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How to be
Waft swiftly in silence and lift
from the earth spring
and sprigs of lilac.
With each tongue-drop
let the sweetness
unfurl you.
Set your intentions
on shaking honey from the days.
Pollinate the world to fruition.
Nicholas Dorian, 2016
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CHAPTER 1
Effect of bumble bee queen body size on overwinter survival and colony
establishment
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ABSTRACT
Understanding the factors that limit bumble bee populations is necessary, especially
given the concerns over widespread declines. Queen body size varies across colonies and may be
an important determinant of overwinter survival and establishment success. Larger queens may
benefit during diapause because they can store more fat, and during colony establishment due to
higher foraging efficiency, thermoregulation, and fecundity. Here, I analyze the relationship
between body size (intertegular span) and overwinter survival and colony establishment for
bumble bees (Bombus impatiens). To measure overwinter survival, I evaluated changes in the
distribution of body size between fall and spring. Spring queens were significantly larger than
fall queens and more narrowly distributed about the mean. I estimated minimum mortality at
0.28 and the body size that maximized this rate was 7.54mm. To measure colony establishment, I
hand-reared queens in the lab under low- and high-food treatments and recorded success as
whether or not a single worker eclosed. Under low food, smaller queens were significantly better
at establishing colonies, but only 22% of queens were successful. Under high food, there was no
relationship between body size and success, and 36% of queens established. The loss of a
relationship under a high food regime suggests that smaller queens are better able to cope with
low food. Therefore, queen body size experiences a different selection pressure depending on the
life stage and environment. Future research is needed to investigate how these factors impact
these early life stages and its implication for bumblebee population viability.
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INTRODUCTION
Body size is an important determinant of survival and reproduction in animals
(Woodward et al. 2005, White et al. 2007). In insects, it is well known that natural selection and
sexual selection often favor larger body sizes (Kingsolver and Huey 2008). Within a species,
larger males are better able to attract and secure mates (Alcock et al. 1977, Cueva del Castillo et
al. 2015). Larger females are generally more fecund and have higher survival than smaller
individuals (Wiernasz and Cole 2003, Kovacs and Goodisman 2012, Gergs and Jager 2014). In
social insects, larger females have higher egg-laying rates (Haatanen and Sorvari 2013), fly
further to forage (Greenleaf et al. 2007), and will assume the majority of reproduction in multiple
foundress nests (Cervo et al. 2008).
Bumble bees are eusocial hymenoptera that form annual colonies around a queen. Within
the colony, queens are much larger than workers and assume the majority of the reproductive
responsibility. Across colonies, queens vary in body size (see: Owen 1988). From a colony
dynamics perspective, larger queens have been shown to produce more workers and larger
colonies, which in turn have a higher probability of reproducing (Pelletier 2003, e.g., Williams et
al. 2012). However, little attention has been paid to how variation in queen body size affects the
other half of the bumble bee life cycle. These early life-stages—overwinter survival and colony
establishment—have been poorly studied to date, and it is not clear if and how queen body size
affects their dynamics.
After queens disperse from their natal colonies in the fall, they must survive the winter on
fat reserves. The more fat the queen stores, the more likely she is to survive the winter, and the
longer the queen stays in diapause, the more fat she needs to survive (Alford 1969, Beekman et
al. 1998). In terms of body size, larger queens are able to store more fat and are therefore likely
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to have higher overwinter survival than smaller queens (Holm 1972). Beekman et al. (1998),
found that queens needed to weigh at least 0.6g before entering diapause in order to survive
under controlled conditions. Other studies have found similar survival thresholds for bumble
bees (Holm 1972, Vesterlund and Sorvari 2014). Indeed, this correlation between body size and
overwinter survival has been further corroborated, though no estimate of physiological limitation
was reported (Owen 1988, Gosterit and Gurel 2007, Inoue 2011). In addition, locating where
queens hibernate is notoriously difficult, which serves to explain the lack of field estimates of the
proportion of queens that survive the winter (Szabo and Pengelly 1973).
Body size is also likely to be under selection post-hibernation during the solitary
founding stage. Upon emergence, queens must replenish fat reserves and lay and provision eggs.
Larger queens can forage in colder temperatures due to better thermoregulation (Heinrich 1974)
and forage more efficiently (Harder 1983). This in turn allows queens to develop their ovaries
faster (Vogt et al. 1998) and spend more time incubating the brood, which increases the
likelihood of successful establishment. Protecting the colony at this stage from predators and
parasitic Psithyrus sp. cuckoo bees is also important for successful establishment (Richards
1978, Pelletier 2003). Larger queens have been shown to have a higher incidence of survival
against nest usurpers, thus securing the opportunity for reproduction at the end of the season
(Pelletier 2003). Despite these benefits to being larger, no study has found that larger queens
actually have an advantage in colony establishment over smaller queens (Beekman et al. 1998,
Gosterit and Gurel 2007).
I investigated if body size of bumble bee (Bombus impatiens) queens affects overwinter
survival and colony establishment. If larger queens have higher overwinter survival, then I would
expect the body size distribution of queens caught in the spring to have a higher mean and lower
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variance than that of fall queens. I also present a method for estimating overwinter survival from
the shift in body size distribution. To address colony establishment, I hand-reared queens under
two different food regimes (high vs. low) and recorded success as whether or not a single worker
eclosed. This study has implications for understanding the selective pressures on queen body size
and applying this understanding to the importance of early life stages for bumble bee
populations.
METHODS
1) Overwinter survival
In fall (from Oct. 10-Nov 4, 2014 and 2015) and spring (from Apr. 15-May 6, 2014 and
2015), I net-caught all the queens (B. impatiens) I could find on the Tufts University campus,
Medford, MA (42.4˚N, 71.1˚W). Fall queens were found foraging or searching for suitable
overwinter sites (2014, n = 9, 15 search hours; 2015, n = 6, 25 search hours). Spring queens were
also found either foraging or searching for nest sites (2014, n = 21, 30 search hours; 2015, n =
33, 35 search hours). Queens in both seasons were chilled at 3.5˚C for two hours upon collection,
then measured to the nearest 0.01mm for intertegular span (ITS) as an indicator of body size
(Cane 1987). I marked all fall queens using paint pens, and then released them. Spring queens, if
not carrying pollen, were kept for rearing (see Methods: Colony Establishment; Evans et al.
2007).
Queen bumble bees subsist on fat reserves during the winter, and it is thought that the
largest queens (the ones that have the potential to store the most fat) will survive the best (Alford
1969, Holm 1972). If I examine the distribution of body size between fall and spring queens
under this prediction, I expect a higher mean and less variation around that mean in the spring
compared to the fall. Therefore, overwinter survival can be estimated by comparing the change

10

in distribution of queen body size from fall to spring.
I found the expected body sizes assuming a normal distribution using observed means
and variances in fall and spring over 2014 and 2015. I analyzed the difference in body size
between fall and spring queens using a normal (Gaussian family, identity link) GLM and used
the Anova function in R to calculate significance tests for effects of body size and season on
survival (Fox and Weisberg, 2011). Since the spring queens had to have come from the fall
queens, the minimum mortality needed to convert one distribution to the other can be estimated
by comparing the two distributions (Figure 2). Specifically, over all sizes, the number of bees of
that size in the spring must be smaller than the number of bees of that size in the fall. I subtracted
the spring distribution * an unknown scaling factor from the fall distribution and searched over
all values of the unknown scaling factor to find the one that minimized the difference between
the two curves. In other words, the minimum overwinter mortality was the smallest scaling factor
that made the spring distribution “fit” just inside the fall distribution.

2) Colony establishment
I lab-reared newly emerged spring queens caught on the Tufts University campus in
spring 2014 (n = 31) and 2015 (n = 33; catching and measurement protocol outlined in Methods:
Overwinter survival). If queens did not carry pollen upon collection, I placed them in individual
ventilated nest boxes (15cm x 11.5cm x h. 7cm) at 55-60% humidity and 78-80˚F. I provisioned
queens with ad libitum sugar syrup (1:1 Prosweet:deionized water) (Mann Lake LTD,
Hackensack, MN) and fresh pollen (Brushy Mountain Bee Farm, Moravian Falls, NC), similar to
the methods proposed by Plowright and Jay (1966). In 2014, I fed bees 0.3g of pollen (hereafter,
“low-food treatment”), and 2.0g of pollen in 2015 (hereafter “high-food treatment”). I changed
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nectar cups and unused pollen every three days when nest boxes were cleaned of waste. Every
day queens were observed for whether or not they had laid eggs, if workers had emerged, or if
had queens died. I released queens that failed to show signs of egg laying after three weeks.
After the first worker emerged, I fed colonies just as much pollen as they could consume in a
single day (from 0.5-1.5g) (Figure 1).
I fit relationships between queen body size and establishment parameters using
Generalized Linear Models (glm function) in R (R Core Team 2013). Establishment was
modeled as binomial process (whether or not at least one worker emerged from pupation), using
logit link models. Parameter estimates and confidence intervals were calculated using the confint
function and back-transformed using the boot package (Canty and Ripley 2016). Worker number
and development time in days was fit as count data to a Poisson distribution with a log link. For
all three models, I used the Anova function in the car package in R to calculate significance tests
for effects of body size (Fox and Weisberg 2010).
	
  
RESULTS
1) Overwinter survival
Spring queens (mean = 6.82mm; n = 54) had significantly larger body size than fall
queens (mean = 6.20mm; n = 15) (Normal GLM; ANOVA Chi-square; 𝜒2 = 17.203, df = 1, p <
0.001) (Figure 2). Spring queens were more narrowly distributed about the mean (𝜎2 = 0.234)
than fall queens (𝜎2 = 0.369) (F-test; F = 1.572, p = 0.127). There were no significant differences
between years for body size in each season (Fall: Normal GLM, ANOVA Chi-square; 𝜒2 =
0.0497, df = 1, p = 0.824; Spring: Normal GLM; ANOVA Chi-square; 𝜒2 = 2.545, df = 1, p =
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0.11). Minimum overwinter mortality (scaling factor) was estimated at 0.28 (Figure 3), which
corresponds to a body size of 7.54mm (Figure 4).

2) Colony establishment
Under the low-food treatment, 22% of queens established colonies (n = 31) (Figure 5).
Smaller queens were better at establishing colonies than larger queens (Binomial GLM; ANOVA
Chi-square; 𝜒2 = 7.084 , df = 1, p < 0.01) (Figure 6). Time to laying eggs was significantly lower
for smaller queens (Poisson GLM; ANOVA Chi-square; 𝜒2 = 4.46 , df = 1, p < 0.05). The mean
development time of the brood showed a positive trend with body size (Poisson GLM; ANOVA
Chi-square; 𝜒2 = 2.076 , df = 1, p = 0.150). The number of workers produced in the first brood
was not correlated with queen body size (mean = 2.14; Poisson GLM; ANOVA Chi-square; 𝜒2 =
0.0278 , df = 1, p = 0.867).
In 2015, under the high-food treatment, 36% of queens established colonies (n =
33)(Figure 5). There was no relationship between queen body size and establishment success
(Binomial GLM; ANOVA Chi-square, 𝜒2 = 1.64 , df = 1, p = 0.202) (Figure 6), time to egg
laying (Poisson GLM; ANOVA Chi-square; 𝜒2 = 0.916 , df = 1, p = 0.338), development time
(Poisson GLM; ANOVA Chi-square, 𝜒2 = 0.0183 , df = 1, p = 0.893), or worker number
(Poisson GLM; ANOVA Chi-square, 𝜒2 = 1.62 , df = 1, p = 0.202).
There was no significant difference in establishment between food treatments (Binomial
GLM; ANOVA Chi-square, 𝜒2 = 1.47 , df = 1, p = 0.225) (Figure 5).
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DISCUSSION
My analyses demonstrate that queen body size influenced overwinter survival and colony
establishment at low food availability. The effects, however, were in opposite directions, and in
the case of colony establishment, depended on nutrition. Together, these results suggest that the
relationship between body size and fitness depends on both life history and environmental
context.
I estimated overwinter survival to be 0.28 based on the assumption that larger queens
have higher fitness during diapause. This assumption is supported by my results. Over two years
of fall and spring data, spring queens had a significantly higher mean and trended towards a
lower variance. This is the expected directional shift of body size distributions if larger queens
have higher fitness over the winter and size-based survival is occurring. Previous studies
examining the relationship between body size and queen bumble bee overwinter survival have
also found that larger queens are favored during diapause. In particular, three studies offer
threshold body sizes for queens to make it through hibernation: queens with an average weight of
0.727g did not survive in the first (Holm 1972, B. lapidarius and B. terrestris), whereas queens
needed to weigh at least 0.6g (Beekman et al. 1998, B. terrestris) and 0.4g (Vesterlund and
Sorvari 2014, B. lucorum) to survive in the others. These results are attributed to larger queens
being able to store more fat to make it through the winter (Alford 1969).
Compared to those from controlled overwintering experiments, my estimate for minimum
mortality—at most, 28% of queens survived—falls in the middle, which suggests that comparing
body size distributions is a reasonable way to estimate overwinter survival. Gosterit and Gurel
(2009) reported survival of 35.5% for B. terrestris over 105 day diapause at 4.5˚C. Beekman et
al. (1998) showed similar survival for six months at 5˚C, and reported between 0% and 3%
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survival at 0˚C. By estimating overwinter survival in the field, I was able to account for some
environmental variation affecting queen survival that these previous studies could not. In
Massachusetts, queens are in diapause for a minimum of six months (Nov.-Apr.) and experience
a diurnal variation in temperature. Therefore, comparing rates of survival under different
conditions must be done carefully. In addition, fat may be even more important for wild queens
than those under controlled conditions because of environmental variation. As climate change
continues to increase winter temperature variability, queens may be exposed to warmer
temperatures throughout diapause, which increases their metabolic rate and leads to faster
depletion of fat reserves (Hahn and Denlinger 2011). Under warming temperatures, larger queens
are expected to still have higher fitness than smaller queens because per gram of body weight
they will use less fat over the winter, however the intensity of selection on larger queens may be
greater (Roberts et al. 2004, Vesterlund and Sorvari 2014). On the other hand, temperature is
held constant in the laboratory, which could lead to an artificially high proportion of queens that
survive.
There have been even fewer studies that look at the role of queen size in establishment
success, and those that have, did not find a correlation (Beekman et al. 1998, Gosterit and Gurel
2007). My results partially agree with these findings. I found that under controlled conditions
smaller queens did best under a low-food regime, while, under high-food, body size was
unimportant for determining establishment success (Figure 6). This suggests that when earlyseason resources are scarce, smaller bodied queens do better. One explanation for this is that
smaller queens do not need as much food to develop their ovaries, so they can lay eggs sooner
(e.g., Richards 1994). Indeed, under the low-food regime, smaller queens laid their eggs sooner
than larger queens. Under the high food regime, this relationship was lost, supporting the
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explanation for small queen body size being favored under low food. In this case, being smaller
means that you can better withstand suboptimal spring conditions.
Since this establishment took place under controlled conditions, these results may not
completely reflect which queens do best in the wild. First, larger queens are known to better
thermoregulate (Heinrich 1974) and keep their brood under more stable temperatures than
smaller queens. In the lab, large temperature fluctuations were non-existent, and so the benefit to
being large in this case was lost. In addition, larger queens can better defend the nest against
invading cuckoo bees (Richards 1978, Pelletier 2003). Usurpation contests were not included in
my experiment, again taking the advantage away from larger queens. So in the lab, being large
may have presented more problems in the form of reaching daily metabolic requirements, than
benefits under early spring conditions.
There was no relationship between body size or treatment and any of the other
establishment parameters in either treatment, which suggests they are not driven by body size or
food. It is not surprising that mean worker production showed a trend to be lower under the lowfood treatment given the importance of nutrition for development (Pereboom 2000, Couvillon
and Dornhaus 2009). How this might affect future colony growth and reproduction was not
explored, but would be a valuable and interesting study. Fewer workers early on to collect
resources might mean colonies never reach the size needed to produce queens (e.g., Ings et al.
2006, Westphal et al. 2009). In a similar vein, a pulse of high food may lead to colony failure by
producing more workers than can be sustained during times of scarcity (Holt 2008).
Understanding the effect a pulse of resources for bumble bees (other than for the duration of the
growing season) is important not only for conservation of wild populations but also agricultural
operations that either rely on or use bumble bees to augment pollination.
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Colonies exhibit large variation in growth and reproduction post diapause and
establishment (see Chapter 2). Several studies have questioned whether this variation is due to
variation in foundresses and the conditions they faced during early colony stages. Foundress size
may increase the probability of producing queens in the fall (Pelletier 2003), though not the
number (Inoue 2011). Diapause length was not found to have an effect on early colony
characteristics that is directly under the queen’s control, but another study found that queens
under 3 month diapause regimes (compared to 2 or 5 months) reared longer-lived colonies (Amin
et al. 2011). In fact, it is likely that the influence the foundress queen has over late-colony
dynamics such as reproduction is subdued due to the presence of a large worker force
determining production of queens (Free 1955, Cnaani et al. 2002). Other factors besides the
foundress probably also affect colony reproduction such as maximum colony size (Westphal et
al. 2009, Williams et al. 2012), floral resources (Rundlöf et al. 2014), and colony longevity
(Lopez-Vaamonde et al. 2009).
Larger insects often have higher fitness due to increased fecundity and survival
(Kingsolver and Huey 2008). Increased development time and metabolic requirements, however,
can oppose this selection (Blanckenhorn 2000). This study adds one example of a benefit and
constraint to being large for bumble bees. My results suggest that depending on the colony life
stage, selection for queen body size is not always in the same direction. I found that larger
queens did better during diapause, but smaller queens had higher success under a low food
treatment during establishment. This supports that selection for queen body size across the
colony life cycle is not always in the same direction. Later in the colony life cycle in fact,
medium-sized queens may be the optimal body size class for sexual reproduction (Owen 1988).
Therefore, little evolution in queen body size should occur across generations, though it has been
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observed (Inoue 2011). Clearly, further exploration of size-based selection on queens in different
colony life stages and environmental contexts is warranted.
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Figure 1. Left: B. impatiens queen rearing set-up. Right: A successfully established colony. The
queen is the largest individual in the center of the brood.
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Figure 2 a) Fall B. impatiens queen body sizes from 2014 and 2015 (n = 15)
and b) Spring B. impatiens queen body sizes from 2014 and 2015 (n = 54).
Solid lines represent normally distributed densities, assuming the same means
and variances as observed.
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Figure 3 a) Normal body size densities for fall (black; n = 15) and spring (red; n
= 54) B. impatiens queens. b) The spring body size distribution as a portion of
the fall body size distribution. By multiplying the spring distribution by the
maximum scaling factor that minimizes the difference between the fall and
spring distributions, I estimated minimum overwinter mortality.

25

0.8
0.4
0.0

Survival Probability

5.5

6.0

6.5

7.0

7.5

8.0

ITS(mm)
Figure 4 Estimated survival probability of B. impatiens queens based on change in body size
distribution from Fall to Spring. The body size with the maximum survival is the one that
minimizes the difference between the fall and spring distributions after accounting for the
scaling factor.
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food = 0.3g pollen, n = 31; High food = 2.0g pollen, n = 33). Queens were reared under
controlled conditions and fed nectar ad libitum. Data shown are means with 5-95% confidence
intervals.
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Figure 6 a) Predicted establishment probability based on queen B. impatiens body size
under a low food treatment (0.3g pollen, n = 31; Binomial GLM, p < 0.01). b)
Predicted establishment probability based on queen B. impatiens body size under a
high food treatment (2.0g pollen, n = 33; Binomial GLM, p = .202). Points are success
data. Queens were reared under controlled conditions and success was measured as
whether or not a single worker eclosed.
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CHAPTER 2
Applying population models to the bumble bee life cycle
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ABSTRACT
Current management for declining bee populations focuses on providing abundant floral
resources to foraging bees. A lack of knowledge about population dynamics at the colony level,
specifically the dynamics of overwinter survival and colony establishment, may mean that
conservation efforts are misguided. I monitored bumble bee colonies (Bombus impatiens) and
built a population growth model using estimated vital rates from four key life stages. This is the
first time such a model has been integrated throughout the life cycle of a single population of
bumble bees, and only the second time such an approach has been used for this taxa. I use
perturbation analysis to show that colony growth is the most important life stage for population
viability, which is in line with current conservation methods. Depending on the perspective of
analysis taken, initial colony size and queen production are also potential targets for reversing
declines. These results support refocusing conservation problems through looking at the
complete life cycle, rather than just one or two life stages. Future work should be directed
towards estimating variation in early life stages and modeling the effect of environmental drivers
across the life cycle.
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INTRODUCTION
Pollinators provide valuable ecosystem services by ensuring 35% of global crops undergo
fruit production and maintaining healthy and diverse plant-pollinator networks (Klein et al.
2007). Native bumble bees (Bombus spp.) are providers of these services, and while their
importance has been well documented, many bumble bee species are in decline (Goulson et al.
2008, Colla et al. 2012). Intensification of agriculture, in particular, has led to changes in the
diversity and quality of resources, the timing of flowering, and the quantity of available habitat
(Rundlöf et al. 2008, Ricketts et al. 2008). Heavy reliance on neonicotinoid pesticides has also
been implicated as having adverse effects on bumble bees (Whitehorn et al. 2012, Feltham et al.
2014, Gill and Raine 2014, Lundin et al. 2015). Management of bumble bee declines has largely
focused on increasing the abundance of floral resources on the landscape, and these conservation
practices target easily observed and documented life stages such as foraging worker bees
(Carvell et al. 2011, Dicks et al. 2015).
It is well known that resource abundance and diversity is linked to colony growth
(Westphal et al. 2009, Williams et al. 2012) . Colonies in landscapes with high resources produce
more workers, and those that are the largest and most robust at the end of the season will produce
queens (Müller and Schmid-Hempel 1992, Pelletier and McNeil 2003, Ings et al. 2006, Williams
et al. 2012, Rundlöf et al. 2014). Yet whereas the relationship between colony size and queen
production is well known, little consideration has been given to whether this is the most
important factor affecting population persistence. In fact, it is plausible that early bumble bee life
stages (i.e., those where the queen is the sole individual) are instead the most important factors
affecting population viability (Suzuki et al. 2009, Goulson et al. 2010). Relative to worker
foraging, overwinter survival and colony establishment have been studied sparingly (Holm 1972,
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Beekman et al. 1998, Strange 2010), and our current understanding likely does not reflect the
interaction of these life stages with population dynamics in the field.
By focusing solely on late-season life stages, conservation of bumble bees heads down an
age-old road: we direct our efforts on the life-stage we know the most about or is easiest to
access, while avoiding the large gaps in our knowledge. Population models present one way to
address this dilemma. These models are often based on survival and reproduction rates collected
over the lifetime of individuals in a population, then used to make predictions regarding future
population success (Caswell 2000, Mills 2013). Crouse et al. (1987) were famously the first to
use these quantitative methods in a conservation context, revealing that that sea turtle
conservation had been misguided for years; they found that no matter how much you increased
the survival of hatchlings—the most prevalent conservation measure at the time—the population
still declined. Since then, this type of approach has gained popularity for its usefulness in
revealing the importance of previously unconsidered life stages for wildlife population success
(e.g., Biek et al. 2002). Although vital rates of annual social insects are measured at the colony
level, rather than at the individual, these standard models can still be applied (e.g., Gadau et al.
2009 chap. 4). Surprisingly, they have only been used once to assess the viability of bumble bee
populations (Crone and Williams 2016).
Standard population techniques, such as perturbation analysis, can be used to explore the
importance of a life stage on population viability. Two types of perturbation analysis—
prospective vs. retrospective—both ask how changes in a given parameter lead to changes in
population growth (Caswell 2000). Prospective analyses compare possible effects of changes of
fixed magnitude; retrospective analyses include empirical estimates of how much a parameter
actually varies in field or experimental systems. Elasticity analysis is a prospective tool that
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measures and ranks predicted responsiveness of population growth to a proportional changes in
mean demographic parameters (Caswell 2000, De Kroon et al. 2000, Mills 2013). Elasticity
analyses often reveal that, for a given change in a vital rate, some life stages have more of an
impact on population viability than others. On the other hand, life-table response experiment
(LTRE) analysis is a retrospective tool used to see how past variation in a given parameter
affects population growth (Caswell 2000, Wisdom et al. 2000). Since life cycles are composed of
distinct stages, changes in any single vital rate could potentially drive long-term population
dynamics (Crone and Williams 2016). On the other hand, similar analyses in past studies have
shown that some vital rates, no matter how they are managed, do not have a large impact on
output and simply should not be considered in practice (Zuidema et al. 2007).
Here, I build a population model for bumble bees (Bombus impatiens). Bumble bees form
annual eusocial colonies. In the spring, a singly mated queen emerges from hibernation, finds a
suitable nest site, and initiates a colony. The colony produces workers throughout the summer
and grows using foraged resources. In late summer, the colony switches to producing
reproductives. After mating, new queens will enter diapause until spring, and males die along
with the old colony and workers. I evaluate the importance of four conceptualized life stages
(after Crone and Williams 2016) for annual population growth: colony establishment, colony
growth, queen production, and overwinter survival. I estimate vital rates from colonies reared
and monitored from newly emerged spring queens. I compose the model using these vital rates
and compare the contributions of each to overall population growth using perturbation analysis.
Using this model, I found that the population was declining with a growth rate of 0.125 spring
queens in year t+1/spring queens in year t. To investigate this decline, I performed a third
retrospective-type analysis in order to investigate which parameters were noticeably lower than
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estimates from the literature. This project offers experimental and theoretical techniques that
could also be applied towards the conservation of other pollinators, especially those employing
similar life history strategies.

METHODS
1) Colony Establishment
Over the course of three weeks starting in late April 2015, I net-caught 33 queen Bombus
impatiens that had just emerged from diapause near Medford, MA (42.4˚N, 71.1˚W). I reared
queens with ad libitum nectar and pollen and maintained them at appropriate conditions
(catching and rearing methods detailed in Chap. 2)
Colony establishment was measured as whether or not a single worker emerged from
pupation. I started twelve colonies in 2015. To get an observed variation in this parameter,
colony establishment data from a similar experiment in 2014 were used (see Chapter 1). In 2014,
I collected 31 queens on the Tufts campus. Establishment protocol was identical, except for
feeding queens 0.30g of fresh pollen, rather than 2.0g. The two years of establishment data
represent a range of variation for this parameter.
2) Colony Growth
Nine of the 33 queens we collected in 2015 established colonies that grew to at least 20
workers. I moved these into larger nest boxes (28.5cm x 22.25cm x h. 13.0cm) for further
growth. These larger nest boxes were then placed within a cooler (40cm x 27cm x h. 29cm)
outfitted with a foraging tube, DampRid de-humidifying pack (DampRid, Memphis, TN), and
5.0g of insulating upholsterer’s cotton. Boxes were placed in the field, elevated at least six inches
off the ground inside a well draining tub rimmed in Tanglefoot (Contech, Victoria, British
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Columbia, Canada) to keep out ants. Reflectors were used to reduce insolation. I kept the areas
around the colonies free of weeds and replaced humidity packs and Tanglefoot every three
weeks. Colonies were placed in three different locations around Medford, MA (A: 42.407˚N,
71.120˚W; B: 42.403˚N, 71.121˚W; C: 42.410˚N, 71.116˚W) for the remainder of the growing
season. Each site had abundant resources for foragers (N. Dorian pers. obs.). Within a site,
colonies were placed at least 5m apart and decorated with different colored markings to avoid
worker drift (N. Kerr pers. comm). I weighed colonies once per week during the evening or early
morning to ensure that weights included all returning foragers. Colonies were not intentionally
disturbed except during these times.
Bumble bee colonies grow throughout the field season until a discrete reproductive
switch when the queen stops producing workers and starts to produce reproductives. Many
studies have looked at colony growth across colonies by finding average colony weight after
each week of growth (Westphal et al. 2009, Whitehorn et al. 2012) or using worker number as a
proxy (Williams et al. 2012). This however does not reveal variation in the mechanism of growth
for individual colonies that would be valuable to include in a population viability analysis.
Instead, I used a method developed by Crone and Williams (2016) for modeling this colony
dynamic as a three-part process: growth, switch point, and decline. In other words, the colony
grows exponentially with a growth rate γ until the switch point τ, when a new decay function is
used to explain colony decline. In brief, I modeled the data using a Gaussian family, log link
model for each colony. I created a dummy variable to account for the different slopes of colony
growth before and after the switch point. Then I searched over all possible values of the switch
point (the length of the growing season) to find the value that maximized the likelihood of the
function given the data. I performed all analyses in R, an open-source modeling application (R

35

Core Team 2013).
3) Colony Reproduction
Queens were counted from moribund colonies at the end of the season. Brood was
removed from the colony box and dissected to make sure all queen cells were counted. Queen
cells were identified by their larger size compared to male and worker cells. Male and worker
cells were not counted because I wanted an estimate on the contribution to the next generation
that each colony made; although colonies can reproduce by producing only males, I was only
interested in colonies that were able to produce queens as well. Wax moth (Vitula edmandsii)
infestations made two colonies uncountable.
Max colony size is positively correlated with queen production—the largest, most robust
colonies will produce queens (e.g., Ings et al. 2006, Westphal et al. 2009, Williams et al. 2012). I
evaluated this assumption by comparing three models for the relationship between colony size
and the number of queens produced in the seven colonies for which I was able to count queen
production in the field: a) an intercept-only Poisson GLM with an offset of the max colony size
(a single parameter of queens produced per 1kg of max colony growth, βq, i.e., strict
proportionality); b) a constant Poisson GLM (a single parameter of the mean number of queens
produced across colonies, i.e., no relationship between colony size and queen production); c) a
slope-intercept Poisson GLM that fit queen production to the max colony weight (i.e., log-linear
relationship between colony size and queen production). Max colony weight was estimated for
each colony from colony growth parameters, N0, γ, τ. Models were compared using AIC (Bolker
2008).
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4) Queen Overwinter Survival
In both fall and spring of 2014 and 2015, I searched the Tufts campus and caught all
queen bees I could find. In late October (2014 and 2015), I caught a total of 15 queens in the
same site as spring queens. For spring queens, I collected 64 queens in April (2014 and 2015).
Queens in both seasons were chilled upon collection, then measured for body size (ITS) to the
nearest 0.01mm and released. As outlined in Chapter 1, I estimated overwinter survival by
comparing the body size distributions of spring and fall queens. The maximum overwinter
survival was the minimum scaling factor that fit the spring body size distribution inside the fall
distribution.
5) Model construction
The number of queens produced in the fall from a single colony represents its gross
reproductive potential. The proportion of these queens that survive the winter and go on to
establish colonies in the spring represents the annual population growth per queen, which is:

!!!!
!!

= 𝑆! 𝑞! 𝑆!   

(eq. 1a)

where Se is the probability of establishing a colony,  𝑞t is the number of queens produced in year t,
and Sw is overwinter survival. The output is annual population growth in terms of surviving
spring queens in year t+1/established spring queen in year t.
The 𝑞t rate is composed of four parameters: initial colony size (N0), colony growth rate
(γ), reproductive switch time (τ), and the estimate of queens produced per 1kg of colony weight
gain (βq). Substituting this relationship into the model for population growth rate leads to a
model that directly relates to my experimental data (Methods, 1-4):
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𝑄!!!
= 𝑆! 𝑁! 𝛾 ! 𝛽! 𝑆!
𝑄!

(eq. 1b)

I used the parameters estimated from these experiments to explore bumble bee population
dynamics.
6) Perturbation analysis
Perturbation analysis is useful when asking questions about how changes in certain
demographic parameters (i.e., vital rates) affect population growth rate. A prospective approach
exploits the functional dependence between population growth and mean demographic
parameters (Caswell 2000). A retrospective approach, instead, asks how much observed variation
in the inputs led to variation in the output (Caswell 2000). The approaches must be treated as
separate, but equally important in fully answering management questions. I used both to look at
bumble bee population growth.
6a) Prospective approach: Elasticity analysis
Elasticity is the responsiveness of the output to a proportional change in its input. For a
set change in the parameters of a model, a parameter with a higher elasticity will change the
output more than a parameter with a lower elasticity. It is especially useful when trying to
compare the effects of parameters on different scales, such as probability and growth rates
(Caswell 2000, De Kroon et al. 2000). While they are often used in ecology for stage-based
matrix models (e.g., Crouse et al. 1987), elasticity analyses are also a useful way of determining
the relative importance of future changes in the parameters governing each life stage (after Crone
and Williams 2016). Elasticities were calculated by taking the partial derivative of the output
(

!
!!"  ( !!! )
!!

!!"  (!)

) with respect to each parameter in the log-transformed model (eq. 2).
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ln

𝑄!!!
= ln 𝑆! + ln 𝑁! + 𝜏 ln 𝛾 + ln 𝛽! + ln 𝑆!
𝑄!

(eq. 2)

Note that the log-scale derivative, and therefore elasticity, is one for all parameters except colony
growth rate [

!
!!"  ( !!! )
!!

!!"  (!)

=   𝜏]  and switch time [

!
!!"  ( !!! )
!!

!!"  (!)

=   𝜏ln(γ)].

6b) Retrospective approach: LTRE analysis
A Life Table Response Experiment (LTRE) analysis is a retrospective approach to
population viability that seeks to reveal how differences observed in parameters contributes to
changes in the output. The parameter whose variation led to the greatest variation in output is
ranked as the most important. Even if a parameter does not vary a lot, that should not preclude it
as a potential target for conservation: physiological limits or environmental constraints may be
limiting factors in that specific instance (Caswell 2000).
Since my data is continuous, rather than from discrete treatments, the analysis I
performed varies slightly from traditional LTRE methods (see Mills 2013). I calculated a
baseline output under field conditions using mean estimates for all parameters. While holding all
other parameters constant, I varied each parameter in eq. 1b to its lower 10% and upper 90%
quantiles to document the range of variation in population growth from the perturbation. For
colony establishment, since I only had two values, I used the minimum and maximum. I did not
include parameters for which I only had a point estimate.
7) Explaining population decline
A third analysis I performed does not fall into either of the two aforementioned
categories. Instead I explored the parameter(s) responsible for very low populations growth rates
(see Results). For each parameter, I set eq. 1b equal to 1 (a growth rate of 1 means neither growth
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nor decline), and solved for each variable. Solved values were compared to values reported in the
literature in order to gauge how my results compared to other studies and to identify reasonable
target parameters for increasing population growth.
RESULTS
1) Colony establishment
In 2015, 36% of queens established colonies (2.0g pollen; 95% confidence interval =
0.10-0.39; n = 33). In 2014, 22% of B. impatiens queens were successful (0.30g pollen; 95%
confidence interval = 0.21-0.53; n = 31). There was no significant difference between these
treatments (Binomial GLM; ANOVA Chi-square, 𝜒2 = 1.47, df = 1, p = 0.225). Established
colonies grew in the lab for a mean of four weeks until placed outside.
2) Colony growth
Seven out of nine colonies grew significantly throughout the season (Gaussian, log link
GLM; ANOVA Chi-square, p < 0.05 for all colonies) (Figure 2). Mean growth rate (𝛾) was 1.22
(Figure 3c). Observed parameters for average initial colony size (𝑁! ) and average switch time
(𝜏) were 0.165kg and 6.63 weeks, respectively (Figure 3a &b). Colonies grew for a median of
seven weeks and reached and average maximum colony weight (estimated as 𝑁! 𝛾 ! ) was
0.0740kg. Colonies declined for a mean of four weeks before being removed from the field.
3) Queen production
Only three colonies produced queens. Mean queen production per colony was best fit by
an intercept-only Poisson GLM with an offset of the max colony size (model a; dAIC > 2 for all
other models)(Figure 4). Each colony was estimated to produce 22.54 queens/1 kg of max colony
weight gain (n = 6). Based on maximum weight gain, colonies on average produced 1.66 queens.
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4) Overwinter survival
Minimum overwinter mortality (scaling factor) was estimated at 0.28 (see Chapter 1). No
variation can be associated with this estimate.
5a) Prospective analysis
The most important parameter for population growth rate was colony growth (

  𝜏 = 6.63)(Figure 5). Switch time was the second most important parameter (

!
! !" !!!
!!

! !" !

!
! !" !!!
!!

! !" !

=

=   𝜏 ln 𝛾 =

1.53). Since all other parameters in the log-transformed model are directly proportional to the
output, their elasticities (proportional partial derivatives) are one.
5b) Retrospective analysis
Average or median parameters were plugged into the model to yield a baseline
population growth of

!!!!
!!

= 0.125 (eq. 1b). Only the four parameters with quantifiable variation

were used (Se, N0, τ, γ). Mean population growth responded the most to variation in colony
growth (population growth rate of 0.0720 and 0.270 at 10% and 90% quantiles)(Figure 6).
Median initial colony size led to similar variation in output (0.0835 and 0.235). Population
growth was roughly equally sensitive to variation in mean establishment success (0.0771 and
0.174; varied at minimum and maximum) and mean switch time (0.0860 and 0.180).
6) Explaining Population Decline
The estimated population growth rate of

!!!!
!!

= 0.125 is clearly not sustainable. I

explored what change in each would be required to make the population growth stable (

!!!!
!!

=

1), for comparison with other studies (Table 1).
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DISCUSSION
My analyses show that colony growth is the most influential life stage for bumble bee
populations. Depending the perspective taken, however, other parameters and life stages are also
influential for population growth. This suggests that current management to provide abundant
forage on the landscape are well informed and that a life cycle approach can help to identify new
target areas and refine efforts where declines persist.
Both the prospective and retrospective analyses revealed that colony growth is the most
important driver of population dynamics. This means that all else equal, an increase in colony
growth would have a bigger impact on annual population growth than the same increase in
another vital rate. In general, this is good news for conservation efforts, the majority of which
focus on providing resources to foraging bees (Russo et al. 2013). This management is based on
the assumption that colony growth is implicitly important for population growth since the
majority of previous studies have decontextualized the life cycle and examined the relationship
between colony growth and flower abundance. These studies have found that colonies have
increased growth under food supplementation (Pelletier and McNeil 2003) and sites that offer
more abundant resources (Westphal et al. 2003, Rundlöf et al. 2014), especially in the early
season (Westphal et al. 2009, Riedinger et al. 2014). Crone and Williams (2016) extended these
findings to a population context by reporting that colony growth per flower was the most
important factor for population dynamics. My finding can only partly corroborate this since I did
not quantify resource availability. It is also important to consider other factors besides resources
that affect colony growth. We know that both pesticides (Whitehorn et al. 2012, Gill and Raine
2014, Rundlöf et al. 2015) and parasites (Brown et al. 2003) are detrimental to colony dynamics.
Colony growth is likely affected differently by all these factors, especially depending on
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landscape complexity and use in both in the immediate vicinity of the nest as well as throughout
the foraging range of the colony (Goulson et al. 2002, Persson and Smith 2011, Williams et al.
2012, Jha et al. 2013). The specific effects of these factors remain to be elucidated.
Depending on the perspective taken, the other parameter with similar effects to colony
growth was colony size upon placement in the field. Initial colony size had an elasticity of one
(directly proportional), however retrospective analysis revealed that variation in initial colony
size was nearly as important for realized variation in population growth as colony growth. Even
though colonies were established in the lab under the same conditions, variation in colony size
still existed (although size upon placement in the field was controlled to approximately 20
workers, I did not account for presence of developing brood cells or other positive signs of
colony vigor). Variation in initial colony size has been observed in previous studies (Crone and
Williams 2016), and this could help explain variation in early growth rates. Access to an
abundance of early season resources is correlated with high early season growth (Westphal et al.
2009) and worker size (Persson and Smith 2011), and variation in overall growth rate could arise
for colonies that do not have enough foragers to take advantage of the resource pulse.
My analysis indicated a declining population, so I wanted to understand how the vital
rates of my population compared to those reported in the literature. When I increased the growth
rate of my population to 1 by manipulating a single parameter, both colony growth (max weight
would have to be 0.610kg) and queen production (per 1kg of max colony size) were within range
of other published values (Table 1). Rundlöf et al. (2015) reported control B. terrestris colonies
gained between 0.500 and 0.850kg of weight throughout the course of the growing season. In
addition, Westphal et al. (2009) and Whitehorn et al. (2012) showed values below that for
control treatments (B. terrestris, maximum colony weight gain = 0.300kg). (Note: these studies
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average weights across all study colonies per week rather than analyze growth dynamics of each
colony separately.) In terms of queen production, Müller and Schmid-Hempel (1992) found B.
lucorum colonies produced an average of 50 queens, but with low probability of colony
reproduction across their experiment. Pelletier and McNeil (2003) reported an average of 5
queens for B. impatiens control colonies. Ings et al. (2006) had commercial colonies of B.
terrestris produce an average of 24 queens whereas hand-reared colonies yielded an average of 2
queens. Based on this analysis, queen production appears to be a realistic target for increasing
population growth. Max colony size increases queen production (Westphal et al. 2009, Williams
et al. 2012), but short diapause (Beekman and Van Stratum 2000), a delay of reproductive switch
time (for B. impatiens, Pelletier 2003), and resource availability at the end of the season (Rundlöf
et al. 2014) could also play a role.
My population of bumble bees (B. impatiens) was declining at a rate that would lead to
local population loss within a few years. On a global scale, many pollinators are declining
dramatically, and bumble bees in particular have been at risk in North American and Europe
since the 1950s (Goulson et al. 2008). However, B. impatiens is a widespread pollinator in the
Eastern United States and no evidence points to population declines (Williams et al. 2014). In
fact, it is thought to be expanding across its range and increasing its abundance on a regional
scale (Colla et al. 2012). Therefore, it is unlikely that my population is representative of longterm trends for natural populations of B. impatiens. Interestingly enough however, I had to
increase my search effort in both the spring and the fall during the second year of the study to
collect fewer or as many bees as the first year. Therefore, it is possible that bumblebees in 2015
were experiencing a bad year for population growth, and my population of nine colonies in fact

44

does represent the ambient population. If this is the case, and queen numbers are lower than
normal, I would expect to find fewer queens in spring of 2015 than in previous years.
In my analysis, two parameters—overwinter survival and colony establishment—were
incorporated without variation (point-estimates) and had elasticities equal to one. Modeling these
vital rates as functions of environmental drivers could help to reveal interactions between
landscape heterogeneity and colony dynamics (after Crone and Williams 2016). The factors
affecting overwinter survival are not well known, but it is thought that hibernating site
availability (Suzuki et al. 2009), warming temperatures (Vesterlund and Sorvari 2014), and
endogenous queen traits (see Chapter 1) influence survivorship. Establishment success is
possibly affected by landscape type (Goulson et al. 2010) and early season resource density away
from the nest-site (Dramstad 1996). Colony establishment is also constrained by queen parasite
loads and Psithyrus cuckoo bee usurpation (Müller and Schmid-Hempel 1992, Imhoof and
Schmid-Hempel 1999, Pelletier 2003) (see Chapter 3). Understanding the relative contribution of
these factors to colony dynamics would not only assist in estimating variation across space (for a
retrospective analysis), but also might lead to new management directions and insights regarding
the continued declines of some bumble bees species.
With a life cycle approach, I was able to holistically assess target vital rates for bumble
bee population viability. Although this is only second time a population model has been built for
bumble bees (for the first, Crone and Williams 2016), life cycle assessments have been used for
other social taxa (e.g., Archer 1985, Britton et al. 1996). Since elasticity analysis often reveals
that some life stages are more important than others (Caswell 2000), an interesting application of
this would be to see how the elasticities of different vital rates change across the landscape.
Elasticity to environmental drivers is important to consider because one view in population
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dynamics theory suggests that the most-environmentally sensitive life stages are those that have
the lowest elasticities (Forbes et al. 2010). All three of my analyses suggest that higher colony
growth leads to greater population viability, but future exploration of bumble bee population
dynamics should focus on the confirming whether this is the case by accounting for differences
in population-level (i.e., population density and probability of extinction) and landscape-wide
characteristics.
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Figure 1. Top: Field set up of a bumble bee colony. Below: Inside look at
a growing colony. Brood is beneath cotton covering.
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Figure 2. Colony growth of two representative bumble bee (B. impatiens) field colonies.
Points represent observed weekly weight gain of colonies and lines are growth
trajectories fitted to colony growth model.
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Figure 3. a) Starting colony sizes, b) switch times, c) weekly growth rates for bumble bee (Bombus
impatiens) field colonies (n = 9). For all plots: Box plot median = bold line; box borders = first and
third quartiles; whiskers = minimum and maximum; dots = outliers.
	
  
	
  
	
  
55

6

Queens produced

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

a)

5
4
3
2
1
0
0

50

100

150

Max. weight gain (g)
b)
a)

Figure 4. a) Queens produced per maximum weight gain of bumble bee
colonies. Points show the number of queens each colony (n = 6) produced.
These data were fitted to a Poisson offset model and the relationship implies
that the greater the colony weighs at the switch point, the more queens it will
produce. b) A moribund colony being counted for queens. Red circles show
counted queen cells.
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Figure 5. Elasticity of population growth for each parameter in the population
dynamics model for bumble bees (eq2). Elasticities exploit the functional
dependence between parameter means and overall population growth. Dotted line
represents an elasticity of 1. Population growth shows the most response to increases
in colony growth.
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Figure 6. Retrospective ‘LTRE’ analysis of bumble bee population viability model
(eq1b). Solid line represents baseline population growth using parameter means, and
bars show variation in output given observed variation in the given parameter
(maximum/minimum values for establishment, 10-90% quantiles for the remaining
parameters). Variation in colony growth and initial colony size account for most
variation in population growth.
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Table 1. Results of analysis if population were stable, rather than declining. Each parameter was increased
until population growth equaled one. * = within range of values reported in the literature, + = either
biologically unrealistic or theoretically impossible

Parameter

Declining (Qt+1 /Qt = .125)

Stable (Qt+1 /Qt = 1)

Overwinter survival
Establishment success

0.28
0.26

2.23+
2.074+

Initial colony size (kg)

0.0165

.131+

Colony growth
Switch time (weeks)
Queen production
(queens/max size)

1.26
6.63

1.72*
15.61+

22.54

179.86*
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CHAPTER 3
From queen to queen: how to raise your own colony of bumble bees
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There are many reasons to raise bumble bees. If you’re a biologist, you may be interested
in rearing colonies to for behavioral experiments or for understanding the importance of bumble
bees in plant-pollinator networks. If you’re a farmer, you may want bumble bee colonies to
supplement honeybee or wild bee pollination services for your crops. If you’re a bee hobbyist or
novice beekeeper, you may simply looking for a way to raise bees in your backyard garden.
Whatever your reason for wanting to bring bumble bees into your life, and no matter your
expertise, this guide is a valuable resource. It contains an introduction to bumblebee biology,
step-by-step instructions of how to rear bumblebees indoors and place established colonies
outside, common problems and diagnoses, and a few short other notes about the process.
Bumble bees (Bombus spp.) form annual colonies that must be started every year. A
spring queen will establish a colony that can grow to about 300 workers throughout the summer
until the production of males and, perhaps, new queens in the fall. These new queens then mate
and hibernate underground while the rest of the colony dies. Next year, it is these queens that
will initiate the growing season. This colony life cycle will be the general outline for the section
on bumble bee biology as well as the protocol for rearing bumble bees.

The biology of bumble bees
It is a beautiful April day in the park. The sun glints off the last few patches of snow and
the grass is starting to wake with flowers. Around you, a large bee zooms. It is a queen bumble
bee—the size of a quarter and fuzzy—that has recently emerged from hibernation. She is looking
for sugar to replenish fat reserves after having survived the long winter underground. The
previous fall, she chewed her way out of a pupal cell and mated with a single male.
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Diapause
(November-April)

Colony Establishment
(April-May)

Bumblebee Colony Life Cycle

Reproduction
(September-November)

Colony Growth
(May-September)

Because she is larger than workers and males, she made it through the coldest winter days
even though her parental colony didn’t. She is the link between colony generations.
Upon emergence, the queen must look for spacious cavities—an abandoned mouse
burrow for example—to start her colony. Unlike other ground-nesting bees, a bumble bee queen
will not dig a hole to build her nest. Bare ground in gardens and along hedgerows is ideal nesting
habitat, though some bumble bee species will nest in aboveground cavities like a bird’s nest or
rock wall. The ideal nest site will already contain insulating material such as moss, dried grass,
or cotton yarns because queens will not gather materials.
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Once a queen has found a suitable home, she begins collecting pollen, which is the main
source of protein for her developing larvae. She will build a honey pot out of wax to store
carbohydrate-laden nectar. It is important to note that bumble bees do not store copious amounts
of honey (and, from personal experience, what they do produce is not all that appetizing). This
distinguishes them from honeybees that do store honey and can therefore build colonies that
survive the winter. The queen will also make a ball of nectar and pollen, called bee bread, and
lay her eggs within. Over the next month, her first brood of 3-8 eggs will develop in this ball of
food as she incubates them with her abdomen. This is a risky time for the colony because the
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Eggs
(Days 1-5)

LarvaàPupa
(Days 5-21)

Worker Eclosion
(Days 21-24)

queen is alone and must make repeated foraging trips to provision her brood. Therefore, it is
possible that establishment success in the wild is fairly low. Few studies have reported rates of
successful wild establishment or queen survival during this solitary phase of the colony. After
successful establishment, the queen’s outside activities conclude. She will spend the remainder
of the season in the colony making sure she remains the sole reproductive individual.
Now the workers take over colony tasks—foraging for resources and raising their sisters
to bee-hood. Once eclosed from the pupal cocoon, a worker will not grow for the rest of its foursix week life. This is surprisingly significant: bumble bee worker size forms the basis of job
assignment. Under this system known as alloethism, the largest workers are the foragers and the
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smallest bees are the stay-at-home nurses. Small workers tend to be found inside the colony
taking care of developing brood. On the other hand, large workers come and go. Compared to
smaller workers, they can collect more pollen and nectar per trip, fly in more inclement weather,
and are more likely to survive predation. Within the colony, this system can work since workers
exhibit a 10-fold variation in body size (for scale, that’s the same as the difference between a
penny and a field mouse). Why this occurs is less well known, and whether it is adaptive or by
accident, trying to discover the cause of size variation in bumble bees is a promising avenue for
future work.
Though they will (almost) never reproduce, it is the workers’ responsibility to grow the
colony. But what drives them to be so altruistic? Why should they spend their entire existence
raising their siblings, instead of their own children? From an evolutionary perspective, a worker
should only participate in altruistic behavior if she can pass on some of her genes through the
behavior. Therefore, this often occurs for close relatives, such as a sister raising a sister. But how
can she share more genes with her sister than her son? Bees follow a sex determination system
known as haplodiploidy. Whereas humans are diploid and all individuals need two copies of
chromosomes to be viable (human males have XY and females XX sex chromosomes), all bee
males are haploid (one copy of chromosomes) and females are diploid. This means that males
develop from unfertilized eggs and females from fertilized eggs. And since workers do not mate,
they can only lay unfertilized eggs, to which they would be 50% related (the same as a mother to
her son). On the other hand, since the bumble bee queen is mated only once, all workers share
50% of their genes from the father and 25% from the queen, making workers 75% related. So a
worker that raises a sister to whom she is 75% related over a son with whom she only 50% of her
genes gains a fitness benefit, albeit an indirect one.

64

During the summer months, foragers collect resources. As mentioned earlier, nectar
yields carbohydrates, whereas pollen offers protein. Bees need both to survive and rear offspring.
A foraging bee will groom pollen into pollen baskets on her hind legs known as corbiculae, and
store nectar in her crop. Back at the colony, she passes off the pollen to a nurse bee and
regurgitates her stored nectar into honeypots. This bee will then depart on another foraging trip..
If the resource patch was worthwhile, she will communicate the scent of the flowers she just
visited to the rest of the colony. Although a more in-depth investigation of bumble bee foraging
is beyond the scope of this guide, it is important to note their services as pollinators (and why
you might want to raise them for your garden!). Bumble bees are important pollinators of crops,
especially those in the nightshade family such as tomatoes. Cranberries and blueberries, too,
increase their fruit set when visited by bumble bees compared to honeybees. On these flowers,
pollen is trapped inside the fused anthers and must be shaken free. To release the pollen, bumble
bees use a technique known as buzz pollination by which they grasp the flower and vibrate their
thorax at ~400 Hz. Honeybees cannot perform this task, and are therefore much less efficient
when it comes to pollinating these flowers. This sonication has been exploited in large
greenhouse operations. Essentially, a colony of bumble bees is released inside a greenhouse of
tomatoes, for example, and used to increase yield. Without domesticated bumble bees, human
hands (with a tuning fork or electric toothbrush as the pollinating agent) would have to be used
for greenhouse crops.
Colony growth occurs throughout the summer and reproduction (males and queens)
happens only once. The eventual size of colony is important for reproduction, with the largest
colonies having the highest success. The most robust temperate colonies will reach 300 workers
and by season’s end will yield both males and new queens. Less successful colonies will produce
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just males, whereas the weakest colonies might last only a few weeks and never reproduce.
(Note: there is a distinction between worker production and colony reproduction. If you think of
the colony as an “organism,” it only successfully sexually reproduces when it makes fertile
offspring—males and queens.)
Queens require lots of food during development, so the best time to make new queens is
when the colony can gather lots of food. This is at the end of the season, when the number of
workers is greater than the number of developing larva. The details of how bumble bee queens
are produced is not fully known, but it is thought that if a fertilized egg that receives a lot of food
at the right stage in development, perhaps coupled with a pheromone, it will develop into a
queen. Males are produced before queens to ensure overlap of both sexes. Remember that since a
male comes from an unfertilized egg, any female bee with developed ovaries can theoretically
lay males. At the end of the season, the queen’s dominance over the colony weakens and some
workers will develop their ovaries and lay eggs. It is only at this stage in the colony’s life cycle
(declining and especially if no queens are produced) that it is at all favorable for a worker to lay
eggs.
Once emerged, males will leave the colony and feed on nectar for themselves, waiting for
a queen to fly near. Often, males can be seen congregating on flowers at the tops of hills. Since
males can’t sting, you can even hold one and observe him up close: this quickly became one of
my favorite autumnal pastimes. New queens typically mate just once and feed on pollen and
nectar to prepare their bodies for the winter ahead. The queen will then dig herself a burrow for
the winter and, if she survives, wake up from hibernation in the spring. The males and the rest of
the colony die with the onset of winter.
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Methods: rearing a colony from scratch
Materials
• A net and ample catching vials
• Rearing boxes (see Starting queens for assembly directions)
o GLAD plastic box, rubber bands, craft mesh, and petri dish
• Fresh pollen (available from many beekeeper supply shops; see below)
• 50% (by weight) sugar solution
o 1oz feeding cups and wicks
• Place to rear your bees
o Darkness, humidity (55-60%), heat (78-80˚F), and red light for observation
• Two pairs of long (10”) forceps and a shorter pair (4-5”) for feeding and handling bees
To catch queens
Bumble bee queen emergence is linked to
temperature, so you want to start looking for queens on the
first warm days of spring. In some years, this might mean
late March (in 2016, a particularly warm winter, I found my
first queen on March 31st). In a more typical year, queens
A queen collecting pollen.
might not start emerging until mid-April. In unseasonably
cold years, the first queens might not start flying until late-April. A good rule of thumb is to start
looking sooner rather than later, especially since queens that haven’t yet found a home are more
likely to establish colonies.
When queens first emerge, they zoom low across the ground in search of a good nest site.
This is the optimal time to catch them. Try your best to make sweeping motions with the net,
snapping back the end of the net while turning over the opening to prevent escape. If you are
searching for bees on flowers (azaleas are a favorite of Tufts queens), make sure they do not
have pollen in their corbiculae (on their legs). Nectar-feeding queens are far less likely to have
laid eggs than those collecting pollen. Simply drape the net over the foraging queen and wait for
her to fly or crawl upwards. Then turn over the net to seal.
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If you have not caught bumble bees (or other stinging insects) before, transferring the
queen to the vial is probably the most nerve-wracking part. Stay calm. The more nervous you
are, the more likely the queen will find a way around your shaking hand. Uncap the vial and
guide it into the net, all the while keeping the net opening blocked so you can take your time to
get the queen where you want her. Guiding the vial and queen to the top of the net, then cinch
immediately with your hand. You want the queen to be localized to a small portion of the net.
Carefully push the vial towards the queen and once she’s inside, pull the net taut. You will
realize that once the queen is inside the vial, she is not likely to escape. Now push the cap into
the net and secure the lid. Transport the vial back to the base of rearing operations with minimal
shaking. You have caught yourself a queen! Catching wild queens is no easy task, but with a
little practice, you will get the hang of it.
For a visual on how to catch bees, watch this video by entomologist Sam Droege:
https://www.youtube.com/watch?v=n6ZFlz3uA7E

Starting queens
Place the queen in an ice box at 3-4˚C for 1 hour. This will make her torpid and much
easier to handle when transferring to her nest box. With the queen waiting, prepare the nest box.
I repurpose a GLAD brand container (dimensions 15cm x 11.5cm x h. 7cm) with the entire
bottom cut out (leaving only a rim of plastic) and a small hole (dimensions 7cm x 5cm) on the
top, so you can access the developing brood. I use sturdy craft mesh (available at any art supplies
store) for the flooring and to cover the opening in the roof. The plastic box is turned upside down
and the mesh is secured with rubber bands (see inset). The rubber bands make it easy to access
the queen come feeding and cleaning time. Inside the rearing box, supply a small dish (50mm
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petri dishes work well), and a 1.0g ball of beebread and 1oz cup of sugar solution (see recipes
below). The sugar solution should be fitted with a dental cotton wick for easy access. Sugar
solution and wick should be refilled when empty and replaced, if not completely consumed,
every three days. Beebread should be replaced every three days as well. Once the queen has laid
eggs in a pollen ball, however, do not replace it. You can tell the pollen is in use because the
queen will also affix it to the petri dish with wax. It may also have a lumpy appearance after the
eggs hatch into larvae. Provide the queen with a small amount (i.e. 0.1g) of fresh beebread every
few days.
The nest box should be kept in a warm, humid dark place, free of vibrations. The goal is
to mimic the underground environment where a queen would normally be starting her nest.
Check on her daily with a red observation light to minimize disturbance. Bees cannot see red
wavelengths of light, so even though you can see her, she will still perceive it as dark. A little bit
of white light won’t hurt as you are entering and leaving the observation room, but certainly do
not make a habit of it. After all, you’re trying to convince this queen that nothing is different.

Queen rearing box design. Each queen is given a nectar cup with a cotton wick (on
the left) and ball of bee bread in a petri dish (on the right). Note the box is elevated off
the ground to allow for good air circulation and sanitation.
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Place one queen in each prepared box. She will be motionless upon removing her from the
fridge, but do not worry. Once she warms up, she will be ready to explore her new home.
Beebread
•

Fresh pollen (1lb bag Brushy Mountain Bee Farm, Inc.): 25-30% sugar solution

Pulverize pollen and mix with sugar solution until dough-like. Roll out on wax paper and cut into
individual pieces. Ensure pieces are uniformly round. Make fresh every feeding. Store unground
pollen in freezer between feedings. NB: Some sources recommend coating the pollen balls in
wax to keep them fresh. From personal experience, queens presented with a wax-coated ball
were less inclined to use it.

From left to right, the steps of making beebread: Pulverized pollen; pollen mixed with nectar into a
stiff dough; dough rolled out; beebread balls formed for queens.

Nectar
•

50% sugar (Pro-Sweet Liquid Food, Mann Lake Ltd.; this comes with added essential
nutrients): 50% deionized water

Mix and stir until combined. Keep in fridge for 2 weeks at most. Refined sugar (e.g., Domino’s)
can be used as a replacement. When using granulated sugar, make a 30% solution instead.
To care for newly established colonies
After a week or so, some of your more eager queens
will show signs of broodiness, which is characteristically
seen as a queen huddled on top of her pollen ball. If you see
this, get excited: your queen has laid eggs and is incubating
This is a good sign: a queen
incubating her brood.
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them! Over the next three weeks the eggs will hatch into larva, which will then pupate and
metamorphose into worker bees. You will see the brood clump enlarge as the larva develop, then
turn into what looks like “popcorn” as the larva spin individual pupal cells. The whole process
(egg to adult) takes about 21 days for B. impatiens (pers. observation), though times may vary
between species. Following these methods, I was proud to have 36% of my Bombus impatiens
queens establish. Other studies have reported large variation in success across bumble bee
species (25.3% B. terrestris, Ings et al. 2006; 53% B. terrestris, Gosterit and Gurel 2007; 9.9%
B. terrestris, Yoneda 2008; 33.3% B. appositus, 14.3% B. bifarius, 10% B. centralis, Strange
2010).
I found with Bombus impatiens that the longer it takes a queen to start, the less robust the
colony ends up being. But do not be worried if your queen does not start a colony. Queens might
fail to start colonies for several reasons. First, queens are less likely to start a second colony if
they had already established one in the wild prior to collection. Pathogens such as Apicystis
bombi and Spaerularia bombi are also known to prevent queens from founding nests. I have
noticed that some queens that fail to start colonies have a ‘sweaty’ appearance (the hair on their
thorax is damp and matted down), so take note of the queen’s condition and isolate any queens
that look like this. Some fungi are also problematic for early colonies and will give the brood a
light tinge of blue. Nest boxes containing broods with this appearance should also be isolated.
Lastly, your queen may just not enjoy the conditions she has been given, and buzz wildly around
the nest box during observations. She may also break apart the pollen ball or simply leave it
untouched. In all these cases, it is best to release the queen after no sign of egg laying for three
weeks.
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The first cohort of workers usually contains 3-8 individuals. Take note of the size of the
first workers. You might observe a tradeoff between size and number in that the queen might
produce only a few large workers or many small ones. If overfed, a queen will produce a queen
in the first brood. This is not advantageous, as the new queen will not aid in the rearing of new
sisters. She will be much larger than the other workers and have taken about a week extra to
emerge. Watch the interaction between the two queens to make sure it doesn’t become
antagonistic; if it does, remove the new queen immediately (see tips on handling bees below).
Continue to follow the queen feeding regiment until all the pollen has been consumed in
a single day. I recommend giving the new colony a just a little more food than they can consume.
After the second brood emerges, increase the food to 1.0g every three days, increasing by 0.5g
every 5-6 new workers. Remember, the queen will continue to lay eggs that need provisioning,
so attentive care is necessary at this stage in the colony’s growth. Without adequate
establishment, the colony risks failure mid-summer.

Transferring new colonies into bigger homes
Once the colony has reached 10 or so workers, it will be getting pretty cramped inside the
nesting chamber. It is time to transfer the newly founded colony to a larger box. I used plastic
boxes produced by Biobest, a company that rears bumble bees for research and greenhouse
pollination operations (dimensions 28.5cm x 22.25cm x h. 13.0cm). One convenient feature of
this box is that it comes already equipped with covered foraging holes for when the time comes
to open up the colony in the field. I place this box inside of an Igloo cooler (dimensions 40cm x
27cm x h. 29cm) that will serve as the external-most field box as well. Since bumble bee
colonies normally live underground during the summer, the cooler helps to lower the temperature
and minimize temperature fluctuations found above ground. If you simply plan to work with
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bumble bees in the lab, keeping the bees in the BioBest plastic box is sufficient, provided that
you elevate the box off the ground to adequately ventilate the colony and to prevent sanitation
issues. Make sure your new box has an easily accessible inside because you’ll still be continuing
your daily caretaking chores after the move. I also use a clean Plexi glass cover to aid in
observation.
To transfer the bees, carefully undo the rubber bands around the nest chamber while
keeping the lid intact. Place the entire nesting box inside the larger box and remove the lid. Since
the bees are free to move around their new home, carefully slide the brood dish off of the old
nest box floor. The queen should immediately leave to find her brood with the workers in tow,
making removing the old materials much easier for you. I replace the nectar and pollen ball at
this time as well. Watch as your bees explore and grow accustomed to their colony box. Take
note of any bees (and their relative size) on the periphery that are seemingly uninterested in the
brood—these are most likely foragers. But they will have to wait a bit longer before you let them
satisfy their instinct.

The author with a field colony.
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Setting up colonies in the field
When the colony reaches about 20 workers, it is large enough to bring it out into the
field. Selecting a site for your bumble bee colony is an important decision. Ideally, you want
someplace dry and cool. I found that my colonies were happiest in an open, meadow-like
environment, as opposed to under a tree. Air circulation at the former is much better which
discourages the growth of mold. In addition, it is key to have flowers easily accessible to your
bees throughout the season. Placing your colony in a flower garden may help, but is not essential
since I have observed that bees tend not to visit flowers immediately outside the colony (within
5m). Since bumble bees do not store a lot of resources, they need consistent access to flowers if
the colony is to be successful and produce queens. If you are thinking of planting flowers
specifically for your bees, try to choose native plants that bloom at different times throughout the
year. For bees, try to provide blue and yellow flowers and to avoid those that are red (you can’t
go wrong with Nepeta spp. or Aster spp.). Check out this resource for help in picking plants for
New England (http://www.pollinator.org/zip-map.test.htm?zipcode=02155). Lastly, if you’re
placing multiple bee colonies in proximity of one another, try to place them at least 10m apart
from each other and facing different directions to reduce the chance of workers drifting into the
wrong colony.
There are many ways of giving your bumble bees the best chance to succeed in the field.
The colony must be free of standing water, so an elevated platform will be necessary. For this, I
use two wooden planks inside of a Rubbermaid tub (dimensions 58cm x 41cm x 15cm) that sits
on top of two cinder blocks. In addition, ants will enter the colony and steal the small amount of
honey bumble bees do store, so anti-ant measures are imperative as well. Tanglefoot, a sticky,
nasty product made from tree resin, is your best bet. I wrap the plastic tub in industrial cling
wrap, then using a paint stirrer spread this Tanglefoot in a thin band around the entire perimeter.
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The ants will not get past it, but beware: neither will your fingers. Replace detritus-covered
Tanglefoot every three weeks. Third, solar radiation can cause the colony to overheat, so I use a
windshield reflector for the car glued to foam board or cardboard as a sturdy lid (it also keeps
rainwater out). Place a rock on top to secure. Humidity within the colony can also reach
unsettling levels. To remedy this, I use a DampRid pack that absorbs water out of the air. I
replace this once per month in the field. A final, optional recommendation is to offer your bees
5g of upholsterer’s cotton. This will further help to insulate your colony and buffer it from
temperature fluctuations. The only downside to this addition is that you will not be able to
observe the growth of your colony, as the bees will completely cover their brood with the cotton.
Successful colonies, however, can occur with and without it. (If you give your bees cotton and
they are not interested in it, I have found, unfortunately, that it is a fairly reliable indicator that
the colony will be unsuccessful.)
Upon set-up, open up the colony and allow the first worker to find her way out. Watch as
she takes flight around the colony and notes landmarks so she can find her way back home. Your
job as caretaker is finished, save for staving off the occasional intruder and making sure the
colony does not topple over in a heavy rainstorm.

From left to right: Colony set-up box; a colony in the field; a worker emerging from the colony for
the first time.
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Take some time to observe your bees. How long did it take for a bee to leave? What did
she do upon exit? Are your bees gathering pollen? How many bees leave per hour? Whenever
you watch your colony, make note of the answers to some of these questions. Monitoring the
progress of your colony throughout the summer is an important part of ensuring your colony’s
health.
Queen production
As autumn approaches, bumble bee colonies begin to decline. Queens stop producing
workers, and males are produced. If your colonies are large enough, they may produce new
queens too! (Look for large cells on the top of the brood during colony inspections.) At this
point, you have two options: 1) let the queens eclose and disperse away from the colony to mate
and hibernate or 2) place a queen excluder (a tube that allows foragers and males to leave, but
not queens; available from Biobest) in the foraging hole of your colony and collect newly
produced queens to hibernate in a controlled environment.
If you choose option 1, queens will leave the colony and find a place to hibernate. Little
is known about where queens hibernate, but they are thought to favor leaf litter and north-facing
slopes. It is possible, but laborious to track fall queens as they find a place to hibernate. If you
are interested in this, see: Alford (1969) or Szabo and Pengelley (1973).
Alternatively, if you choose to hibernate your own queens, you need to be sure that your
queens have mated and that they will have appropriate conditions for hibernation (see below).
Regardless, once the colony dies, clean it thoroughly (see Sanitation) before use next season.

DISCLAIMER: I have never personally mated or hibernated queens, so I recommend exploring
the literature to maximize success. The protocol for hibernating queens is based on Holm (1972)
and Beekman et al. (1998).
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Before hibernation, queens need to be mated as well as fed. From what I have heard, it is
important to give your queens a large arena (3’x3’xh. 3’) filled with at least two times the
number of wild males (not from the same colony) to choose from. Upon mating, queens should
be placed in a box with nectar and be allowed to feed for three-five days. Give them nectar with
wicks ad libitum. To hibernate queens, place them in a new box filled with dampened Perlite in
an incubator at 2-3˚C. Place a wet sponge in the incubator as well in order to maintain at least
60% RH. Remove queens after 4-5 months. It is possible to stimulate queens into laying eggs
with a shorter artificial diapause or simply with CO2 narcosis.
Often the number of queens a colony produces is of interest, even if overwintering the
queens is not. Since queen cells are noticeably bigger than worker or male cells, this makes
enumeration fairly easy. To dissect a moribund colony, peel back the cotton covering and use
forceps to pick apart at the brood. (Take photos if you plan on counting them!) If you are hoping
to examine the abandoned brood, I recommend doing it sooner, rather than later. Wax moths
(Vitula edmandsii) can and will eat everything in the colony and disintegrate any trace of a
quantifiable colony.

Tips for success
Handling bumble bees
If you’ve never handled stinging insects before, the best advice I can impart is to not be
nervous. Yes, unlike honey bees, bumble bees can sting multiple times. But this is not any reason
to be worried: just use swift, confident handling techniques.
In the lab, I place any bees I’m planning on working with in an incubator at 3.5˚C for at
least thirty minutes (one hour for queens). This brings their body temperature down and makes
them torpid. Leave your bees in the incubator for no more that two hours at a time. Out of the
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incubator, bees “wake up” within 5 minutes (queens usually in 3 minutes), so work quickly. I
find it helpful to work with cooled bees in a cooled petri dish to prolong the anaesthetization.
Never place a developing colony in the incubator as it may inhibit larval development. If you’re
looking to remove bees from a colony, you can either grab them by one of their hind legs (takes
lots of practice) or use an Insect Vac (Bioquip Products, Inc.; very easy to use). The latter comes
with convenient capsules that require minimal post-collection handling.
Measuring “chilled” bees is quite easy. Make sure to grip them tightly around the thorax
or on a leg using sterilized fine-tipped forceps to hold them still for measurement with calipers.
Common measurements of body size are thorax width, head width, intertegular span (distance
between the two wings), and radial cell length (on the wing). Note: Even though they are not
moving around, “chilled” bees can still sting.
When working in the lab, it is often necessary to mark individual bees. One method uses
colored plastic numbered tags (designed for honey bee queens; available from most beekeeping
supply companies). The tags are affixed to the thorax of a chilled bee with a small drop of super
glue (Loctite Super Glue Gel Control). A toothpick dipped in glue often aids in handling the tag.
The second method uses non-toxic paint to apply a unique identifier to each bee. Paint pen
(CraftSmart; found at any crafts store) mark combinations are virtually unlimited, but marks will
have to be reapplied every month due to wear. I’ve marked bees while holding them steady with
forceps. Another option to this technique uses a “bee squeezer,” which is a sponge-tipped
plunger that pins the bee against a mesh screen. For further reading on marking insects, see
Hagler and Jackson, 2001.
Field colonies should only be disturbed at night and observed with a red light (I use a
headlamp with a red filter). Before anything else, make sure to plug the foraging entrance so
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guard bees do not come out and sting you. If you’re trying to census worker numbers, nighttime
will provide you with the most accurate estimate since all the bees will be back in the colony. In
addition, two to three hours before censusing, you can fit the colony with a one-way foraging
tube (available from Biobest) that allows bees to return, but not leave. This will aid in more
accurately measuring colony size. Do not forget to remove the valve after censusing!
Removing bees at night is also easier since bees tend will be more sluggish, even without
a cooling treatment. You can use either method for collecting bees described above, but I find it
particularly helpful to bring a cooler or icepack into the field to facilitate calming down the
collected bees.
When observing the colony take note of the first bees to come out upon disturbance.
Early in the season, it is a good sign if the queen abandons incubating eggs to protect her brood.
Late in the season, you should only see workers coming out to guard. If the queen does come
out, it may be a sign that the colony isn’t as healthy as it could be.
Try to minimize your disturbance of field colonies. Frequent visits may cause damage to
the brood or cause workers to eject developing larvae, so I recommend opening the colony a
maximum of once every week. When you’re finished, add 1-2ml of nectar solution directly to the
honey pots.

Sanitation
Keeping your colonies clean is an essential part of rearing bumble bees. Here are a few
guidelines that will help ensure you have the greatest success:

•

It is imperative to use a fresh pair of disposable gloves whenever you start a feeding or
handling session.
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•

Soak bee maintenance equipment (e.g., forceps, catching vials) in a 10% bleach solution
for at least four hours after use and then wash it thoroughly with water.

•

When working with multiple colonies, I recommend using a single pair of forceps for
handling dirty nectar cups or dead bees, and a second pair when replacing clean cups or
pollen balls.

•

Once your colonies are growing, you’ll notice that fecal matter will accumulate in the
corners of the nest boxes. To clean, a make a quick wipe with a paper towel or use a Qtip taped to the end of wooden dowel. Do this at least once per week. If you allow your
colonies to forage freely, this won’t be as much of a problem as bees much prefer to
defecate outside of the colony.

•

At the end of the field season, bleach and scrub down all of your equipment before
storage. Lastly, keep your workplace clean: a quick wipe of the counter with dilute
ethanol before and after handling bees should do the trick.

	
  
Selecting your species
There are about 40 species of bumble bees in the United States, all in the genus Bombus.
Three common species in New England are well known for their ease of rearing, high success
rate, and low aggression. I reared Bombus impatiens (Common Eastern Bumble bee) using the
methods detailed here, and it is the bumble bee of choice for most commercial rearing
operations. Bombus bimaculatus (Two-spotted bumble bee) is also a good option if you are
looking to raise more than one species. I raised B. bimaculatus queens according to the same
protocol as B. impatiens with similar, but slightly lower, success.
Typically, queens of all these species begin flying in mid-April and most will find
suitable homes by the end of May. Identification of these queens is relatively straightforward, but
it is important to be comfortable with it prior to collection. The first spring that I set out to catch
queens, I made countless chases across fields only to find Xylocopa virginica (Eastern Carpenter

80

Bee). Do not be fooled by this queen bumble bee imposter. Look for loud, clumsy flight and a
hairless, shiny abdomen on these solitary bees.
For a guide on identification, see:
http://www.xerces.org/wpcontent/uploads/2008/09/Eastern_Bumble_Bee.pdf

Microcolonies
When in the presence of an egg-laying queen, workers do not lay eggs. If a few workers
are isolated from the queen in a separate box, however, the workers will take over the
responsibility of egg laying and form what is known as a micro-colony. Of course, since the
workers never mated they can only lay males. Interestingly enough though, a hierarchy does
form whereby the most aggressive/dominant worker’s ovaries develop, and she takes over the
responsibility of egg-laying. Although micro-colonies are incapable of growing autonomously in
the field, they are useful under laboratory conditions for creating lots of replicate treatments
(e.g., effects of pesticides on colony growth or worker behavior) or studying bumble bee social
structure, for example. They are also much cheaper and more fail-safe than trying to start large
numbers of colonies from wild queens (one large colony can easily produce 30 micro-colonies).
To start a microcolony, place 4-5 newly eclosed workers in their own queen rearing box
(specifics described in Methods: To catch and start queens) with as much nectar and only 1.0g of
bee bread. The dominant worker will begin egg-laying within 7-10 days. If no egg laying has
commenced by then, try adding another worker, or start the micro colony from scratch. The
colony should persist for four to six weeks.

Common problems and concerns
What if I cannot find any queens?
As discussed in Methods: To catch queens, I recommend starting to look for queens
during the first warm days of spring. Queens will continue to emerge over the next month, so do
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not worry if you cannot find any right away, or only find one queen per outing. That considered,
if you are planning on collecting lots of queens (>30), make sure you devote at least a couple
hours each day to searching. Often, it is a matter of luck. Some days I found five queens in less
than thirty minutes, and others I spent three hours and only found one. Other times, it is simply
not looking in the right place. In Medford, queens love the large forage of early-blooming
azaleas at Tufts. I found more queens on the Tufts campus than anywhere in the surrounding
neighborhood.
Help! I can’t get the queen into the vial. People are starting to stare…
Do not worry, as long as the net is closed, she will not be able to escape. Try pushing the
vial up against the queen to have her ‘fall’ in. The more confident your are, the more successful
your will be.

My queen seems to have laid eggs on the dish rather than in the pollen ball.
Some queens will do this. You might see the queen trying out different places around the
dish. Don’t worry. It just means that the queen will have to provision those eggs daily if the
workers are going to develop and the colony will take a bit longer to get started.

Oh no! My queen has died. What did I do wrong?
Perhaps nothing. Many spring queens are already infected with diseases that inhibit
colony founding. Make sure you are keeping the nest box clean by regularly changing nectar
wicks and wiping away feces with a damp paper towel. Be sure to sterilize all equipment in 10%
bleach in between use.
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My colony has reached its second brood and the queen has only produced a few/tiny workers.
Make sure you are giving the colony high quality food. Order new pollen every two-three
weeks, even if you have not yet used up the whole bag. Fresh pollen is essential to healthy
colony growth. It could also be a sanitation issue. Make sure that there is not any fungus/mold
growing in the colony (usually blue/green or black spots on the wax). If you spot mold in the
colony, I recommend changing nest boxes, or switching to a larger colony box earlier to ensure
your colony is in a clean environment.

I found little tan caterpillars in some of my nesting boxes this morning. Are these bee larvae?
No! This is not a good sign. Wax moth (V. edmandsii) adults will lay eggs in the nest
box, and the larvae will hatch and eat their way through the colony, destroying any chance at
success Bumble bees do not seem able to defend against an infestation, no matter how small.
Your goal is to get rid of the larvae. Upon finding these larvae, search each of the colonies with
forceps—literally removing the brood plate and scrutinizing for inconspicuous wax-colored
lumps in the light—then pick out the larvae until the colony is ‘cleansed.’ Then observe each
nest box every day thereafter for signs of new wax moth development, and remove any lingering
pests.

I’m watching my field colonies, and I see workers carrying out little white larvae. Are these bee
larvae?
Yes, but do not get worried just yet. Removing dead or diseased larvae is natural process
of colony upkeep. Watch your colony to see if larval ejection continues. Long-term persistence
of this behavior may mean that your colony was disturbed, is diseased, or that food (esp. pollen)
is not as abundant as when the eggs were laid. In addition, CO2 narcosis of colonies or individual
workers has been known to stimulate larval ejection.
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A Final Note
As I watch the queens walk from the nectar jars to their newly laid eggs and back again, I
try to take a step back and meditate on their remarkable work ethic—they never take a break and
they certainly never complain. Quite abstractly, I like to think of the queens as my other mentors.
And if I take this perspective, I arrive at the conclusion that bumble bees have taught me a lesson
not only in hard work and diligence, but also in undying patience and perseverance. I hope you
find as much joy as I did in watching a colony grow and in sharing your experience with others.
If you have any questions about rearing bumble bees, want to share your triumphs, or just
want to say hi, please don’t hesitate to reach out: ndorian1@yahoo.com. Have fun!

All figures were produced by N. Dorian except where noted.
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