that drifting in bumble bees functions as an alternate 

reproductive strategy.  
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Introduction 

Cooperative groups often evolve cheaters that reap the benefits of living in cooperative groups 

without cooperating themselves ​(Dugatkin, 1997) ​. Such freeloading is particularly interesting in 

eusocial groups where it often persists at low frequencies ​(Riehl & Frederickson, 2016) ​ despite 

the fact that it may lead to retaliation against the freeloader: e.g. ‘policing’ in social 

Hymenopterans, where aggressive behaviors are directed at reproducing (and thus selfish) 

workers ​(Ratnieks & Visscher, 1989) ​.  

In this study, we examined a behavior that may represent a compromise between selfish behavior 

and reducing the risk of punishment in one’s own group: worker drift. ‘Drift’ occurs when an 

individual worker enters another non-natal nest of the same species and resides there for part of 

or the remainder of her life ​(Birmingham et al., 2004; Free, 1958) ​. Worker drift has been 

observed in many social bee species, from facultatively social halictids to the eusocial honey 

bees ​(Free, 1958; Goerzen et al., 1995; Oliveira et al., 2016; Stephens et al., 2017; Sumner et al., 

2010; Ulrich et al., 2009) ​. 

Three explanations for drifting have been proposed. First, drifting may be a maladaptive 

consequence of high nest densities: this could occur, for example, if workers are disoriented and 

enter a non-natal nest by mistake. This has been argued to apply to commercially managed bee 

species (e.g. ​Apis spp., Bombus spp., Megachile rotunda, Tetragonula carbonaria ​), where 

unnaturally dense aggregations of visually-similar nests might lead to high rates of drift ​(Free, 

1958; Goerzen et al., 1995; Stephens et al., 2017) ​. In managed honey bees, drifting was reduced 

when hives were in different orientations and painted different colors ​(Free, 1958) ​. However, 

studies in more natural distributions (i.e. less dense) also reported drifting, which suggests that 

https://www.zotero.org/google-docs/?Kth6uB
https://www.zotero.org/google-docs/?S5PjkC
https://www.zotero.org/google-docs/?GA0BO2
https://www.zotero.org/google-docs/?5FKbtS
https://www.zotero.org/google-docs/?f9QwJi
https://www.zotero.org/google-docs/?f9QwJi
https://www.zotero.org/google-docs/?C1rayk
https://www.zotero.org/google-docs/?C1rayk
https://www.zotero.org/google-docs/?z6KcVQ
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this behavior extends beyond artificial aggregations in bumble bees ​(Zanette et al., 2014) ​. 

Additionally, drifting still occurred in bumble bees housed in commercial greenhouses regardless 

of orientation cues ​(Birmingham & Winston, 2004) ​.  

Thus, the second proposed hypothesis for drifting is that workers reproduce in other colonies, 

thus effectively behaving like social parasites. There is evidence of successful reproduction by 

drifters in honey bees and bumble bees ​(Lopez-Vaamonde et al., 2004; Nanork et al., 2005) ​, 

where workers escape the policing of worker reproduction in their natal colony. Third, if closely 

related colonies are in relatively dense aggregations, drifters might gain indirect fitness by 

tending brood from multiple colonies. This might be a particularly beneficial bet-hedging 

strategy if nest survival is stochastic because it spreads the worker’s investments and thus 

reduces risk of total loss. For example, in polistine wasps where frequent whole-nest predation is 

common ​(Sumner et al., 2010) ​.  

In this study, we looked more closely at drifting in the eusocial bumble bee species, ​Bombus 

impatiens ​. Bumble bee workers within their natal colonies can produce males to increase their 

direct fitness, but the proportion of successful laying workers varies between species ​(Bourke, 

1988) ​. Bumble bee drifters found in non-natal colonies are more likely to have developed ovaries 

(Birmingham et al., 2004), supporting the idea that drifting may have evolved as a 

fitness-increasing behavior. Reproduction by workers is typically policed by other workers and 

the queen by either egg-eating or aggressive behavior towards laying workers ​(Ratnieks & 

Visscher, 1989) ​. Drifting may be more likely towards queenless colonies, where policing would 

be diminished in some taxa ​(Chapman et al., 2009; Miller III & Ratnieks, 2001) ​. Conversely, 

https://www.zotero.org/google-docs/?O8OZjo
https://www.zotero.org/google-docs/?tnLkod
https://www.zotero.org/google-docs/?0P8EZw
https://www.zotero.org/google-docs/?jt7LTO
https://www.zotero.org/google-docs/?yusRto
https://www.zotero.org/google-docs/?yusRto
https://www.zotero.org/google-docs/?joB59h
https://www.zotero.org/google-docs/?joB59h
https://www.zotero.org/google-docs/?AIu0oc


8 

bumble bee drifters have been shown to move to colonies with higher worker and brood 

numbers, as well as more food stores (Birmingham et al., 2004).  

It is unclear how drifters escape detection. Successful drifters may be behaviorally adapted to 

better infiltrate nests compared to other bees. For example, bumble bee drifters are more 

aggressive individuals and more fertile ​(Lopez-Vaamonde et al., 2004) ​. Failure by the foreign 

colony to recognize drifters as non-nestmates must also play a role in drifter success. Drifting 

attempts have been shown to be less successful with increased distance from the natal colony in 

bumble bees, which suggests that colonies in close proximity are more prone to nestmate 

recognition error either by the drifter or the foreign colony ​(Zanette et al., 2014) ​. 

Worker size may also play a role in successful drifting. Bumble bee colonies exhibit a high and 

continuous size variation among workers (Alford 1975) --up to 10-fold by weight (Goulson 

2003). Possible adaptive functions for bumble bee size variation are not fully understood, but it 

could increase colony efficiency through worker specialization via comparative advantage and 

size-specific costs (Kelemen and Dornhaus Submitted). In this eusocial system, smaller workers 

are more likely to perform within-nest tasks and larger workers are more likely to forage and are 

more efficient (Goulson et al. 2002). In bumble bees and wasps, larger workers have more 

developed ovaries ​(Holman, 2014; Jandt & Dornhaus, 2011; Röseler et al., 1984; Ross, 1985; 

Turillazzi & Pardi, 1977) ​. In addition to larger ovaries, large bumble bee workers tend to display 

more aggressive behaviors ​(Ayasse et al., 1995) ​ and lay eggs ​(Doorn, 1989)​. Workers that lay 

eggs tend to spend less time foraging ​(Honk et al., 1981) ​ and more time inactive ​(Jandt & 

Dornhaus, 2011)​.  

https://www.zotero.org/google-docs/?DcjIqC
https://www.zotero.org/google-docs/?xVAFKG
https://www.zotero.org/google-docs/?EhrvF0
https://www.zotero.org/google-docs/?EhrvF0
https://www.zotero.org/google-docs/?9FBJWN
https://www.zotero.org/google-docs/?NDJRiR
https://www.zotero.org/google-docs/?WhZWjA
https://www.zotero.org/google-docs/?Vr5JQX
https://www.zotero.org/google-docs/?Vr5JQX
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We tested if drifting in the bumble bee ​ Bombus impatiens ​ is linked to worker size by measuring 

workers and observing worker movement between colonies. The hypothesis that workers drift to 

reproduce in other colonies predicts that larger workers should be more likely to drift: this is 

because larger workers are more likely to be fertile, and may be more successful at dominance or 

aggressive behaviors. Alternatively, the hypothesis that drifters are disoriented and enter other 

colonies by mistake predicts that drifting bees will tend to be smaller individuals: smaller 

workers have smaller eyes, antennae, and brains, and this has been shown to have negative 

impacts on their orientation, stimulus recognition, and learning abilities ​(Mares et al., 2005; 

Spaethe & Chittka, 2003, 2003) ​, thus potentially leading to a higher probability of orientation 

mistakes. These hypotheses were tested using paired colonies with access to a shared foraging 

space where all workers were tagged and measured in order to record drifter movement between 

the colonies. 

 

Methods 

Colonies and Maintenance 

We obtained commercially produced bumble bee colonies ( ​Bombus impatiens ​) from Koppert           

(MI) and housed them in nest boxes (22cm x 11cm x 11cm) lined with pine cat litter (Nature’s                  

Earth Products, Inc., West Palm Beach, FL, U.S.A) to reduce moisture, and with a clear               

plexiglass lid to view the colony. We maintained colonies on a 12h: 12h light: dark cycle at 23*C                  

in the climate chamber experiment. In the greenhouse experiment, bees received natural light, i.e.              

light: dark cycles were under natural conditions for Arizona (September-November) and           

temperatures varied between 20-27°C. All colonies were allowed unrestricted foraging for pollen            

https://www.zotero.org/google-docs/?eR2v6y
https://www.zotero.org/google-docs/?eR2v6y
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(from either tomato plants in the greenhouse or commercially purchased fresh-frozen obtained            

from Koppert Inc. in the climate chamber experiment) and 2M sucrose solution. Colonies were              

supplemented regularly with ground pollen and sucrose solution in the nest, particularly when             

large amounts of workers were removed to be tagged and measured. 

Greenhouse Specifications 

We used a 5,000 ft​2 greenhouse at the Controlled Environment Agriculture Center, University of              

Arizona. The greenhouse conditions were subject to some environmental disturbance, as it was a              

space also used for teaching. These include the application of neem oil, minor disturbances to               

colonies (e.g. movement of nest boxes to accommodate student workers), supplemental lighting            

changes, and variation in plants available to bees which included, tomato, bell pepper, and              

cucumber plants. Colonies were kept on a platform approximately 40 cm from the ground and               

entrances positioned parallel to one another and 35 cm apart. Nest box entrances were marked               

uniquely for each colony (yellow star, blue triangle). Sucrose feeders were kept on the same               

platform as the nest boxes near nest entrances. 

Climate Chamber Specifications: 

A climate controlled chamber was used to better control and monitor colonies in a smaller space.                

We divided the climate chamber with a mesh curtain, which allowed for a partition between the                

nest boxes and foraging space (2.8m x 1.7m x 1.8m). Nest boxes were kept outside the foraging                 

space so we could access and observe them (Fig. 1). Bees were allowed access to the foraging                 

space via plastic tubing with nest entrances 1 m apart. Colonies were size matched so that each                 

colony had approximately 135 workers during the initial tagging and measuring period by             
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randomly selecting bees to cull. Colonies were kept on a platform approximately 40 cm from the                

ground and pollen and sucrose feeders were set up at an equal height inside the foraging space. 

 

 

Fig 1: Climate chamber specifications 
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Drifting Experiment 

We measured thorax width, a standard measurement of body size for bumble bees (Goulson 

2003), with digital calipers to the nearest 0.1 mm (Neiko Tools, USA) and tagged all workers 

with numbered plastic tags with colony-specific colors. Colonies were allowed access to smaller 

foraging arenas (75cm x 60cm x 40cm) for sucrose and pollen during the initial tagging and 

measuring period. After the tagging period, paired colonies were allowed unrestricted access to 

either 1) a greenhouse or 2) a climate controlled chamber both with ​ad libitum ​ food. In total, two 

colonies from each foraging space are included in the analyses.  We tagged and measured new 

workers on a weekly basis and males were removed. We observed colonies for 10 minutes each 

day and recorded new drifters by looking for non-matching color tags on bees in each colony. 

Bees found dead in the nest were marked as in-nest workers. Deceased bees found in the 

foraging space and bees observed foraging were recorded as foragers. Since most bees die 

outside the nest, deceased bees were not recorded as foragers if they were found in the front 

chamber of the nest box (Fig. 1). Colonies were frozen when worker production ceased. 

Additional drifters and in-nest workers were recovered from nest boxes and recorded. 

 

Statistical Analyses  

We used linear models (lm(Thorax.Width ~ workertype + Colony, data=alldata) in R) with body 

size (thorax width) as the response variable and worker type (either drifter vs. non-drifter or three 

levels, drifter, in-nest worker, and forager) as the main factor, with colony ID as a random factor. 

To compare the median size of drifters to other workers in each colony, we used 

Mann-Whitney-U-Tests separately for each colony (e.g. 
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wilcox.test(Colony1$Thorax.Width..mm.~Colony1types) in R). We used R version 3.6.1 ​( ​R: The 

R Project for Statistical Computing ​, n.d.) ​. 

 

Results 

Does body size affect the likelihood of drifting?: 

Larger bees were more likely to be drifters (LM, r ​2​=0.053, p<0.001, n=1067) with a colony level 

effect (p<.005 (all), n=4). Colonies 1 and 4 had significantly larger drifters compared to workers 

from their natal colony (Mann-Whitney-U, Colony 1: p=0.01, n=307; Colony 2: p=0.2751, 

n=216; Colony 3: p=0.7924,n=301; Colony 4: p<0.01, n=243) (Fig. 2). Additionally, drifters in 

the climate chamber experiment are larger than both in-nest workers (operationally defined as 

workers found dead in the nest) and foragers (defined as workers found dead outside the nest, i.e. 

in the climate chamber) (Fig. 3) (LM, r ​2​=0.052, p<0.0001 (both), n=387) with no significant 

colony-level effect (p<0.05 (both), n=2).  

https://www.zotero.org/google-docs/?n2nEGV
https://www.zotero.org/google-docs/?n2nEGV
https://www.zotero.org/google-docs/?n2nEGV
https://www.zotero.org/google-docs/?n2nEGV
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Fig. 2: Drifter sizes compared to all workers from their natal colony. Greenhouse: Colony 1 

(worker n=290, drifter n=17) Colony 2 (worker n=209, drifter n=7), Climate Chamber: Colony 3 

(worker n=297, drifter n=4), Colony 4 (worker n=236, drifter n=7). 
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Fig. 3: Drifters compared to foragers (defined as workers found dead outside the nest, i.e. in the 

climate chamber) and in-nest workers (operationally defined as workers found dead in the nest) 

from climate chamber colonies. Drifters are larger than both in-nest workers and 

foragers.Typically, we expect foragers to be the largest workers in the colony. However, foragers 

are the smallest in size of the three groups in this experiment. 

 

Discussion 

We found that drifters were larger than workers of their natal colony in two of four colonies. We 

also found that drifters were larger than foragers and in-nest workers in the climate chamber 
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experiment. The fact that drifters are larger in two colonies suggests that drifting in bumble bees 

is not due to disorientation. Instead, it is more likely to be an alternate reproductive strategy by 

which individuals are able to increase their own fitness by increasing their chance of reproducing 

in a foreign colony. Drifters may also be behaviorally adapted to infiltrate and successfully 

reproduce in a foreign colony as some studies have shown increased aggression in drifters 

(Lopez-Vaamonde et al., 2004) ​. There may be other underlying mechanisms to drifter success 

besides individual aggression. First, the lack of a colony-wide alarm in bumble bees along with 

increased drifter aggression may allow drifting to persist at low frequencies. Once a drifter has 

invaded, it may be costly for the foreign colony to remove them. Additionally, the propensity to 

produce selfish workers could be linked to a more aggressive colony-level personality. Indeed, 

there was a colony-level effect in our linear model predicting size by drifter and colony, which 

suggests that individuals are more likely to drift depending on which colony they came from. We 

accounted for colony size being linked to increased colony aggression (Birmingham et al., 2004) 

by size-matching worker populations for the climate chamber experiment. It is likely that many 

factors we’ve described, including colony and individual aggression, contribute to drifter 

success. 

Although the rates of successful drifting attempts aren’t well known, reproductive gains achieved 

by drifting seems to be one of a few explanations for why social insects attempt to enter 

non-natal colonies. For example, when foraging resources are scarce, commercially managed 

honey bees will enter other colonies to steal honey and then return to their natal colony ​(Fries & 

Camazine, 2001) ​. Other attempts to enter non-natal colonies fall under social parasitism. Some 

ant species will steal brood from neighboring colonies of either their own species (e.g. brood 

https://www.zotero.org/google-docs/?EJ5viy
https://www.zotero.org/google-docs/?Dn8iHz
https://www.zotero.org/google-docs/?Dn8iHz


17 

raiding) or a host species (e.g. slave-making) and raise them in their natal colony ​(Pollock & 

Rissing, 1989)​. Additionally, social bumble bees are parasitized by the closely related subgenus, 

Psithryus ​ Lepeletier, 1833, which are effectively workerless queens that parasitize social bumble 

bee species by laying male and queen eggs in the foreign colony. Aggressive behaviors range 

from killing the natal queen to seemingly coexisting within the colony ​(Free & Butler, 1959; 

Küpper & Schwammberger, 1995) ​. The latter behavior of social parasites is surprisingly similar 

to that of drifters and it has been suggested that drifters may be an evolutionary step towards 

obligate parasitism that is seen in this subgenus. 

Regardless of the potential adaptiveness of drift for individuals, there is evidence that it 

decreases natal colony fitness ​(Goodwin et al., 1994; Jay, 1968) ​. Aggressive interactions 

between the drifter and the foreign colony workers also may decrease the foreign colony’s 

fitness. One of the means by which drifting can reduce foreign colony fitness is by increasing 

disease transfer between colonies (Bordier et al., 2017) and increased mortality ​(Fries & 

Camazine, 2001) ​. 

Our results overall support the hypothesis that drifting may be part of a worker reproductive 

strategy in bumble bees; the hypothesis that it is caused by disorientation is not supported. 

Whether this is entirely selfish from the workers’ point of view, or contributes indirectly to 

colony fitness is unknown. The distribution of worker sizes in bumble bee colonies may thus, in 

part, be under selection to produce very large, aggressive workers as a semi-parasitic strategy.  

 

  

https://www.zotero.org/google-docs/?swUv1X
https://www.zotero.org/google-docs/?swUv1X
https://www.zotero.org/google-docs/?Yqx0IV
https://www.zotero.org/google-docs/?Yqx0IV
https://www.zotero.org/google-docs/?VNEhYz
https://www.zotero.org/google-docs/?MiXSvx
https://www.zotero.org/google-docs/?MiXSvx
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