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Yeasts Isolated from Honey Bees, Apis mellifera, Fed 2,4-D and
Antibiotics"*
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Yeasts belonging to seven species were isolated and identified from the intestines of
388 adult worker honey bees, Apis mellifera. Torulopsis magnoliae, Candida parapsilosis,
and Torulopsis grabrata were found in bec guts most frequently. The intestines of bees
from colonics fed a combination of Terramycin and Fumidil B contained few or no yeasts.
More guts of bees from colonies fed 24-D contained yeasts than thosz examined from

bees from control colonies.

INTRODUCTION

For several years we have been investi-
gating the microflora of honey bees, Apis
mellifera (Gilliam, 1971, 1973; Gilliam and
Prest, 1972; Gilliam and Valentine, 1974;
Gilliam and Morton, 1974; Gilliam et al.,
1974). As a result, in a previous publication
(Gilliam, 1973), it was suggested that
veasts in adult worker honey bees may he
indicators of a stress condition since few,
if any, veasts remain viable in the intes-
tines of bees from healthy free-flying
colonies.

Although yeasts are abundant in nectar
and honey, few reports exist on veasts iso-
lated from honey bees. Table 1 summarizes
the available data on yeasts found in honey
hees. Organisms in the genera Candida and
Torulopsis appear to dominate the yeast
flora.

Since we were unable to isolate yeasts
from bees obtained from healthy, free-
flving colonies (Gilliam, 1973), we report

'In cooperation with the Arizona Agricultural
Experiment Station.

? Mention of a proprietary product or company

name does not constitute an endorsement of this
product by the U.S. Department of Agriculture.

here the results of the examination of the
veast flora of the intestinal contents of
adult worker bees from eaged colonies fed
(2,4-dichlorophenoxy) acetic acid (2,4-D),
a1 combination of Terramycin (oxytetra-
cycline) and Fumidil B (fumagillin), or
untreated pollen patties. These materials
were seleeted because (1) antibioties have
been reported to deerease the bacterial flora
of bees and to inercase the yeast flora
(Hajsig, 1959; Mitroiu ct al., 1966; Toma-
see, 1957) and (2) because 2,4-D has a
-ariety of effeets on plants, animals, and
microorganisms (Barrier et al, 1970;
Parry, 1973). Also, we had previously ex-
amined Enterobacteriaceae (Gilliam and
Morton, 1974) and fungi (Gilliam et al.,
1974) from bees fed these antibiotics and
24.D.

MaTERIALS AND METHODS

Colonies were established, ecaged, main-
tained, and fed 2,4-D and the antibiotics
TM-25 (25 g oxytetraceyeline/1-1b formula-
tion) and TFumidil B as previously de-
seribed (Gilliam and Morton, 1974). In the
first test, 24-1D and the antibiotics were
initially fed on July 14, 1971. In the second
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TABLE 1

YeasTs Isoratep rrom Hoxey Bers

Yeast

Source of yeast

Reference

Brettanomyces sp.

Candida sp.

Candida albicans

Candida brumptii
Candida guilliermondii

Candida guilliermondii var,
membranefaciens
(= Pichia ohmert)
Candida krusei

Candida lipolytica
Candida macedoniensis
Candida parapsilosis

Candida pelliculosa

(= Hansenula anomala)
Candida pulcherrima

(= Metschnikowia pulcherrima)
Candida renkaufii

( = Metschnikowia reukaufit)
Candida rugosa
Candida scottit
Candida solani
Candida tenuis
Candida tropicalis

Cryplacoccus sp.
Cyrplococcus alvearis
Debaryomyces disporus

( =Pichia dispora)
Debaryomyces hansenit
Debaryomyces kloecker:

( = Debaryomyces hansenit)
Hansenula anomala

Kloeckera sp.
Kloeckera apiculata
Metsehnikowia pulcherrima
Metschnikowia reukaufii
M yeoderma cerevisiae

( = Candida vini)

Pityrosporum sp.

Rhodotorula sp.

Intestinal contents of adult bees
fed antibioties or sulfathinzole
—--do--
Intestines of adult hees
Guts of diseased adult bees
Intestinal contents of larvae
Intestinal contents of adult bees
fed antibioties or sulfathinzole
Intestines of aduli bees
-~ do--
Intestinal contents of adult bees
fed antibiotics or sulfathiazole
Digestive tracts of adult bees

Intestinal contents of adult bees
fed antibiotics or sulfathinzole
-—do- -
—-do --
—do—
Intestines of adult bees
Digestive tracts of adult bees

Digestive tracts of adult hees

Intestines of adult bees

Intestinal contents of larvae

Honey stomach of adult bees

Intestines of adult bees

Intestines of larval and adult hees

Intestines of adult bees

Intestinal contents of adult hees
fed antibioties or sulfathiazole

—do—
Diseased larvae
Intestines of adult bees

Intestinal contents of larvae
Intestines of adult bees

Midgut of adult hees

Intestines of adult bees

Intestinal contents of adult bhees
fed antibioties or sulfathiazole

Honey stomach of adult bees

—do—

Honey stomach and midgut of
adult bees

Guts of adult bees

Intestinal contents of adult bees
fed antibiotics or sulfathinzole

Discolored drone and worker
larvae and worker pupac

Mitroiu et al., 1966

—do—
Iigorova and Bab'’eva, 1967
Vecchi, 1959
Hajsig and Kamburov, 1966
Mitroiu et al., 1966

Egorova and Bab’eva, 1967
—do—
Mitroiu ct al., 1966

Hajsig, 1959

Mitroiu et al., 1966

—do—

—do—

—do—
Egorova and Bab’eva, 1967
Hajsig, 1959

Hajsig, 1959

Egorova and Bab'eva, 1967
Hajsig and Kamburov, 1966
Batra el al,, 1973
Egorova and Bab’eva, 1967
—do—
—do
Mitreiu et al,, 1966

—do~-
Veechi, 1959
Egorova and Bab’eva, 1067

Hajsig and Kamburov, 1466
Cgorova and Bab'eva, 1167

Batra et al,, 1973
Egorova and Bab’eva, 1967
Mitroiu et al., 1866
Batra et al,, 1973
—do—
—do—
Burnside, 1930 2
Mitroiu et al., 1966 -

Prest et al., 1974
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Yeast

Source of yeast

Reference

Rhodotorula glulinis

Rhodotorula mucilaginosa
( = Ithodotorula rubra)

Saccharomyces apiculuatus
Saccharomyces cerevisiae

Saccharomyces ellipsoideus

(= Suaccharomyces cerevisiae)

Saccharomyces fructuum

(= Saccharomyces chevalieri)

Saccharomyces rourii
Saccharomycodes ludwigit

Schizosaccharomyces sp.
Torulopsis sp.

Torulopsis apicola
Torulopsis bacillaris

(= Torulopsis stellala)
Torulopsis famata

(= Torulopsis ecandida)
Torulopsis etchellsit
Torulopsis magnoline

Torulopsis molischiana
Torulopsis sake

(=Candida sake)
Torulopsis stellata
Torulopsis versatilis
Willia anomala

(= Hansenula anomala)
Zygosaccharomyces sp.

Honey stomach and feces of
adult bees

Intestines of discased larvae

Intestinal contents of adult bees
fed antibioties or sulfathinzole

Intestinal canal of bees

Houey stomach of adult bees

Digestive tracts of adult bees

Honey stomach of adult bees

Intestines of larvae

—do—

Intestinal contents of larvac
Honey stomach, midgut, and

excreta of adult bees
Honey stomach of adult bees
Intestines of adult bees
Digestive tracts of diseased hees
Digestive tracts of adult bees
Intestinal contents of larvae
Intestinal contents of adult hees

fed antibiotics or sulfathinzole
Guis of diseased adults
Digestive tract of adult bees
Intestinal contents of larvae

Intestines of adult bees
Digestive tracts of adult bees
Intestines of adult bees
Digestive tracts of adult bees
Intestinal contents of larvae
Guts of bees
Intestines of adult bees
—do—

Intestines of larval and adult bees
Intestines of adult hees

Intestines of bees

Honey stomach of adult bees

Batra et al., 1973

Egorova and Bab’eva, 1967
Mitroiu et al., 1966

Burnside, 1930
Batra et al, 1973
Hajsig, 1959
Burnside, 1930

Ligorova and Bab'eva, 1967

Batra et al,, 1973
Iajsig and Kamburov, 1966
Batra et al,, 1973

—do—
gorova and Balyeva, 1967
Giordani, 1952
Hajsig, 1959
Hajsig and Kamburov, 1966
Mitroiu et al., 1966

Veeehi, 1959
Hajsig, 1959
Hajsig and Kamburov, 1966

Egorova and Balyeva, 1967
Hajsig, 1959

Fgorova and Bab’eva, 1967
Hajsig, 1959

Hajsig and Kamburov, 1966
van Uden and Vidal-Leiria, 1971
Egorova and Bab'eva, 1967

—do—

—do—
—do—

Veechi, 1959

Batra et al,, 1973

test, they were fed for the first time on Sep-
tember 17, 1971.

Briefly, the procedure was to feed all col-
onies 1-Ib pollen patties (maintenance
diet), which were replenished weekly. Col-
onies receiving the herbicide were fed the
dimethylamine salt of 2,4-1D at a concen-
tration of 1000 ppm active ingredient by
weight in 60% sucrose-water solution from
a jar placed directly above the frames con-
taining brood (Morton and Moffett, 1972).

The mixture of herbicide and syrup was re-
plenished twice a week. Colonies fed anti-
biotics were given the maintenance diet
plus 15 g TM-25 and 15 g Fumidil B in
addition to 60% sucrose-water solution.
Control colonies received the maintenance
diet and 60% sucrose—water solution. I'resh
water was available to all colonies.
Hives were placed outdoors in
12 X 12 X 9-ft Saran mesh cages. In the
first test, we placed cach of the three hives
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TABLE 2
Yeasts IsoLaten rroM CoNtroL Bres, Bees
Fep 2,4-D, AnNb Bies FeEp OXYTETRACYCLINE
axp FuemaGiLuis

Number of
bee guts

containing
Organism the organism
Torulopsis magnoliae Lodder et
Kreger-van Rij 97
Torulopsis glabrata (Anderson)
Lodder et de Vries 41
Candida parapsilosis (Ashford)
Langeron et Talice 36
Hansenula anomala (Hansen) H.
et P, Sydow 13
Saccharomyces bailii Lindner var.
osmophilus van der Walt 2

Rhodotorula minuta (Saito)

Harrison var. minula 2
Cryptococcus albidus (Saito)

Skinner var. aerius (Saito)

Phafl et Fell
Unidentified 2

receiving a different treatment in a separate
cage. In the sccond test, three colonies re-
ceiving the same treatment were placed in
the same cage. Altogether we examined bees
from 12 colonies: four control colonies,
four colonies treated with 2,4-1), and four
colonies fed antibiotics.

In the first test, three adult worker bees
from cach colony were examined weekly.
The intestinal tracts were aseptically re-
moved and individually homogenized in 2.5
ml of sterile 0.85% NaCl as previously
described (Gilliam and Prest, 1972). A
loopful of the homogenate from each bee
was streaked in duplicate on cach of the
following solid media in petri dishes:
trypticase soy agar (BBL), Lindegren
yeast agar (Difco), and Czapek solution
agar (Difco). All plates were incubated
under acrobic conditions at 25°C for 14
days.

In the second test, every 3 wk the intes-
tines of two bees from each colony were in-
dividually homogenized in 2.5 ml of sterile
thioglycollate 135C medium (BBL). Euach
homogenate was streaked in duplicate on

ET AL.

trypticase soy agar, eugonagar (BBL), and
Czapek solution agar. One plate was incu-
bated at 25°C and one at 37°C under
aerobic conditions for 14 days.

Selected yeast colonies were restreaked
for purity on malt extract-ycast extract
agar plates containing 1% glucose and were
maintained on slants of this medium
(Wickerham, 1951), Morphological and
physiologieal tests were conducted accord-
ing to Wickerham (1951), and isolates were
identified according to Lodder (1970).

In the first test, bees were sampled from
July, 1971 to January, 1972, when the her-
bicide-fed and antibiotic-fed colonies died.
In the second test, bees were sampled from
September, 1971 to August, 1972, though
all herbicide-fed colonies had died by April,
1972, one of the antibiotie-fed colonies died
in June, 1972, and a control colony died in
May, 1972

REsuULTS

Yeasts belonging to seven species were
isolated and identified from the 388 hees
that we examined (Table 2}. The two uni-
dentified yeasts belong to the same species.
Torulopsis magnoliae, Candida parapsilo-
sis, and T. glabrata were found in bee guts
most frequently. Isolations were made on
all media used and at both 25° and 37°C
ineubation temperatures.

Table 3 shows the organisms isolated in
the first test. Fifty-three isolates were from
hees fed 2,4-D, 14 from econtrol bees, and
only six were from bees fed antibiotics.
Therefore, in this test 2,4-D increased the
number of bee guts containing yeasts and
the antibioties deereased the number. All
organisms, including the veasts, were elimi-
nated from the bees fed with antibiotics ap-
proximately 3 mo after the antibioties were
incorporated in the dicts. Torulopsis mag-
noliee was the yeast found most frequently
in the first test.

Table 4 gives the results of isolations in
the second test. Although the colonies fed
2,4-D were sampled for only 7 mo, 72 iso-
lates were from these bees, 43 isolates were

-
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TABLE 3
Yeasts IsoLatep rrom Hoxky
Brres—First Test

Number
of bee
guts con-
Treat- Date taining
Organism ment* isolated  the yeast
Torulopsis
magnoliae H 8,23/71 1
T. magnoliae H 9/13/71 3
T. magnoliae H 9,/20/71 3
T. magnoliae H 9/27/71 3
T. magnoliae I 10/4/71 3
Saccharomyces
batlii var.
osmophilus C 10/4/71 1
Hansenula
anomala A 10/4/71 3
7. magnoliae H 10/12/71 3
H. anomala A 10/12/71 3
Saccharomyces
bailil var.
osmophilus > 10/12/71 1
H. anomala > 10/18,/71 1
Cryplococcus
albidus var,
aerius C 10/18/71 1
Rhodoltorula
minula var.
minula C 10/18/71 2
T. magnoliae H 10/18/71 3
T. magnoliae H 10/26/71 3
T. magnoliae H 11/1/71 3
7. magnoliae H 11/8/71 3
7. magnoliae H 11/15/71 3
T. magnoliae H 11/22/71 3
7. magnoliae H 11/29/71 3
7. magnoliae H 12/6/71 3
T. magnoliae H 12/13/71 3
T. magnoliae C 12/13/71 2
Unidentified C 12/13,71 2
T. magnoliae H 12/20/71 3
Torulopsis
glabrata H 12/20/71 1
T. magnoliae H 12/27/71 3
T. glabrata 51 12/27/71 3
T. glabrata C 12/27/71 1
T. magnoliae C 12/97/71 3

a C = control; II = 2,4-1); A = antibiotics.

from control bees that were sampled for 9
mo, and only six isolates were obtained
from Dbees treated with antibiotics which
were sampled for 11 mo. Thus, the results
of both tests demonstrated that 2,4-D in-

353

creased the number of bee guts containing
veasts and that antibiotics decreased the
number. Torulopsis magnoliae, T. glabrala,
and Candida parapsilosts were isolated
most frequently in this test.

Saccharomyces bailii var. osmophilus,
Rhodotorula minuta var. minuta, and
Cryptococcus albidus var. aerius were iso-
lated infrequently in the first test but were
not found in the second test. Candida
parapstlosis was isolated frequently in the

TABLE 4
YEeasts IsoLarep rntom Hoxey
Brrs—Secoxp TEesT

Number
of bee
guts con-
Treat- Date taining
Organism ments isolated the yeast
Torulopsis
magnoliae H 10/18/71 6
T. magnoliae C 10/18/71 3
T. magnoliae C 11/9/71 1
7. magnoliae H 11/9/71 1
T. magnoliae H 11/30/71 3
T. magnoliue C 12/21/71 6
7. magnoliae A 12/21/71 3
Torulopasis
glabrala H 12/21/71 6
T. glabrata H 1/11/72
7. magnoliae A 1/11/72
7. magnoliae C 2/1/72 3
T. magnoliae H 2/1/72 6
T'. magnoliae A 2/1/72 1
T. glabrata H 2/1/72 6
Candida
parapsilosis H 2/1/72 6
C. parapsilosis H 2/23/72 6
7. glabrata H 2/23/72 6
C. purapsilosis C 2/23/72 1
T. magnoliae C 2/23/72 6
T. glabrala H 3/14/72 6
C. parapsilosis H 3/14/72 4
C. parapsilosis H 4/4/72 4
T. glabrata H 4/4/72 6
C. parapsilosis C 4/25/72 4
Hansenula
anomala C 4/25/72 2
H. anomala C 3/16/72 4
C. parapsilosis C 5/16/72 5
C. parapsilosis ] 6/6/72 4
C. parapsilosis C 6/28/72 2
T. magnoliae A 8/8/72 1

¢ C = control; I = 2,4-1); A = antibiotics.



354

second test but not st all in the first test.
Torulopsis magnoliae, T. glabrata, C. pa-
rapsilosis, and IHansenula anomala were
isolated from bees in both tests.

Discussion

Yeasts were more prevalent than Entero-
bacteriaceae (Gilliam and Morton, 1974)
or fungi (Gilliam ct al., 1974) in caged bees
fed 2,4-D, antibiotics, or pollen patties.
Yet, Enterobacteriaceac (Gilliam and
Valentine, 1973) and fungi (Gilliam and
Prest, 1972) were present in more guts of
bees from {ree-flying colonies than in guts
of bees from caged colonies. However, we
have been unsuccessful in attempts to iso-
late yeasts from the intestines of adult
worker bees from {ree-flying colonies (Gil-
liam, 1973). In the present experiments,
yeasts did not appear in bee guts until the
colonies had been caged and fed experi-
mental dicts for 30-40 days. Therefore, the
intestinal yecast flora of adult worker bees
in Arizona appears to develop under condi-
tions of stress such as caging of colonies,
feeding artificial diets, or feeding 2,4-1) to
colonics. However, not all bee guts we ex-
amined in these experiments contained
yeasts.

We were interested in determining the
number of guts containing yeast cells, but
not the total number of yeast cells per bee
gut. To adequately estimate the number of
speeies present, more isolates were identi-
fied than are shown in Tables 3 and 4. Gen-
erally, the bee guts that contained yeasts
vielded plates which were covered with
yeast colonies.

We identified 125 isolates from bees fed
24-D, 57 from control bees, and only 12
from bees fed antibioties. In both tests, the
guts of bees from colonies treated with
antibiotics contained few or no yeasts. The
combination of oxytetracyeline and fuma-
gillin depressed not only the yeast flora
but also the fungal and baeterial flora (Gil-
liam and Morton, 1974; Gilliam et al.,
1974). In fact, we have been able to elimi-
nate all the microflora of adult worker bees
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by feeding caged colonies large amounts of
oxytetracycline and fumagillin over long
periods (Gilliam and Taber, unpublished).

More guts of bees from colonics fed
2,4-D contained yeasts than those ex-
amined from bees from control colonies.
The herbicide did not decrease the number
of bee guts containing Enterobacterinceae
or fungi (Gilliam and Morton, 1974; Gil-
liam et al., 1974). However, colonies fed
2,4-D survived only 6 mo in the first test
and 7 mo in the sceond test, We attribute
the death of these colonies to the ovicidal
and larvicidal ecffects of the herbicide
(Morton and Moffett, 1972),

Torulopsis magnoliae has been isolated
from flowers, inscets, nectar, and human
sources (Cook, 1958; Todder, 1970). Toru-
lopsis glabrata has been isolated from soil,
shrimp, orange juice, human sourcecs, sea
gulls, elephants, baboons, cattle, monkeys,
pigs, hedgehogs, wart hogs, sheep, fowl, spar-
rows, and baker’s yeast (Cook, 1958; Lod-
der, 1970; Rose and Harrison, 1969). Han-
senula anomala occurs in soil, syrups, guns
of trees, insect frass, stored grain, sewage,
and lakes and streams, on fruits, vines, and
shrubs, and in the bodies of warm-blooded
animals (Cook, 1958; Lodder, 1970; Rose
and Harrison, 1969; Wickerham, 1951).
Candida parapsilosis occurs commonly on
healthy human skin as well as in lesions,
in insect frass, in the digestive tract of pigs,
haboons, horses, and cows, on fruit, and in
bark beetles (Cook, 1958; Lodder, 1970;
Rose and Harrison, 1969). Saccharomyces
bailiv var. osmophilus has been associated
with soy mash, fermenting cucumbers, and
grape must (Lodder, 1970). Rhodotorula
minuta oceurs in human and animal
sources, air, flowers, sea water, marine ani-
mals, ocean plant life, and moss (Lodder,
1970; Rose and Harrison, 1969). Crypto-
coccus albidus oceurs in soil, air, and sea
water and is associated with moss, apples,
vine, and other plants producing sugary
fruits (Cook, 1958; Lodder, 1970; Rose and
Harrison, 1969).

Torulopsis magnolice was the organism
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found in the most bee guts in our tests. This
yeast has been found in the intestines of
adult bees (Hajsig, 1959; van Uden and
Vidal-Leiria, 1971) and larvac (Hajsig and
Kamburov, 1966).

Candida parepsilosis was found fre-
quently in bee guts in the second test but
was not isolated in the first test. It did not
appear in bee guts until February, 1972
Perhaps, if the first test had extended be-
yond January, 1972, this organism would
have been isolated. C. parapsilosis has been
isolated from the intestines of adult bees
(Egorova and Bab’eva, 1967) and from the
intestinal contents of bees fed antibiotics
(Mitroiu et al., 1966). We isolated this
yveast from control bees and from bees fed
2,4-D but not from hees fed antibiotics.
Hansenula anomala has been found in the
digestive tracts of adult bees (Batra et al,,
1973; Egorova and Bab'eva, 1967; Hajsig,
1959; Vecchi, 1959).

Therefore, Torulopsis glabrata, Saccha-
romyces bailii var. osmophilus, Rhodo-
torula minuta var. minuta, and Crypto-
coccus albidus var, aerius are new records
of yeasts found in bee guts. Of these yeasts,
only 7. glabrata was isolated frequently.
It appeared in bees in both tests in Decem-
ber, 1971.

Only Torulopsis magnoliae was isolated
from control bees, bees fed 2,4-1, and bees
fed antibiotics. Torulopsis glabrata and
Candida parapsilosis were isolated from
control bees and from hees fed 2,4-D. Per-
haps the antibiotics had a detrimental
effect on the growth and survival of thesc
organisms. Hansenula anomala was found
in control bees and in bees fed antibiotics.
Therefore, 2,4-1> might have aflceted this
organism.
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