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Abstract
Bumblebees (Bombus spp.) are ecologically and economically important pollinating insects and nutritional stress is one of 
the most significant factors causing their decline. However, our knowledge of the nutritional requirements of bumblebees 
is largely limited to just a small number of species that can be easily reared in the laboratory, so there is  an important need 
to understand the nutritional requirements of a greater range of bumblebee species. In particular, the long-tongued, pocket 
maker species that have been intractable to laboratory rearing, yet are often of greatest conservation concern. Here, we 
compare the development and success of incipient colonies in two species of pocket maker bumblebees (B. pascuorum and 
B. hortorum) when fed either a less diverse or more diverse pollen diet. Our results show that both diets were sufficiently 
good for queens of both species to rear workers, but they performed significantly better for some variables on the less diverse 
diet. Our findings support previous work that suggests that a less diverse diet can be as good as a highly diverse mix in some 
respects. We also observed significant differences between species, demonstrating why we must not rely only on one or two 
model species to understand the effects of nutritional stress on bumblebee communities.
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Introduction

Bumblebees (Bombus spp.) are ecologically and economi-
cally important pollinating insects for many wild flowering 
plants and crops (Garratt et al. 2014; Klein et al. 2007; Oller-
ton et al. 2011; Willmer 2011), but many species worldwide 
are experiencing significant declines due to multiple factors, 
including nutritional stress as a result of agricultural inten-
sification and urbanisation (Carvell et al. 2006; Nieto et al. 
2014; Ollerton et al. 2014; Williams and Osborne 2009). 
Bumblebees rely solely on the nutrients derived from pollen 
and nectar, with pollen providing proteins, polypeptides, free 

amino acids, lipids and sterols that are required for develop-
ment, physiology and reproduction (Cardoza et al. 2012; 
Fliszkiewicz and Wilkaniec 2007; Genissel et al. 2002; Tasei 
and Aupinel 2008; Vanderplanck et al. 2014). The types, 
quantities, concentrations and ratios of these pollen constitu-
ents vary widely amongst plant groups (Cardoza et al. 2012; 
Roulston and Cane 2000). While most bumblebee species 
collect pollen from a variety of flower species to cover their 
nutritional needs (Kämper et al. 2016), many species exhibit 
morphological and behavioural biases towards particular 
plant groups (Goulson et al. 2005; Kleijn and Raemakers 
2008; Roger et al. 2017). Increasing evidence suggests that 
adults, even without feedback from larvae, can identify high-
quality pollen and forage selectively on nutritionally rich 
floral resources to achieve a nutritional optimum (Dobson 
and Bergström 2000; Hanley et al. 2008; Ruedenauer et al. 
2015).

A combination of selective foraging, interspecific pollen 
sourcing and pollen mixing (Somme et al. 2015) allows bees 
to reap benefits that a single pollen diet may not provide. 
For example, sunflower (Helianthus annus) pollen reduces 
worker longevity when consumed on its own, but when it 
is consumed in a polyfloral mix, it does not have this effect 
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and in fact can be beneficial by reducing pathogen infection 
(Giacomini et al. 2018; LoCascio et al. 2019; McAulay and 
Forrest 2019) and diluting harmful toxic compounds (Eck-
hardt et al. 2014). Testing single and polyfloral pollen mixes 
demonstrate that diet can have extreme effects on bumblebee 
reproductive success (Baloglu and Gurel 2015; Moerman 
et al. 2015; Tasei and Aupinel 2008; Vanderplanck et al. 
2014). While polyfloral mixes have been shown to improve 
reproductive performance (Tasei and Aupinel 2008), this 
is ultimately down to the specific pollens used. Moerman 
et al. (2017) demonstrated that diet suitability has less to do 
with interspecific plant diversity and more to do with the 
nutritional composition of the pollen meeting the specific 
resource requirements of the bee.

Nutritional requirements are likely to vary between spe-
cies, reproductive state and energetic demands (Vaudo et al. 
2015). However, investigations into the effect of nutrition on 
reproductive success of bumblebees have almost exclusively 
been carried out on a small number of generalist species 
such as B. terrestris (subgenus: Bombus) and B. impatiens 
(Pyrobombus), which are not generally suffering popula-
tion declines or nutritional stress (Goulson et al. 2005), and 
which are confined to just 2 of the currently 38 recognised 
subgenera, both within the short-tongued, pollen storer clade 
(Cameron et al. 2007). These species are not representative 
of all bumblebees in their nutritional requirements. In a com-
parative assay using three pollens, workers of B. hypnorum 
and B. pratorum (Pyrobombus) not only performed worse 
than B. terrestris, regardless of pollen diet, but each species 
also responded differently to each pollen (Moerman et al. 
2016). Non-B. terrestris/B. impatiens queens or incipient 
colonies are seldom studied, and yet nutrition plays a par-
ticularly important role during colony establishment; queen 
bumblebees must collect adequate quantities of pollen to 
meet not only their own physiological needs, but also that 
of their first brood as well. Proteins, sterols and lipids are 
required for ovary maturation (Aupinel et al. 2000; Tanaka 
et al. 2019; Vogt et al. 1998), and for brood development 
(Tasei and Aupinel 2008), while increased food intake in 
the early stages of development increases ongoing colony 
growth (Carvell et al. 2011; Herrmann et al. 2007; Westphal 
et al. 2009). It is perhaps not surprising that wild queens at 
this stage have also been recorded choosing high-quality pol-
len sources over low (Moquet et al. 2015), and this behaviour 
might be more common amongst more specialist species.

These results illustrate that while the bumblebees typi-
cally used as models in scientific investigation provide 
important insight into their physiology and behaviour, the 
results are not representative of all species or all bees within 
those species. To understand how diet affects bees both 
intra- and interspecifically, it is necessary to investigate dif-
ferent species and colonies at different developmental stages 
in experimental trials.

A large group of bumblebees that have been little investi-
gated are the long-tongued species known as pocket makers. 
Unlike short-tongued, ‘pollen storer’ bumblebee species that 
feed their larvae a regurgitated liquid mix of nectar, pollen 
and glandular secretions, long-tongued bumblebees lay their 
eggs directly onto a pollen mass, which the larvae consume 
in its solid form (Den Boer and Duchateau 2006; Pereboom 
2000). Long-tongued bumblebees are understudied because 
they are very difficult to rear in the laboratory, but recent 
developments now make rearing long-tonged bumblebees 
in the laboratory possible (Bučánková and Ptáček 2012; 
Carnell et al. 2020; Ptáček et al. 2015). Long-tongued bum-
blebee species are often more selective in their diet than 
short-tongued species, and many rely heavily on pollen from 
the Fabaceae plant group (Goulson 2003). Since both adult 
and larval feeding is somewhat different in these species to 
B. terrestris and B. impatiens, it is likely they will respond 
differently to pollen diets if they are less tolerant of toxic 
plant chemicals, or if their fundamental nutritional require-
ments differ.

Here, we investigate for the first time the nutritional 
requirements of long-tongued bumblebee incipient colonies, 
taking advantage of recent work enabling their laboratory 
rearing (Bučánková and Ptáček 2012; Carnell et al. 2020; 
Ptáček et al. 2015). We used B. pascuorum (Thoracobom-
bus) and B. hortorum (Megabombus), both pocket maker 
species that are ecologically similar to many species of 
conservation concern, thus making them good models for 
investigating the biology of long-tongued bumblebees. We 
compare reproductive success and colony development of 
incipient colonies fed either a less diverse pollen diet or a 
more diverse pollen mix, with the aim of testing the success 
of these species on two commercially available and contrast-
ing pollen mixes. We hypothesised that queens of both spe-
cies should perform better on the more diverse mix, in which 
they can utilise the nutrients from a range of plant species.

Materials and methods

Sixty-two B. pascuorum queens and 20 B. hortorum queens 
were collected over a 13-day period between 25th March and 
6th April 2018 from woodland and chalk downland sites in 
East Sussex (UK) (Supplementary Table 1). Site visits were 
only carried out on days with no rain or low cloud cover. 
Unequal sample sizes were due to B. hortorum being less 
common at these sites than B. pascuorum. Queens of both 
species were collected throughout the sampling period. Pol-
len collection occurs after queens have established a nest 
(Evans et al. 2007), and so only queens without pollen were 
collected. Queens were placed into individual, ventilated 
15 × 15 × 15 cm plastic boxes in a dark room (30 °C, 20% 
rh). Each queen was housed separately and provided with 
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50% (v/v) sugar water (10% fructose, 90% sucrose) ad libi-
tum. Queens were assigned randomly to one of two pollen 
diets: a less diverse pollen mix stated as being hawthorn 
(Crataegus monogyna) pollen, or a more diverse pollen 
mix stated as consisting of 75% pre-mixed wildflower, 15% 
heather (Erica sp.) and 10% hawthorn pollens. All pollen 
was obtained from Pollenergie (France). Commercially 
available pollen such as these is collected by honey bees 
and may not necessarily contain pollen from plants favoured 
by bumblebee species that often forage on Fabaceae, which 
honey bees may only visit for nectar (Henning et al. 1992; 
Marzinzig et al. 2018). In addition, other studies have found 
pollen from plant species other than those stated in com-
mercial mixes (Dance et al. 2017; Ruedenauer et al. 2020; 
Vanderplanck et al. 2018). We therefore refer to the haw-
thorn and wildflower pollen mixes as less diverse and more 
diverse, respectively, hypothesising that queens would per-
form poorly on the less diverse pollen mix, but that the more 
diverse mix might contain sufficient diversity to meet the 
nutritional needs of the bees. Pollen was ground to a powder 
and combined with 50% (v/v) sugar water (10% fructose, 
90% sucrose) to form a sticky dough. Each queen was given 
a 1 g pollen ball every 2 days, which increased to 2 g when 
offspring were produced. To induce nesting behaviours, all 
queens were given a 3 × 3 cm piece of cotton wool, which the 
queens readily used as nesting material. To encourage egg 
laying and brood rearing, queens were given a B. terrestris 
cocoon (> 48 h old), from day 2. The callow B. terrestris 
worker was removed as soon as it eclosed to avoid negative 
effects on the queen that can otherwise occur (Bučánková 
et al. 2012; Ptáček et al. 2015; Carnell et al. 2020). Cocoons 
were provided repeatedly until the queen had produced her 
own pupae.

It is generally accepted that stress caused by disturbance 
elicits defensive behaviours in bumblebees that are likely to 
inhibit oviposition and brood care (Bučánková and Ptáček 
2012; Kirchner and Röschard 1999). Disturbance of the nest 
boxes was therefore kept to a minimum to reduce this and 
therefore we did not count the number of eggs or larvae 
produced during the experiment. To measure colony devel-
opment, five variables that could be taken without interfer-
ing with the contents of the nest box were recorded every 
2 days: whether or not queens produced (i) eggs, (ii) third 
stage (L3) larvae, and (iii) workers (binary data); and (iv) the 
number of weeks to the first L3 larvae, and (v) the number of 
workers produced by the end of the experiment (14 weeks).

The effects of bee species and diet on the colony variables 
were investigated in SPSS using generalised linear models. 
Model and link function were chosen based on data distribu-
tions and full models were chosen based on those with the 
lowest AIC values. Whether or not queens produced eggs, 
L3 larvae and workers was investigated using a binomial dis-
tribution and logit link function. The effects on the number 

of weeks to first L3 larvae and the number of workers pro-
duced at the end of 14 weeks were analysed using a Poisson 
distribution and log link function. Each analysis was run on 
the queens/colonies that reached that stage in colony devel-
opment. Full factorial models with species, diet and their 
interaction were run for all analyses.

Results

Queens in both treatment groups fed on the pollen provided. 
All B. pascuorum and B. hortorum queens from both treat-
ments that survived past Week 1 (n = 81) showed nesting 
behaviour by carding the cotton wool so that it either cov-
ered their nest box or formed part of their brood structures. 
The single queen that showed no nesting behaviour and 
died on Day 2 is excluded from further analysis. Over the 
14 weeks of the study, 40 of the B. pascuorum queens (66%) 
and 12 of the B. hortorum queens (60%) laid eggs (Table 1). 
Across both species and treatments, all but one of the egg-
laying queens also successfully reared their brood to the L3 
stage, which was reached between Weeks 2 and 12, and 21 
of these (33% B. pascuorum and 67% B. hortorum) produced 
up to 5 workers (mean ± SE = 2.1 ± 0.3 workers per queen; 
Fig. 1). Offspring mortality ranged from 2% between egg 
and L3 stage, and 41% between L3 and worker. No dead 
pupae were observed. Following an infestation of wax moth, 
no further progress was expected, and the experiment was 
terminated at 14 weeks. The wax moths had proliferated and 
caused the destruction of comb structures, eggs and larvae, 
preventing a count of remaining offspring. No reproductives 
were produced during this period.

The effect of diet and species on early‑stage colony 
development

There was a significant interaction between the effects of 
diet and bee species on the proportion of queens that pro-
duced eggs and L3 larvae, and the number of weeks before 
the first L3 larvae were produced (respectively, χ2 = 4.02, 
df = 1, p = 0.045; χ2 = 4.58, df = 1, p = 0.032; χ2 = 4.44, df = 1 
p = 0.035; Supplementary Table 1). Seventy-two percent 
of queens on the less diverse pollen laid eggs (14.5 ± 6.5 
eggs per queen), compared to 56% on the more diverse diet 
(11.5 ± 7.5; Fig. 1), and only one queen which was fed the 
less diverse diet did not also produce L3 larvae (14 ± 6.5 
L3 larvae per queen). On average and across both treat-
ments, 66% of B. pascuorum queens and 60% of B. horto-
rum queens laid eggs and for both species the first L3 larvae 
generally appeared in Week 6 (respectively after 6.05 ± 0.41 
and 6.41 ± 0.96 weeks). Overall, queens reared on the more 
diverse mix produced L3 larvae a little earlier than those 
on the less diverse diet (respectively, 5.9 ± 0.53; 6.4 ± 0.54); 
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however this effect varied between species, with B. pascuo-
rum queens fed on the hawthorn diet producing L3 larvae 
earlier than those fed on the wildflower diet and the opposite 
being the case for B. hortorum (Table 1).

The effect of diet and species on late‑stage colony 
development

Based on the queens which produced L3 larvae (n = 51), 
there was a significant interaction between diet and spe-
cies on the proportion of queens that produced workers 
(χ2 = 3.87, df = 1, p = 0.049). Thirty-three percent of B. 
pascuorum queens produced workers (6 ± 6.5 workers per 
queen), compared to 67% of B. hortorum queens (all of 
which produced 4 workers per queen). There were no sig-
nificant effects of species or diet on the number of workers 
produced (respectively, χ2 = 0.15, df = 1, p = 0.70, χ2 = 0.012, 
df = 1, p = 0.91; Supplementary Table 1).

Discussion

We found that queens of B. pascuorum and B. hortorum 
can survive and successfully rear workers on both the less 
diverse hawthorn pollen and the more diverse wildflower 
mix and that a less diverse pollen mix can be as good as a 
more diverse one. A wax moth infestation developed towards 
the end of the experiment, but despite this, and the addi-
tional stress it may have imposed on queens, the proportion 
of queens that laid eggs was amongst the highest observed 
in these species when reared in captivity (Bučánková et al. 
2012; Ptáček et al. 2015; Carnell et al. 2020). Very few 
workers are required for queens to switch to male production 
(Carnell et al. 2020), so it is quite likely that in the absence 
of wax moths this would have occurred.

Perhaps surprisingly, we found that a less diverse diet 
could be as good as, if not better than, a more diverse diet 
in some respects. B. pascuorum queens fed the less diverse 
(hawthorn) pollen were just as likely to lay eggs as those on 
the more diverse mix, and B. hortorum queens were indeed 
more likely to lay eggs when fed the less diverse pollen. 
Hawthorn is not a natural foraging choice for queens of these 
species; in the UK its open-bowl flowers appear in May and 
are usually pollinated by flies and small bees (Corbet 2006; 
García and Chacoff 2007), whereas B. pascuorum and B. 
hortorum start emerging in March (Falk 2015) and favour 
plants with flowers a little deeper than their tongue length 
(~ 10–13 mm) (Barrow and Pickard 1984; Brian 1957; Prŷs-
Jones and Corbet 1991). Despite this and across all treat-
ments, offspring mortality between egg and L3 stage was 
very low, demonstrating both the less diverse hawthorn mix 
and the more diverse wildflower pollen mix were adequate 
for early-stage larval development. Interestingly, for queens 
in both treatments, much higher mortality was observed in 
offspring between the L3 and worker stage, which could be 
pinpointed to the L3 and L4 stages because we observed 
no dead pupae. This suggests that in the critical period just 
before pupation (Plowright and Jay 1977), larvae may be 
more sensitive to quantitative and/or qualitative deficiencies 
in pollen or other stresses. This was especially obvious in B. 
pascuorum and could indicate differences between the spe-
cies in their nutritional biology or tolerance to the conditions 
of captive rearing. Some may have died of starvation if the 
queen failed to replenish the pollen pockets and the effect 
of this on the larvae may only be visible when they have 
the highest resource demands (Plowright and Jay 1977). 
We did not find any evidence that the pollen delayed lar-
val growth, as has previously been reported (Genissel et al. 
2002). However, we intentionally avoided any methods of 
data collection that might have increased queen stress and 

Table 1  Incipient colony 
success of wild-caught B. 
hortorum (n = 20) and B. 
pascuorum (n = 62) bumblebee 
queens in the laboratory over a 
14-week period

Bees were fed either a less diverse hawthorn diet or more diverse wildflower diet. Colony success was 
measured as whether queens (a) laid eggs, (b) reared third-stage (L3) larvae, (c) produced workers, and (d) 
the number of workers produced. Sample sizes for queens producing L3 larvae and workers are the total 
queens achieving the previous measure of success. No gynes or males were produced within the 14-week 
period

Measure of queen success Diet B. pascuorum B. hortorum 

Proportion of queens that produced eggs Hawthorn 68% (21/31) 89% (8/9)
Wildflower 63% (19/30) 36% (4/11)

Proportion of queens that reared L3 larvae Hawthorn 95% (20/21) 100% (8/8)
Wildflower 100% (19/19) 100% (4/4)

Mean (± SE) no. of weeks until L3 larvae were produced Hawthorn 5.9 ± 0.62 7.5 ± 1.05
Wildflower 6.2 ± 0.54 4.25 ± 1.60

Proportion of L3-producing queens that produced workers Hawthorn 35% (7/20) 50% (4/8)
Wildflower 32% (6/19) 100% (4/4)

Mean (± SE) no. workers produced Hawthorn 2.14 ± 0.60 2 ± 0.41
Wildflower 1.83 ± 0.65 2.5 ± 0.96
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interfered with colony production. More intricate measures 
of long-tongued bumblebee species will be possible with 
practice and when increasingly intensive experiments can 
be carried out. The failure of queens to feed their larvae is 
a significant hindrance to pocket maker rearing, and future 
work should attempt to elucidate precisely when queens are 
most sensitive to external conditions, and how this could be 
mitigated to encourage egg laying and ongoing brood care.

Egg-laying success was more affected by diet for B. hor-
torum queens, with twice as many laying eggs when they 
were fed on the less diverse diet compared to the more 

diverse diet. Almost all queens that produced eggs produced 
L3 larvae, but there was a significant difference between spe-
cies in success from L3 to the adult worker stage, with a sig-
nificantly greater proportion of the B. hortorum queens suc-
cessfully rearing workers. That no dead pupae were observed 
suggests a species difference arose at the L3/L4 stage which 
may be a critical period of sensitivity to nutritional stress 
(Sutcliffe and Plowright 1990). Qualitative differences in 
macronutrients (e.g. protein content) between diets could 
explain the variation in worker production if the pollens 
were nutritionally more suitable for the B. hortorum larvae, 

Fig. 1  Effect of diet on incipient colony success of wild-caught B. 
hortorum (n = 20; dark grey) and B. pascuorum (n = 61; light grey) 
bumblebee queens in the laboratory measured by a proportion of 
queens that laid eggs in captivity (n = 52), b proportion of queens 
that reared third-stage larvae (L3) to workers (n = 21), c mean (± SE) 
number of weeks before the first L3 larvae were produced, and d 

mean (± se) number of workers produced. Queens were randomly 
assigned a diet treatment of either less diverse hawthorn pollen or a 
more diverse wildflower pollen mix. Only one egg-laying queen (a B. 
pascuorum on the hawthorn diet) did not produce L3 larvae (Supple-
mentary Fig. 1)
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or if they contained compounds harmful to B. pascuorum. 
Regardless of the mechanism, the results suggest fundamen-
tal differences in the nutritional requirements of these bees. 
Differences in the life history traits of bumblebees is likely 
to explain some variation in the nutritional biology observed 
between these and other bumblebee species (Moerman et al. 
2016; Persson et al. 2015; Vaudo et al. 2015), highlight-
ing how essential it is to consider the needs of individual 
species to fully understand how wild bee communities are 
affected by nutritional stress. B. pascuorum and B. hortorum 
are ecologically similar, both being temperate, annual, long-
tongued species. While it is possible that the differences 
we observed arose from factors such as queen health and 
infection status, it may be that even subtle differences in 
physiology are reflected in their nutritional demands. For 
example, B. pascuorum has a smaller foraging range (Wood 
et al. 2015), but a longer colony life cycle than B. hortorum 
(Benton 2006), which may affect the capacity of both queen 
and workers to tolerate periods of nutritional stress. Because 
both of these species are pocket makers and we are still in 
the early days of rearing optimisation, it is important not 
to discount the effects of queen behaviour on colony suc-
cess. In personal observations of the queens here and in our 
previous work, we found B. hortorum queens to be much 
more sensitive to physical disturbances (Carnell et al. 2020). 
Although this does not explain our findings here, decades of 
rearing work on a variety of species has clearly demonstrated 
that bumblebee species vary widely in their performance 
under captive conditions, across and within the pocket maker 
and pollen storer groups (Fandiño 2007; Ptáček et al. 2015; 
Sheikh 2016; Velthuis and Van Doorn 2006). It is possible 
that in spite of being more sensitive to disturbance, B. hor-
torum is behaviourally more suited to captive rearing. Indi-
vidual difference amongst bumblebees may have also had an 
effect, e.g. quality of larval diet, number of days post-emer-
gence on which they were captured and infection status. We 
did not screen for pathogens here, which may have affected 
queen performance. Work on other bumblebee species show 
such factors can have a pronounced effect on queen founding 
success and colony development, so further work is needed 
to determine how the developmental conditions affect B. 
pascuorum and B. hortorum queens in this way (Rutrecht 
and Brown 2008; Woodard et al. 2019).

Irrespective of the possible physiological and behav-
ioural differences between these species, the fact that the 
number of workers was not different between B. pascuorum 
and B. hortorum suggests that both diets were sufficient for 
worker production. Adequate larval feeding is essential for 
bumblebee survival, so clearly the larvae were provisioned 
with enough food to survive and mature into workers (Plath 
1934; Wilson 1971). These workers were small, but this 
also occurs in wild colonies (Alford 1975). The production 
of workers depends on investment in larval feeding by the 

queen and diet quality; it seems both were adequate in this 
case, but with room for improvement. Future studies could 
try placing these young colonies into the field, so new work-
ers can self-select food for the colony and provision their 
larvae under more natural conditions.

In previous experimental trials using donor cocoons for 
long-tongued bee rearing, avoidance and aggression have 
often been observed between queens and the emerging 
donor workers, sometimes leading to a cessation of queen 
reproduction (Bučánková et al. 2012; Ptáček et al. 2015; 
Carnell et al. 2020). We removed donor callows as soon as 
they emerged and relied only on the cocoons themselves to 
encourage egg laying and brood care. Queens should iden-
tify these as foreign (Gamboa et al. 1987; Heinrich 1974) 
and perceive a rival queen is present (Goulson et al. 2018; 
Lopez-Vaamonde et al. 2004). This should encourage her to 
out-compete it by producing her own colony. We found that 
repeated cocoon exposure was indeed an effective method 
to trigger oviposition, which is particularly useful for bum-
blebee species unsuited to interspecific cohabitation. Pocket 
makers feed their larvae pollen primarily through mass pro-
visioning, but the pollen masses are known to be refilled 
over time and it seems to be this specific behaviour that 
queens fails to perform in captivity (Bučánková and Ptáček 
2012).

Nutrition clearly plays an important role in queen repro-
ductive success during colony establishment and our results 
support previous work suggesting that a less diverse diet 
can be as good as, if not better than, a more diverse diet 
(Moerman et  al. 2017). Our results show that the diets 
tested are adequate for rearing B. pascuorum and B. hor-
torum, although it is likely the colonies would have per-
formed much better on diets containing their natural forage 
plants (e.g. a Fabaceae pollen). Our results also suggest that 
different bumblebee species may have different nutritional 
requirements, demonstrating the value of studying a range 
of bumblebee species to fully understand the effects of bio-
logical stressors such as nutritional stress. Despite a serious 
wax moth infestation towards the end of the experiment, our 
queens achieved amongst the highest success rate of ovipo-
sition recorded in long-tongued bumblebees reared in the 
laboratory. Challenges remain, including the need for more 
detailed measurements of the effects of diet in pocket maker 
species that do not disrupt colony progress. Future work 
should focus on comparing long-tongued species with reli-
able models such as B. terrestris. The results here and those 
drawn from Carnell et al. (2020) suggest species respond 
differently to captivity and it is important that future stud-
ies attempt to test the effects of capture, transit, diet and the 
conditions of captive nesting separately on different species. 
Honey bee colonies that are transported over long distances 
for pollination exhibit higher stress levels than stationary 
ones (Simone-Finstrom et al. 2016), and it is possible that 
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chronic effects of capture, transport and handling may affect 
queens, but this effect may vary between species. The results 
here show that survival of queens following capture can be 
relatively high and so it is important that future studies 
maximise sample size through intensive queen collection. 
Although biochemical analysis of the pollen diets was not 
conducted, characterisation of the protein, lipid and amino 
acid content may elucidate the differential responses we 
observed. There is a great deal to be gained from studying 
the effects of nutritional stress on a variety of bumblebee 
species. Achieving this is key to developing evidence-based 
conservation management to protect diverse bumblebee 
communities.
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