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Bacteria belonging to the genus Bacillus associated
with three species of solitary bees *
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Summary — Brood provisions from Centris flavofasciata and Xylocopa californica arizonensis, lar-
val feces and pollen collected by X ¢ arizonensis, and the alimentary canal of adult female Crawford-
apis luctuosa were examined for micro-organisms, particularly spore-forming bacteria belonging to
the genus Bacillus. Bacillus species were associated with some samples from all 3 bees. Brood pro-
visions of C flavofasciata contained B licheniformis. Bacillus cereus, B subtilis, and an unidentified
Bacillus similar to B sphaericus were isolated from the gut of Crawfordapis. Pollen collected by X ¢
arizonensis contained B circulans, B pumilus, and B subtilis. The latter species was also associated
with provisions of a young carpenter bee larva. These resuits and our previous findings on microflora
of Anthophora sp, Apis mellifera, Centris pallida, Melipona fasciata, and a necrophage of the genus
Trigona demonstrate that Bacillus species are common associates of Apoidea and could participate
both in metabolic conversion of food and in the control of competing and/or spoilage micro-
organisms.

Apoidea / micro-organism / Bacillus

From our previous results which demon-
strated the association of spore-forming
bacteria belonging to the genus Bacillus
with the stored food of both social and soli-
tary species of Apoidea, we postulated
that female bees may inoculate food with
Bacillus species which could pre-digest,
convert, and/or preserve stored food
(Gilliam, 1979; Gilliam et al, 1984, 1985,
1990). Since Bacillus species are recog-

nized and utilized for their ability to pro-
duce and secrete numerous enzymes, an-
tibiotics, and fatty acids, they could play a
role both in the metabolic conversion of
food of bees and in the control of compet-
ing or spoilage microbes.

Associations of Bacillus species with
pollen collected and stored by honey bees,
Apis mellifera (Gilliam, 1979), and by a
stingless bee, Melipona quadrifasciata
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(Machado, 1971), have been reported.
Machado (1971) also found at least 1 spe-
cies of Bacillus in the larval food of 13
stingless bee species. Gilliam et al (1984,
1985) examined larval provisions of Antho-
phora sp, Centris pallida, and an obligate
necrophage of the genus Trigona and
found that all contained 1-5 species of Ba-
cillus but no other micro-organisms. The
same species of Bacillus (B circulans, B Ii-
cheniformis, B megaterium, B pumilus,
and B subtilis) were found in glandular cell
provisions made by the Trigona in the trop-
ical wet forest and in pollen collected and
stored as bee bread by A mellifera in the
Arizona desenrt. Bacillus circulans was iso-
lated from larval provisions of the solitary,
soil-nesting bees, Anthophora sp and C
pallida; B coagulans, B firmus, and B meg-
aterium were also present in provisions of
C pallida. Recently, we reported B alvei, B
circulans, and B megaterium from stored
food of a social stingless bee, Meljpona
fasciata, from Panama (Giliam et al,
1990). Bacillus megaterium was isolated
from brood provisions, pollen from storage
pots, and honey from storage pots. The 2
other species of Bacillus were found in a
few honey and brood provision samples
but not in stored pollen. Few other micro-
organisms were found.

In this paper, we report Bacillus species
associated with 3 species of solitary bees.
Unfortunately, solitary bees and their pro-
visions are not readily obtainable. Nesting
sites are difficult to locate, and bees and
provisions are present only for a few days
or weeks within the year. Centris flavofas-
ciata samples were collected in Guana-
caste Province, Costa Rica in February
1986. Crawfordapis luctuosa adult females
were obtained in October 1983 from a
nesting aggregation described by Roubik
and Michener (1985) in Chiriqui Province,
Panama. Samples from the carpenter bee,
Xylocopa californica arizonensis, from Box

Canyon in the Santa Rita Mountains in
southern Arizona were collected in May
1986. The first 2 bee species nest in soil; X
¢ arizonensis nests in the previous sea-
son's infructescences of Agave, Yucca,
and Dasylirion (Agavaceae). Centris and
Xylocopa are anthophorids, and Crawford-
apis is a colletid bee.

Bees and cells were frozen at — 20 °C
and/or freeze-dried until samples (table I)
were removed for microbiological analyses
for bacteria, molds, and yeasts by proce-
dures previously described (Gilliam et al,
1985, 1990). Adult Crawfordapis female
bees were surface-sterilized with ethanol,
rinsed in 3 washes of sterile distilled water,
and dissected under sterile conditions to
remove the alimentary tract which was di-
vided into 2 sections, esophagus plus crop
and ventriculus through rectum, each of
which was individually homogenized in 1
ml of sterile distilled water and then plated.
Polien and fecal pellets from Xylocopa
were also homogenized before plating.
The pollen sample had been collected by
the female, mixed with nectar, and stored
outside the cells against the burrow wall
close to the entrance hole. Brood provi-
sions from individual cells were plated di-
rectly. Nutrient agar, TYG (tryptic soy agar
with glucose and yeast extract), Czapek
solution agar, YM-1 agar, and thioglycol-
late medium incubated at 25 °C and 37 °C
were the isolation media. Thioglycollate
medium was used to test for the presence
of microaerophilic and anaerobic organ-
isms, and any growth in these tubes was
transferred to nutrient agar and TYG
plates. When growth on these media was
poor, plates of brain heart infusion agar
were also inoculated. Plates were incubat-
ed aerobically, under 5% CO,, and
anaerobically to determine whether the or-
ganisms were facultative, microaerophilic,
or anaerobic.
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Table I. Micro-organisms associated with 3 solitary bees. 2 EC = esophagus and crop; b VR = ventricu-
lus through rectum; ¢ ND = not determined.

Bee Sample Micro-organism Number of isolations
Centris flavofasciata provision 1 (egg) Bacillus licheniformis 3
provision 2 (larva) B licheniformis 2
orange actinomycete 1
white mold 1
Crawfordapis luctuosa Female 1
ECa NDe¢
VRb B subtilis 9
Female 2
EC none
VR none
Female 3
EC Gram-positive anaerobic
bacterium 2
VR none
Female 4
EC none 1
VR B cereus
Female 5
EC none
VR unidentified Bacillus sp 2
Xylocopa californica provision 1
arizonensis (large larva) mucoid bacterium 8
white mold 5
brown mold 1
feces bacterium 1
provision 2
(large larva) small yeast 5
feces mold 1
provision 3
(large larva) mold 2
small yeast 1
feces none
provision 4
(very young larva)  Alternaria sp 3
B subtilis 2
Stachybotrys sp 1
provision 5
(late first instar larva) small yeast 15
mold 1
feces from larvae 6 none
pollen small yeast 9
gray mold 4
B pumilus 2
green mold 2
white mold 2
B circulans 1
B subtilis 1
Streptomyces sp 1
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Bacillus species were associated with
some of the samples from each of the 3
bee species tested (table 1). Brood provi-
sions of C flavofasciata contained B Ii-
cheniformis. Bacillus cereus, B subtilis,
and an unidentified Bacillus, which gave
reactions in taxonomic tests that were
closest to those for B sphaericus, were
isolated from the gut but not the crop of
Crawfordapis adult females bees. Pollen
collected by X c arizonensis contained B
circulans, B pumilus, and B subtilis. The
latter species was also isolated from provi-
sions containing a young carpenter bee
larva.

Pollen (74% Prosopis, 22% Fouquieria,
4% Argemone, 0.4% Liliaceae, 0.4% mis-
cellaneous legumes) collected and stored
by X ¢ arizonensis contained the same Ba-
cillus species as almond, Prunus dulcis,
pollen collected and stored by A mellifera
with the exception of B megaterium
(Gilliam, 1979). Bacillus licheniformis and
B subtilis, species isolated from brood pro-
visions in the present experiment, were
also found previously in brood provisions
of the necrophage of the genus Trigona
(Gilliam et al, 1985). Bacillus cereus and B
subtilis, isolated from Crawfordapis ventric-
ulus-rectum, have been reported from the
alimentary canal of A mellifera workers
(Gilliam and Valentine, 1976; Gilliam and
Morton, 1978) and queens (Gilliam, 1978).

Since the aim of our study was to deter-
mine associations of Bacillus species and
bees, detailed efforts were not made to
identify other micro-organisms that were
isolated. From the limited samples avail-
able for analyses, it appears that diverse
microbial associations as found previously
for A mellifera (Gilliam, 1989) may occur
with the carpenter bee, X ¢ arizonensis,
since bacteria, yeasts, and molds were
isolated.

Since 3 of 5 female Crawfordapis con-
tained Bacillus species in the gut, exami-

nation of additional bees and brood provi-
sions, which were unavailable when our
collections were made, are necessary to
determine whether Bacillus species are re-
sponsible for the absence of other mi-
crobes in the gut and whether they are
transferred to provisions. Microbiological
data from C pallida (Giliam et al, 1984)
and C flavofasciata show the association
of Bacillus, although of different species,
with Centris.

As a screening process to assess po-
tential enzymatic contributions by the Ba-
cillus species isolated, strains were tested
for production of 19 enzymes with the API
ZYM system as previously described
(Gilliam et al, 1985). Ten of the 19 en-
zymes were produced by strains associat-
ed with each of the 3 bees, although the
specific enzymes varied (table II). All
strains produced caprylate esterase-lipase.
Enzymes produced in the highest concen-
trations were as follows: acid phosphatase
(= 40 nanomoles) by B cereus and B subti-
lis from Crawfordapis, chymotrypsin (= 30
nanomoles) by B circulans from pollen col-
lected by Xylocopa and by B subtilis from
Crawfordapis, alkaline phosphatase (= 30
nanomoles) by B pumilus from pollen col-
lected by Xylocopa, caprylate esterase-
lipase (= 30 nanomoles) by B pumilus and
B subtilis from pollen collected by Xyloco-
pa, and leucine aminopeptidase (= 30 nan-
omoles) by B subtilis from Crawfordapis.

Results from taxonomic tests showed
that all isolates produced catalase. All iso-
lates from C flavofasciata and Xylocopa
produced proteases that hydrolyzed case-
in; all from Xylocopa fermented glucose
with acid production and produced pro-
teases that liquefied gelatin; all from Cen-
tris produced amylase, reduced nitrates to
nitrites, and fermented glucose, arabinose,
mannitol, and trehalose with acid produc-
tion; and all from Centris and Crawfordapis
and most from Xylocopa grew in acid pH
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Table 1. Summary of enzymes produced by Bacillus species associated with 3 species of solitary

bees. 2 V = variable.

Centris Crawfordapis Xylocopa
Enzyme flavofasciata luctuosa californica
arizonensis

Alkaline phosphatase + + Vv
Butyrate esterase va - \
Caprylate esterase-lipase + + +
Myristate lipase - - -
Leucine aminopeptidase + \ +
Valine aminopeptidase - \ \')
Cystine aminopeptidase - -
Trypsin - \ -
Chymotripsin v + \'
Acid phosphatase \ + \'
Phosphamidase \' + v
o-Galactosidase - - -
B-Galactosidase + - -
B-Glucuronidase - - -
a-Glucosidase + Vv \
B-Glucosidase Vv \ \

N-Acetyl-p-glucosaminidase
a-Mannosidase
a-Fucosidase -

and at high osmotic pressure. Otherwise,
there was variability in these characteris-
tics with the exception of the failure of iso-
lates from Crawfordapis to ferment arabi-
nose, mannitol, and xylose.

Therefore, based on results from taxo-
nomic tests and the APl ZYM system, iso-
lates from provisions of Centris were the
most active with regard to carbohydrate
catabolism, and those from the ventriculus-
rectum of Crawfordapis were the least ac-
tive. Isolates from all sources produced en-
zymes involved in protein and lipid catabo-
lism. These data provide information on
the biochemical capabilities of the bacteria,
but further work is necessary to ascertain
how they relate to the metabolism and bio-
chemistry of the bees.

Our work on the association of Bacillus
species and bees is continuing as more
material becomes available. After these
surveys are completed, more detailed re-
search will be required to assess the dy-
namics, ecology, and specific contributions
of these micro-organisms to bees.
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Résumé — Bactéries appartenant au
genre Bacillus associées a trois es-
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péces d'abelilles solitaires. Afin de pour-
suivre linventaire des bactéries sporu-
lantes a Gram positif du genre Bacillus,
nous avons mené une étude microbiologi-
que des provisions & couvain de Centris
flavofasciata et de Xylocopa californica ari-
zonensis, du tube digestif de la femelle
adulte de Crawfordapis luctuosa, des
fécés de larves de X c arizonensis et du
pollen collecté par celle-ci. Des espéces
de Bacillus ont été trouvées dans certains
échantillons de ces 3 abeilles. Les provi-
sions a couvain de C flavofasciata conte-
naient B licheniformis. B cereus, B subtilis
et un Bacillus non identifié, semblable a B
sphaericus, ont été isolés de lintestin de
Crawfordapis. Le pollen récolté par X c ari-
zonensis contenait B circulans, B pumilus
et B subtilis. Cette derniere espéce était
aussi associée aux provisions d'une jeune
larve de xylocope.

Ces résultats sont comparés avec les
précédents concernant la microflore d'An-
thophora sp, Apis mellifica, Centris pallida,
Melipona fasciata et une abeille nécro-
phage du genre Trigona. lls montrent que
les espéces de Bacillus sont communé-
ment associées aux Apoides. Ces bacté-
ries pourraient prendre part, a la fois a la
transformation métabolique de la nourri-
ture des abeilles et a la lutte contre les
micro-organismes concurrents qui gatent
la nourriture.

Apoidea / microorganisme / Bacillus

Zusammenfassung — Bakterien aus
der Gattung Bacillus, die bei drei Arten
Solitirer Bienen vorkommen. Um
zusétzliche Bienenarten auf das Vorkom-
men  Gram-positiver,  sporenbildender
Bakterien aus der Gattung Bacillus zu
Uberpriifen, wurden mikrobiologische Un-
tersuchungen durchgefihrt an 1) Brut-
Nahrungsvorraten von Centris flavofascia-
ta; 2) dem Verdauungstrakt adulter Weib-

chen von Crawfordapis luctuosa; 3) Brut-
Nahrungsvorraten, Larven-Féazes und Pol-
len aus Nestern von Xylocopa californica
arizonensis. Bei allen diesen drei Bienen
wurden in einigen Proben Bacillus-Arten
gefunden. Die Brutnahrung von C flavofas-
ciata enthielt B licheniformis. Bacillus cere-
us, B subtilis und ein unbestimmter Bacil-
lus, dhnlich dem B sphaericus, wurden aus
dem Darm von Crawfordapis isoliert. Der
von X ¢ arizonica gesammelte Pollen ent-
hielt B circulans, B pumilus und B subtilis.
Letzere Art kam auch in den Vorréten ein-
er jungen Larve der Holzbiene vor. Diese
Resultate werden mit unseren friheren Er-
gebnissen tiber die Mikroflora von Antho-
phora, Apis mellifera, Centris pallida, Meli-
pona fasciata und einem Nekrophagen
(Aasfresser) der Gattung Trigona vergli-
chen. Sie zeigen, daB Bacillus-Arten bei
den Apoidea ganz allgemein vorkommen.
Diese Bakterien kénnten sowohi an der
metabolischen Umwandlung der Bienen-
nahrung wie an der Kontrolle der konkur-
rierenden, die Nahrung verderbenden Mik-
roorganismen beteiligt sein.

Apoidea / Mikroorganismus / Bacillus
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