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Abstract – In this study, we investigated if oral administration of lactic acid bacteria could increase the colony
performance of reared bumblebees. We found that a continuous administration of Lactobacillus kunkeei LMG
18925 and Lactobacillus crispatus LMG 9479 could partly compensate the effects of low nutritional pollen, but a
permanent colonization in the gut was not detected with Illumina MiSeq 16S rRNA sequencing. Contrary to
expectations, a single administration of L. kunkeei LMG 18925 to a high nutritional pollen led to a lower total drone
mass. A Bombus -specific strain, Bifidobacterium actinocoloniiforme R-53049, showed potential to colonize the gut
permanently after three administrations. Our study represents a first screening for the potential use of probiotic
strains in bumblebees. We conclude that both diet and host specificity of bacteria might have an effect on colony
performance of indoor-reared bumblebees and play a role in the gut colonization success.
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1. INTRODUCTION

Many endogenous bacteria have a mutualistic
relationship with their insect host and play a role
in digestion, nutrient production, and pathogen
protection (Koch and Schmid-Hempel 2012;
Engel and Moran 2013; Cariveau et al. 2014).
Social insects like honeybees (Apis ) and bumble-
bees (Bombus ) harbor a distinct gut microbiota

(Martinson et al. 2011). This gut microbiota prob-
ably contributes to the success of the colony, as
dysbiosis of the microbiota has been associated
with a reduced health in bees (Sabree et al. 2012;
Vasquez et al. 2012).

Commercially reared honeybees and bumble-
bees have a high economical value as crop polli-
nators (Losey and Vaughan 2006; Velthuis and
van Doorn 2006). Some of the rearing techniques
used in the production of honeybees and bumble-
bees can have a detrimental effect on the bacterial
community in the gut. For example, in the USA,
domesticated honeybees are often treated with
antibiotics to control foulbrood infections (Tian
et al. 2012), but this is also impairing the gut
bacteria. The mass rearing of bumblebees typical-
ly takes place in closed facilities, to avoid disease
contamination, but at the same time, it can also
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result in a reduction of the bacterial diversity in the
bumblebee gut (Meeus et al. 2015). Gaining fur-
ther insight into the functionality of the bee gut
microbiota holds promising opportunities to en-
hance the fitness of the colony. In humans and
several animals, strains of Lactobacillus and
Bifidobacterium are already widely used in pro-
biotic formulations. In mammals and fish hatch-
eries, for example, the use of probiotic strains has
increased growth and reduced diseases without
the use of antibiotics (Kawakami et al. 2010;
Magnadottir 2010; Bovera et al. 2012; Piccolo et
al. 2015). Also in insects, the administration of
probiotic bacterial strains can improve survival,
body size, growth rate, mating, and fecundity,
which was demonstrated in fruit flies, silkworms,
moths, and olive flies (Niyazi et al. 2004;Masthan
et al. 2010; Gavriel et al. 2011; Sacchetti et al.
2014). Several studies on honeybees have shown
that lactobacilli can provide protection against
Paenibacillus larvae , the bacterium causing
American foulbrood disease, and Melissococcus
plutonius , the bacterium causing European foul-
brood disease, as well as reduced mortality of
infected larvae (Evans and Lopez 2004;
Forsgren et al. 2010; Wu et al. 2014). Further-
more, different studies have shown that the ad-
ministration of commercially available probiotic
formulations in honeybees decreased mortality,
increased body mass, increased fat body and the
size of the faucal gland, and increased the
merocrin-type secretion and quantities of
peritrophic membranes, thus providing a better
digestion (Kaznowski et al. 2005; Kazimierczak-
Baryczko and Szymas 2006; Szymas et al. 2012).
In stingless bees, Bacillus can play an important
role by secreting enzymes that can soften the
pollen wall and cause fermentation, contributing
to digestion (Gilliam et al. 1985, 1990).

As several positive effects on honeybees
have been demonstrated in previous experi-
ments, we wanted to investigate the effect of
the administration of Lactobacillus and
Bifidobacterium strains to indoor-reared bum-
blebees in three experiments. We used bumble-
bee microcolonies to assess their performance
based on parameters such as colony develop-
ment and drone production. We also investigat-
ed by use of Illumina MiSeq sequencing,

whether we could detect colonization of the
supplemented bacteria and whether there was
an effect on the microbial gut community. In
a first experiment, we tested if a continuous
supplementation of several strains of Lacto-
bacillus and Bifidobacterium could compen-
sate the effects of low nutritional pollen. In a
second experiment, we investigated if Lacto-
bacillus kunkeei LMG 18925 would also be
able to increase the reproduction, when sup-
plied only once and high nutritional pollen
was provided. In a third experiment, we pro-
vided bumblebee microcolonies at three dif-
ferent points in time, with Bifidobacterium
actinocoloniiforme R-53049, isolated from
the gut of a wild bumblebee. The objective
here was to realize a better colonization, as
we expected that a bumblebee-specific bacte-
rium is better adapted to the bumblebee gut
than a non-host bacterium.

2. MATERIALS AND METHODS

2.1. Bumblebees and their developmental
parameters in microcolonies

In all bioassays, we usedmicrocolonies consisting of
five newly emerged Bombus terrestris workers. The
bumblebees were obtained from an indoor mass-
production facility (Biobest, Westerlo, Belgium).
Microcolonies have been proven comparable to
queen-right colonies for investigating microbiota
(Meeus et al. 2013), and microcolonies follow a well-
defined development pattern with quantifiable parame-
ters, such as time point of egg laying, larval develop-
ment time, pupation time, and reproductive output. In
each microcolony, one worker becomes dominant and
starts laying unfertilized eggs that develop into drones,
while the other workers take care of the brood. Several
developmental parameters were assessed daily, during
50 days, in 10 microcolonies for each treatment: the
number of days until first egg, first pupa, first drone
emergence, the number of drones, the total drone mass
per microcolony, and the average mass per drone. The
microcolonies were kept under standardized laboratory
conditions at 30 °C and continuous darkness during the
experiments. All microcolonies were provided with
Biogluc® sugar syrup ad libitum. The pollen and the
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bacterial treatments are described below for each exper-
iment. All pollen was 15 kGy radiation sterilized.

2.2. Cultivation of bacterial strains

Lactobacillus acidophilus LMG 11430, Lactobacil-
lus crispatus LMG 9479, Lactobacillus kunkeei LMG
18925, Bifidobacterium asteroides LMG 10735 and
LMG 11581, Bifidobacterium coryneforme LMG
19811, and Bifidobacterium actinocoloniiforme R-
53049 were cultured on selective agar plates (Supple-
mentary Table S1). All bacterial strains were obtained
from the Belgian Coordinated Collections of Microorgan-
isms at the Laboratory of Microbiology of Ghent Univer-
sity (BCCM/LMG), except B. actinocoloniiforme R-
53049 which was isolated and identified from a bumble-
bee gut in the lab. All bacteria were cultured at 37 °C in
anaerobic conditions, except L. kunkeei LMG 18925
which was aerobically cultured at 28 °C. Bacterial colo-
nies were picked up from their agar plates 2 to 3 days after
inoculation and cells were suspended into physiological
saline. This bacterial suspension was then added to the
pollen provided to the bumblebee microcolonies.

2.3. Illumina MiSeq sequencing

The composition in the gut microbiota was
assessed by dissection of the mid- and hindgut, using
disinfected dissection material. The gut was subse-
quently crushed in a 170-μL lysozyme solution
(100 mg/mL) and DNA extraction was performed
as described in Meeus et al. (2013). The hypervari-
able V4 region (254 bp) of the 16S rRNA was am-
plified in triplicate, using the 515F and 806R primers
designed by Caporaso et al. (2011). Sample prepara-
tion and Illumina sequencing were performed as
described in Billiet et al. (2015). Sequences derived
from the Illumina Miseq sequencing were analyzed
with the mothur software v. 1.31.1 (Schloss et al.
2009), mainly following the standard operating pro-
cedure available on http://www.mothur.org/wiki/
MiSeq_SOP, date December 2013. The raw data
are publicly available on NCBI’s Sequence Read
Ar ch i v e (SRA) unde r a c c e s s i on numbe r
SRP065023. The analysis of the Illumina data was
performed as described in Billiet et al. (2015). The
reads of the samples were calculated in percentages,
expressing the relative abundance of each OTU. In
this analysis, we chose to retain the OTUs that were

represented by more than 0.05 % of the reads. Com-
munity richness was calculated with the Chao1 esti-
mator (alpha diversity) and community diversity
with the Shannon index (beta diversity). The bacte-
rial evenness (e ) was calculated as e =H /lnS , where
H is the Shannon index and S is the number of
OTUs.

2.4. Experimental setups

2.4.1. Continuous supplementation
of Lactobacillus and Bifidobacterium
strains to low nutritional pollen

In this experiment, we investigated the effects of six
bacterial strains: L. acidophilus LMG 11430, L.
crispatus LMG 9479, L. kunkeei LMG 18925, B.
coryneforme LMG 19811, B. asteroides LMG 10735
and B. asteroides LMG 11581. These bacterial species
were identified in the honeybee gut (Forsgren et al.
2010; Audisio et al. 2011). The strains were continu-
ously administered in the pollen mixture which was
replaced every 2 or 3 days with a freshly prepared
pollen mixture. All microcolonies were fed with low
nutritional pollen consisting of a honeybee-collected
pollen mixture, further referred as pollen A. The pollen
mixture consisted of pollen (90.32 % m /m ), sugar
syrup (6.45 %m /m ), and one bacterial strain suspended
in physiological saline (3.23 % m /m ). The number of
colony-forming units (CFU) per gram pollen for each
treatment is shown in Table I. The 10 microcolonies in
the control group received the same pollen mixture with
pollen (90.32 % m /m ), sugar syrup (6.45 % m /m ), and
physiological saline (3.23 % m /m ), without bacterial
supplementation.

Each bacterial strain was supplied to 10
microcolonies from the start of the experiment (day 0)
until day 42. From day 42 to day 50, all microcolonies
received pollen without bacterial supplementation. We
examined the gut microbial composition of the bumble-
bee workers of the control treatment, L. kunkeei LMG
18925 treatment and L. crispatus LMG 9479 treatment
by use of Illumina sequencing. We therefore sampled
one bumblebee worker of five to six microcolonies of
each of these treatments at day 44. At this point, we
expected the bacterial strain to be present in the diges-
tive tract of the bumblebees. At day 50, we sampled
again one bumblebee worker of the same microcolonies
of these treatments. Detection of the bacterial strain at
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this stage would point toward a potential colonization of
the strain in the bumblebee gut.

Statistical differences in the days until first egg,
first pupa, and first drone were analyzed using the
Kruskal-Wallis test. Statistical differences in the
number of drones, the drone mass per microcolony,
and the mass per drone were analyzed using ANOVA
with two-sided Dunnett’s post hoc test. This test
allows comparison of multiple treatment groups to
one control group. The critical value was P = 0.050.

2 . 4 . 2 . F i t n e s s e f f e c t s o f a s i ng l e
supplementation of L. kunkeei
LMG 18925 to two high nutritional
pollen types

We tested the effect of a single supplementation of L.
kunkeei LMG 18925 to two types of high nutritional
pollen, which will be further referred to as pollen B and
pollen C. Hence, we created 4 groups of 10
microcolonies each: a treatment group and a control
group for both pollen types.

Pollen mixtures were prepared, as described in
the previous bio-assay, with 3.55 × 104 CFU of L.
kunkeei LMG 18925 per gram pollen mixture. The
control treatment received the same pollen mixture,
but without bacterial administration. After the first
week, a freshly prepared pollen mixture was pro-
vided ad libitum without bacterial supplementation
and replaced weekly. Statistical differences in the
days until first egg, first pupa, and first drone were
analyzed using the Mann-Whitney U test. Statistical

differences in the number of drones, the drone mass
per microcolony, and the mass per drone were ana-
lyzed using a two-sided t test.

2.4.3. Three supplementations of bumblebee
isolate B. actinocoloniiforme R-53049

In a third experiment, we tested the effect of
administration with B. actinocoloniiforme R-
53049. This strain was isolated from the gut of
Bombus pascuorum that was sampled in Belgium,
and showed a 100 % (434/434 bp) similarity with
B. actinocoloniiforme strain DSM 22766T (data
not shown). The bacterium was supplemented to
the food by spraying a bacterial suspension on the
pollen at three points of time: on day 0, day 14,
and a last time at day 28. Each microcolony was
provided with 0.5 mL physiological saline
(0.86 % NaCl) in which 1.76 × 109 CFU of B.
actinocoloniiforme R-53049 was suspended. In
the control treatment, 0.5 mL of physiological
saline was sprayed on the pollen by use of a
spraying device. To ensure low nutritional condi-
tions, the microcolonies were fed a pollen mixture
consisting of 30 % pollen and 70 % of a pollen
substitute.

The days until first egg, first pupa, and first drone
between the B. actinocoloniiforme R-53049 treatment
and the control group were analyzed using the Mann-
Whitney U test. Differences in the number of drones,
drone mass per microcolony, and mass per drone were

Table I. The identification details, the biological origin, and the number of colony-forming units (CFU) per gram
pollen of the six bacterial strains used in the first experiment.

Bacterial species Strain number Biological origin Colony-forming units per gram
pollen (CFU/g pollen)

Lactobacillus crispatus a LMG 9479 Eye 3.23× 103

Lactobacillus kunkeei a LMG 18925 Partially fermented grape juice 3.55× 104

Lactobacillus acidophilus a LMG 11430 Human 1.00× 105

Bifidobacterium asteroides LMG 10735 Honeybee, hindgut 1.19× 107

Bifidobacterium asteroides LMG 11581 Honeybee, hindgut 1.29× 107

Bifidobacterium coryneforme LMG 18911 Honeybee, hindgut 5.10× 105

a Bacterial species was 100 % identical with the species isolated from the honeybee gut, but was isolated from another environment
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analyzed using a two-sided t test. The critical value was
P =0.050.

At day 50, we sampled six bumblebees, originating
from three microcolonies to investigate the gut
microbiota.

3. RESULTS

3.1. Continuous supplementation of several
Lactobacillus and Bifidobacterium
strains to low nutritional pollen

3.1.1 . Assessment of developmental
parameters in microcolonies

In the first experiment, we used pollen A for
which the control group produced an average
of 18.2 ± 2.80 drones per microcolony, a total
drone mass per microcolony of 5.27 ± 0.44 g,
and an average mass per drone of 290.2
± 2.6 mg.

The Kruskal-Wallis test showed no signif-
icant differences between treatments in the
number of days until first eggs (P =0.235),
days until first pupa (P = 0.870), and days
until first drone emergence (P =0.574) (sup-
plementary information Table S2). An overall
ANOVA test showed no significant effects on
the total drone mass per microcolony
(P = 0.161; F = 1.603). However, significant
differences could be shown for the number
of drones (P =0.020; F =2.734) and drone
m a s s p e r m i c r o c o l o n y (P = 0 . 0 0 4 ;
F = 3.707). The two-sided Dunnett’s post
hoc test revealed that the continuous treat-
ment with L. crispatus LMG 9479 resulted
i n a h i gh e r numbe r o f d r one s p e r
microcolony (28.1 ± 1.24 drones; P = 0.056)
than the control treatment, with a similar
mass per drone (289.8 ± 6.9 mg; P =1.000).
Compared to the control treatment, also, the
continuous supplementation of L. kunkeei
LMG 18925 resulted in a trend toward a
higher drone production (27.1 ± 3.05 drones;
P = 0.090), with a similar mass per drone
(286.0 ± 5.0 mg; P =0.998). The other bacte-
rial treatments showed no significant differ-
ences when compared to the control group.

3.1.2. Gut microbiota in samples
of treatments L. kunkeei LMG 18925,
L. crispatus LMG 9479, and control

As a continuous administration of L. kunkeei
LMG 18925 and L. crispatus LMG 9479 showed
some positive effects on reproduction, we inves-
tigated the microbial gut composition for these
two treatments and the control group, using
Illumina Miseq sequencing.

Taxonomic identification of the OTUs and their
closest match in GenBank or EzBioCloud are
presented in the supplementary information
Table S3. The genetic distance of an OTU with
its closest bacterial family members is shown for
Lactobacillaceae (supplementary information
Figure S1) and for the Bifidobacteriaceae (sup-
plementary information Figure S1), based on the
254-bp sequence.

L. kunkeei was detected in very low relative
abundances in some samples of all three treat-
ments (Figure 1a, b). Therefore, we cannot con-
clude whether the administration of L. kunkeei
LMG 18925 contributed to colonize the insect
gut. L. crispatus was detected in only 1 of the
11 samples; this was in the L. crispatus LMG
9479 treatment in a sample taken at day 44. The
overall relative abundance of Lactobacillaceae
and Bifidobacteriaceae was not affected by the
administration of L. kunkeei LMG 18925 or L.
crispatus LMG 9479 (Figure 1c, d), and the treat-
ments did not induce major impacts on the com-
munity richness (Chao1 estimator), the communi-
ty diversity (Shannon index), nor evenness
(Figure 1e, f).

3 . 2 . F i t n e s s e f f e c t s o f a s i n g l e
supplementation of L. kunkeei LMG
18925 to two high nutritional pollen
types

The control treatment with high nutritional pol-
len B produced 44.1 ± 4.17 drones per
microcolony in 50 days, with a total drone mass
per microcolony of 13.13±0.84 g and an average
mass per drone of 283.2±14.8 mg. The single
supplementation of L. kunkeei LMG 18925 to
pollen B did not result in a significant faster
colony development, screened by days until first
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Figure 1. The left column (a , c , e ) shows the results of the samples taken at day 44, and the right column (b , d , f )
represents the samples taken at day 50 of the control group, the treatments with L. kunkeei LMG 18925 and L.
crispatus LMG 9479. Error bars represent the standard error. a , b The charts represent the average relative
abundance of L. kunkeei and L. crispatus in the samples in which the bacterium was present. The numbers above
the graph represent the prevalence of this sequence in the corresponding treatment. c , d The chart shows the relative
abundance of all Lactobacillaceae and all Bifidobacteriaceae . e , f The average community richness (Chao1
estimator), community diversity (Shannon index), and evenness for each treatment.
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eggs (P = 0.125; Z = −1.534), first pupa
(P =0.741; Z =−0.331), and first drone emer-
gence (P =0.600; Z =−0.524) (supplementary in-
formation Table S2). Compared to the control
treatment, microcolonies that were supplemented
with L. kunkeei LMG 18925 showed a trend
toward a lower drone production per microcolony
(33.8 ± 3.04 drones; P =0.067) with a similar
mass per drone (285.6 ± 6.9 mg; P = 0.890),
resulting in a significant lower total drone mass
per microcolony (9.54±0.75 g; P =0.006).

The control group fed with pollen C produced
27.9±2.00 drones per microcolony in 50 days, a
total drone mass per microcolony of 8.95±0.55 g,
and a mass per drone of 323.8 ± 8.9 mg. The
supplementation of L. kunkeei LMG 18925 to
pollen C did not induce significant differences in
days until first egg (P =0.503; Z =−0.669), days
until first pupa (P =0.841; Z =−0.200), and days
until first drone (P = 0.412; Z =−0.820). The
number of drones per microcolony was higher
(32.9±3.50) in the control group, but this effect
was not significant (P =0.234). The total drone
mass was also similar (9.56±1.01 g; P =0.603).
The slightly higher number of drones, but the
similar total drone mass, resulted in a significantly
lower mass per drone (290.9±5.3 mg; P =0.005),
compared to that in the control group fed with
pollen C.

3.3. Three supplementations of bumblebee
isolate B. actinocoloniiforme R-53049

3.3.1 . Assessment of developmental
parameters in microcolonies

The control group produced an average num-
ber of drones of 17.7±1.08 with an average drone
mass of 323.5±9.7 mg. Supplementation of B.
actinocoloniiforme R-53049 to the pollen showed
a faster development in days until first egg
(P =0.029; Z =−2.189) and a slightly faster, but
not significant, development in days until first
pupa (P =0.067; Z =−1.831), compared to the
control treatment (supplementary information
Table S1). There was, however, no significant
effect on time of first drone emergence
(P =0.914; Z =−0.108), and it also did not impact
the number of drones (18.7 ± 2.28 drones;

P = 0.696) nor the mass per drone (325.6
±4.0 mg; P =0.843).

3.3.2. Gut microbial composition

B. actinocoloniiforme was never detected in
the samples of the control group (0.00±0.00 %),
while it was present in four out of six sampled
bumblebees of the treatment group. The samples
that were positive for B. actinocoloniiforme had
an average relative abundance of 2.09±1.49 %.
Th e ov e r a l l r e l a t i v e a b u nd a n c e s o f
Lactobacillaceae (L. bombi , L. bombicola , L.
apis , L. kunkeei ) or Bifidobacteriaceae (B. com-
mune, B. coagulans ) were not significantly influ-
enced by the B. actinocoloniiforme R-53049
treatment. No major changes were observed in
the community richness, community diversity,
and evenness.

4. DISCUSSION

In this study, we demonstrated that a continu-
ous administration of L. kunkeei LMG 18925 and
L. crispatus LMG 9479 can positively affect the
drone production, when providing low nutritional
pollen. It remains unclear which mechanisms are
responsible for the increased drone production.
Possibly, the supplemented bacterial strains were
able to aid in nutrient production. It seems likely
that certain bacterial products can benefit bee
health, as it was recently demonstrated that me-
tabolites produced by Lactobacillus johnsonii
CRL 1647 can increase the honeybee colony fit-
ness (Maggi et al. 2013). Besides nutrient produc-
tion, bacteria can also help in the digestion of the
pollen grain. A thick pollen wall surrounds the
inner nutrient-rich protoplasm (Roulston and
Cane 2000). Bacteria can produce digestive en-
zymes softening the pollen wall and helping to
release the nutrients from the pollen grain (Engel
et al. 2012), and in this way are able to release
more proteins needed for reproduction and ovary
development (Hoover et al. 2006) or release more
amino acids which have been proven to have an
effect on the reproduction and growth rate of
bumblebee larvae as well (Moerman et al. 2016).
We could, however, not demonstrate a similar
positive effect when L. kunkeei LMG 18925
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was administered only once to high nutritional
pollen B, as it even led to a decrease in drone
production. A possible explanation for these find-
ings could be that the effect of microorganisms on
their host could be dependent on environmental
variables, such as dietary composition. In the case
of nutritionally optimal pollen, bumblebees might
not need supplementary nutrients provided by the
bacteria nor their help in digestion and L. kunkeei
LMG 18925 might consume more nutrients from
the pollen than it produces for the host. Only for
the digestion of low nutritional pollen, which
could be either difficult to digest or lacking certain
nutrients, bumblebees seemed to benefit from the
bacterial administration. The principle of context-
dependent benefits of bacteria has been described
in aphids: when a parasitoid wasp deposits an egg
inside its aphid host, the developing parasitoid
wasp larva ultimately kills the host (Oliver et al.
2003, 2008) . The secondary symbiont
Hamiltonella defensa is able to inhibit the para-
sitoid development and protects the aphid. Al-
though the aphid does not get killed and thus
benefits from the bacterial presence, the protection
of H. defensa is not free of costs to the aphid, as
H. defensa consumes many nutrients from the
aphid. Aphids carrying H. defensa have reduced
fecundity and are outcompeted by aphids that do
not carry the costly secondary symbiont in envi-
ronments where no parasitoids are present
(Vorburger and Gouskov 2011). Thus, in optimal
conditions, the bacterium has a negative effect on
the host, while in unfavorable conditions, it is
beneficial for the host.

Even though we found positive effects in the
continuous administration of L. kunkeei LMG
18925 and L. crispatus LMG 9479, we could
not confirm their presence in the gut. For the
microbial analysis, we only sampled the mid-
and hindgut. It remains possible that these bacteria
did colonize other parts of the gut, such as the
crop. In honeybees, it has been shown that the
crop harbors a rich diversity of lactic acid bacteria
which are tightly attached to the crop wall in a
biofilm layer (Olofsson and Vasquez 2008;
Olofsson et al. 2014). For future investigations,
we propose to investigate the crop, midgut, and
hindgut separately, as some bacteria might be
restricted to a certain region in the digestive tract.

Host specificity might also play a role in the
colonization success of a bacterium. Earlier stud-
ies in Apis and Bombus demonstrated that native
strains of Snodgrassella showed higher levels of
colonization, than non-host Snodgrassella strains
(Kwong et al. 2014), which points toward a cer-
tain degree of host specificity between microbes
and their host. Most of the bacteria administered
in our experiments were not Bombus specific,
with the exception of B. actinocoloniiforme R-
53049 which was isolated from the gut of a wild
B. pascuorum and which was previously also
found in the guts of wild B. terrestris (Meeus et
al. 2015). Our experiments confirmed that B.
actinocoloniiforme was not present in the gut of
the reared bumblebees of the control treatment,
but three administrations of this bacterium seemed
sufficient to colonize the gut of the majority of the
sampled bumblebees. Regarding administration
frequency, possibly, a few administrations will
be sufficient to colonize the gut when applying a
host-specific bacterium.

Although B. actinocoloniiforme R-53049 was
not able to improve microcolony performance, it is
still worthwhile to look further into the effects of the
gut bacteria and expand the parameters that we
assessed. One especially interesting parameter
would be immunity. In our experiments, all colonies
were kept under optimal conditions and did not
come into contact with potential pathogens. In pre-
vious studies with honeybees, beneficial effects of
the presence of certain lactic acid bacteria on immu-
nity could be demonstrated (Koch and Schmid-
Hempel 2011). When bumblebees are placed out-
side in the field and encounter bee diseases from
wild bees, the reared bumblebees should be as
immunocompetent as possible and the introduction
of host-specific bacteria might be helpful.

We can conclude that our study represents a first
screening of the potential of probiotic strains in
bumblebees and the possible effects for bumblebee
rearing. We identified two bacteria, L. kunkeei
LMG18925 and L. crispatus LMG9479, showing
potential to improve colony performance, but we
could not demonstrate their ability to colonize the
gut. Further research is needed to identify the un-
derlying mechanisms of their beneficial effect. We
also demonstrated that B. actinocoloniiforme R-
53049 could effectively colonize the bumblebee

48 A. Billiet et al.



gut, but this bacterium did not improve colony
performance under laboratory conditions. Further
research could expand this study to field conditions
to assess possible effects on immunity. At this
point, there is still not enough knowledge on the
functions of the bacteria in the bumblebee gut. In
order to develop probiotics for bumblebees, more
research should be done with other bacterial spe-
cies, the combination of several bacteria or prebi-
otics, and the application methods like the admin-
istration frequency.
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