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The guts of 195 adult worker honeybees. Apis mellifera, from free-flying control colonies

fed sucrose, from caged conlrol colonies fed sucrose, from free-flying colonies fed 2,4,5-T,

and from caged colonies fed 2,4,5-T were examined for yeasts and molds. Only 25% of the bee guts

contained fungi. Torulopsis magnoliae, T. glabrata, Hansenula anomala, Penicillium cyclopium,

and P. cyclopium var. echinulatum were the most frequent isolates. Molds were most prevalent in

bees from free-flying control colonies fed sucrose, and yeasts were found most often in bees from

caged colonies fed 2,4,5-T.

INTRODUCTION The present experiments were designed

_. , . , . .. . to assess the effects of another herbicide,
Recently we reported that feeding the (2)4>5.trichlorOphenoxy)acetic acid (2>4,5.

herbjc.de (2,4-d,chlorophenoxy)acet.c ac.d Qn flora of worker bees. In

(2.4-D) to colonies of honeybees Apis ad we wjshed tQ examjne ^ effects

meihfera mcreased the number of adult Qn ^ flora of ; bee colonies and

worker bees contaimng intestinal yeasts removm brood. Morton and Moffett (1972)
(Gill.am et al., 1974b). In fact, the mtestinal found^ from colonies fed w |evds
yeast flora m worker bees ni Anzona either 2 Qr 2 „ dJd nQt hatch

appears to develop under cond.t.ons of AlsO( ,arvae died when they were transfe^d
stress as caging of colon.es, feeding defi- ^ co|onjes receiyi ekher of these

cent diets, or herb.c.de treatment. How- herbicides tno h brood deveiopment re-
ever the situation was the opposite for sumed oncfi ^ herbicides were removed

molds We .solatedI near^ as many molds JbmjUm bees in herbicide.treated colonies
from bees fed 2,4-D as from control bees |d>, since brood development was

(Gilliam et al., 1974a). Thus fungal popula- nmbjted

tions were not reduced seriously by 1000

ppm of the herbicide. MATERIALS AND METHODS

'This paper reports the results of research only. Qn March 7, 1974, 12 colonies of honey-

Mention of a pesticide does not constitute reconv b wefe estabHshed and maintained as
mendation for use by the U.S. Department of ... ,„.„. . .. .

Agriculture nordoes it imply registration under FIFRA previously described (Gilliam and Morton,
as amended. 1974), six at one apiary and six at another
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distant apiary. Before the colonies were fed

experimental diets, three adult worker bees

from each colony were examined for

yeasts and molds. All 12 colonies received

pollen patties and fresh water, but six

colonies at one apiary were fed the tri-

ethylamine salt of 2,4,5-T at a concentra

tion of 1000 ppm active ingredient by weight

in 60% sucrose-water solution (Morton and

Moffett, 1972). The other six colonies at the

other apiary received only 60% sucrose.

Also, three colonies at each apiary were

each placed in a 12 x 12 x 9-ft Saran-mesh

cage. Brood was removed regularly from

control colonies fed sucrose either by re

placing frames containing brood with drawn

empty combs or by using a hive tool to

scrape out small amounts of sealed brood.

Therefore, all colonies contained bees of

approximately the same age.

Once the test feeding was begun, three

adult worker bees from each colony were

examined for yeasts and molds at 3-week

intervals. The intestinal tracts were asep-

tically removed and individually homoge

nized in 2.5 ml of sterile distilled water as

previously described (Gilliam and Prest,

TABLE !

Yeasts and Molds Isolated from Honeybees

Oigaimm

Tttrutopsis magnoliae

Hansettula anomala

PenicHHum cxchpium

Peniciliium cyclopium var. rchinulalum

Torutopsis glakrata

Aspergittus fumigatus

Cladosporium cladosporiotdes

Pkhia ohmeri

PenUtlUum sp.

Aureobasidium puilulans

Aureobasidium sp.

Aspergillus fiavus var. columnaris

Axpergilliti repens

Vephalosporutm acremonium var. Jtmicufoxuin

Chaetamium spirale

Cryptococcus albidus

t)ebaryomyces hansenii

Paecilntttyces Ulacinm

PeniciUium brevi-compactum

Hhizopas stolonifer

Saccharomyces chetalteri

Stuxharomycfi rtnci

Tornlopsis versatilis

Number of bee

gut* containing

the organism

IS

II

5

4

4

3
^

2

2

TABLE 2

Yeasts Isolated from Honeybees

Organism

Torulopsis versaitlh

Pichta ohmeri

from

same bee

Oebaryomyces hansenii ]
*. ■ ■ > i Irom
Saccharomvces chnalten t
_. , ,. 1 same bee
Toru'opsis maitnohae )

T. magnatiae

/*. ohmeri

Saccharomyces rosrt

T. magnotiae

T. magnoliae

T. magnoliae

Hansenula anomala

H. anomala

11. anomala

T. magnoliae

Toruhpsis gtabrata

1 of each

from same bee

H. anomala

T. magnotiae

T. alabrata

1 of each

from same bee

T. ghbrala

T. magnoliae

Crypiococcus albidus

Treat-

mcnl"

S.F

S.F

S.C

S.C

S.C

H.C

H.F

H.F

H.C

H.F

H.C

S.C

S.F

S.C

H.C

H.C

S.F

H.C

H.C

H.C

H.C

H.F

Dale

isolated

3/7/74

3/7/74

3/7/74

3/7/74

inn*

inn*

3/7/74

3/28/74

3/28/74

4/18/74

4/18/74

4/IH/74

mm

5/9/74

5/9/74

5/9/74

5/3074

5/30/74

5/30/74

620/74

6/20/74

7/9/74

Number of

bee gun

containing

the

organism

3

4

3

2

3

3

1

1

1

1

' S - sucrose; H = 2.4.5-T: C » caged: F = free-flying.

1972). Then a loopful of the homogenate

from each bee was streaked in duplicate

on malt extract-yeast extract agar plates

with 1% glucose (YM-1) and on malt ex

tract-yeast extract agar plates containing

5% glucose (YM-5) (Wickerham, 1951).

All plates were incubated under aerobic

conditions at 25°C for 14 days. Selected

yeast colonies were restreaked for purity

on YM-1 agar plates and were maintained

on slants of this medium. Molds were

maintained on slants of one of the following

Difco media: Czapek solution agar, malt

extract agar, or potato dextrose agar.

Morphological and physiological tests

used for the identification of yeasts were

conducted according to Wickerham (1951),

and isolates were identified according to

Lodder (1970). Molds were identified

according to Ames (1961), DeVries (1952),

Neergaard (1945), Samson (1974), Sukapure

and Thirumalachar (1966), Raper and

Fennell (1965), and Raper and Thorn

(1949).

Also, a Barber-Coleman Model 5005 gas
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chromatograph equipped with a radium-226

electron capture detector was used to

analyze 0.5-g samples of honeybees for

2,4,5-T. The procedures were those of

Morton et al. (1974). The bees were col

lected for analyses on four dates during

the experiment.

Bees were sampled from March 7, 1974,

through July 9, 1974. By May 30, two of

the caged control colonies and one of the

free-flying control colonies had died. By

June 20, another caged control and another

free-flying control colony had died. On

July 9, all except one of the herbicide-

treated colonies were dead. One free-flying

herbicide-treated colony had 50 adult

worker bees, no queen, and no eggs.

RESULTS

Of the 195 bee guts examined, only 48

(25%) contained yeasts or molds. Organisms

belonging to 23 species were found (Table

I). Isolations were made on both YM-1

and YM-5 media.

Tables 2 and 3 show the dates, treatment

groups of bees, and molds and yeasts

isolated. Torulopsis magnoliae, Hansenula

anomala, and T. glabrata were the yeasts

isolated most frequently. Penicillium cy-

clopium and P. cyclopium var. echinulatum

were the most frequently encountered

molds. Yeasts were found in more bees from

caged colonies fed 2,4,5-T than from other

treatment groups, and molds were more

prevalent in bees from free-flying control

colonies receiving sucrose.

The levels of 2,4,5-T found in 0.5-g

samples of honeybees are reported in

Table 4. Bees from caged colonies fed

2,4,5-T contained higher levels of the herbi

cide than bees from treated colonies that

were free-flying. Therefore, bees are prob

ably able to eliminate the herbicide in

cleansing flights when the colonies are not

caged. Also, they would dilute the herbicide

with food from natural sources.

DISCUSSION

Sixteen percent of the guts of bees from

free-flying colonies and 15% of the guts of

TABLE 3

Molds Isolated from Honeybees

Organism

Asperflitlui Jumigillui

Rhizoput stolonijer

Aureobtnitttutn pulluhtu ) from

Penicitlium *p. J same bee

Penicillinm cyclopium

AureohaiiJiitm sp.

Venicillium btevi'Compticlum

A. Jttnuitatus

Penicillium sp. 1

/'. eye/opium 1 from
/'. cyclopium var. echinulaium | same bee

Aspernillui repens J

t'. cyclopium vtir. echinulatum

I*, cyclopium

/'. cxclttpium vur. ccliinutatiitn

1*. cyclopium

Cliidosporium ctmiosporioittri

A\pcrtiilltt\ /Itivits vur. colttmtuiris

/'. c\clopiutu I .
„ ' . . i-i I irom
/ . cvdopium var. echnumlum r .
„ . . ... same bee
C. ctuuosptiriotm's J

Cephiilosptmunt ticremonium var. Juniculosum

Chnelomium spirole

t'tiecitomycrs lilucinus

Treatment"

S.F

S.F

S.F

S.F

H.F

H.F

H.C

H.C

S.F

S.F

S.F

S.F

S.C

S.F

S.F

S.C

H.F

S.F.

H.C

H.C

H.C

S.F

H.F

H.F

Dale isolated

JW74

3/7/74

inn*

inriA

■inn*

inn*

inn*

inn*

3/28/74

3/:«/74

3/2(1,14

3/28/74

3/28/74

4/18/74

4IIH.74

4/IK.74

4/18/74

5/9/74

5/9/74

S/V/74

S'9/74

5/30,74

5/30.74

5/30'74

Number of bee

guts containing

the organism

i

' S = sucrose; H = 2,4.5-T; C = caged: F = free-flying.
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TABLE 4

Levels of 2,4,5-T in 0.5-g Samples of Honeybees

Colony

1

6

7

8

9

10

11

12

1

7

8

9

10

11

12

1

7

8

9

10

11

12

9

Treatment"

S,F

S,C

H.F

H.F

H,F

H,C

H.C

H.C

S.F

H.F

H.F

H.F

H.C

H.C

H.C

S.F

H.F

H.F

H.F

H.C

H.C

H.C

H.F

Date

collected

5/30/74

5/30/74

5/30/74

5/30/74

5/30/74

5/30/74

5/30/74

5/30/74

6/14/74

6/14/74

6/14/74

6/14/74

6/14/74

6/14/74

6/14/74

6/20/74

6/20/74

6/20/74

6/20/74

6/20/74

6/20/74

6/20/74

7/14/74

2,4,5-T

(ppm)

0

0

12

8

13

440

500

460

0

19

16

14

460

160

280

0

18

25

19

260

120

180

21

" S = sucrose; H = 2,4,5-T; C = caged: F = free-

flying.

bees from caged control colonies contained

yeasts (Table 5). Therefore, caging of

colonies does not appear to be a factor in

yeast builup. However, 28% of the bee guts

from caged colonies fed 2,4,5-T contained

yeasts whereas only 7% of the bee guts from

free-flying colonies fed 2,4,5-T contained

yeasts. Thus, the combination of herbicide

treatment and caging increased the number

that contained yeasts. Also, bees from

caged colonies fed 2,4,5-T contained higher

levels of the herbicide. In previous work

(Gilliam et al., 1974b), a total of 77% of

the bees examined from caged colonies

fed 2,4-D contained yeasts; 32% of those

from caged control colonies contained

yeasts.

Twenty percent of the bees from free-

flying control colonies contained molds.

The other treatment groups (caged control,

herbicide-treated free-flying, and herbicide-

treated caged) contained fewer molds. We

previously reported that molds occur most

frequently in bees from untreated, free-

flying colonies (Gilliam and Prest, 1972:

Gilliam et al., 1974a). Also, the numbers

of guts of bees from caged colonies fed

2,4-D and from caged control colonies that

contained molds were about the same

(Gilliam et al., 1974a). Thus, mold growth

may be depressed in caged bees by limiting

the sources of fresh inocula from pollen

and nectar.

Aspergillusflavus var. columaris, Cepha-

losporium acremonium var. funiculosum,

Chaetomium spirale, Paecilomyces lila-

cinus, Penicillium brevi-compactum, Rhi-

zopus stolonifer, and Saccharomyces rosei

are new records of fungi associated

with honeybees. However, Saccharomyces

rosei has been reported from stored pollen

(Pain and Maugenet, 1966). The other

organisms we isolated have been found in

honeybees previously (Batra et al., 1973;

Foote, 1966; Gilliam et al., 1974a,b; Thorn,

1930).

Torulopsis magnoliae, T. glabrata, and

H. anomala were the yeasts isolated

most frequently, and P. cyclopium and

P. cyclopium var. echimilatum were the

molds most frequently isolated. These

organisms, with the exception of P.

cyclopium var. echinulatum, were also fre

quent isolates from bees in our previous

work involving 2,4-D and antibiotics (Gil

liam et al., 1974a,b).

Removal of brood from control colonies

caused them to die earlier than colonies

treated with 2,4,5-T. However, colonies

TABLE 5

Bee Guts Containing Yeasts and

Treatment

Control, free-flying

Control, caged

2,4,5-T. free-flying

2,4,5-T, caged

Bee guts

containing

yeasts

7/45 (16%)

6/39 (15%)

4/57 (7%)

15/54 (28%)

Molds

Bee guts

containing

molds

9/45 (20%)

2/39 (5%)

5/57 (9%)

3/54 (6%)
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■-. , treated with 2,4,5vf contained a small
amount of capped brood beginning 2 weeks

••'•' after the initial feeding. Moffett and Morton
<r 0975) found that feeding 2,4,5-T at a con

centration of 500 ppm completely inhibited

brood rearing. Eggs were laid, but they

did not hatch. In the present experiment,

the free-flying colonies fed 2,4,5-T con

tained only eggs and very young larvae

within 6 weeks after the initial feeding.

After 9 weeks of treatment, all but one of

the colonies treated with 2,4,5-T contained

only eggs. This one caged treated colony

had a small amount of larvae and sealed

brood in addition to eggs. All colonies

gradually weakened from the lack of re

placement bees and eventually died.
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