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Klehziella pneumomae, Rhigella sp, Enlerobacter cloacae, Esckerickta coli. Enterobacter

hnjnine, Arizona sp., Enlerobacter aetOgenes, Serralin liquefacient, ;iud Citrobacter sp.

were isolated from the intestinal contents of honey boca, Apis mcllijera, which were

obtained either from untreated colonies, from colonies fed the herbicide 2,4-D, or from

colonies fed ;i combination of osytetraeyehnc and fumagillin. Antibiotics depressed llic

growth of Eiitcrobiicteriuctsiu; 2,4-0 hnd little effect on tlm enteric microflora of bees.

I.VTHUPUCTION

Recently we reported the isolation of En-

tcrobaetcriaeeae from the intestinal con

tents of healthy foraging worker honey

bees, Apis mellifera (Gilliani and Yalen-

tine, 1973). Entarobacter cloacae, Es-

chcrichiii cob'. Entcrobucter aaragenes,

Shigeila, and Ktebsietta pneumonias were

identified. No Pseudomonadaoeae oi

Erwinia organisms were detected.

Morton et al. (1972) found that 2,4-D

was relatively nontoxic when fed in sugar

solution to newly emerged honey bees.

However, Morton and Moffett (1972) re

ported that eggs from colonies consuming

high levels of 2,4-T) did not hatch and that

larvae died when they were transferred into

colonies consuming this herbicide. Once the

herbicide was removed from the honey bee

colony, brood development resumed.

Most of the adverse onVrts of herbicides

on honey bees have been attributed to loss

of food when plants on which honey bees

forage for nectar and pollen are killed by
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herbicide^ (Hocking, 1950). Since 2,-1-D

1ms a variety of effects on plants, animals,

jind microorganisms (Barrier et al., 1970;

Parry, 1973), we wished to examine En

terobacteriaceae in honey bees fed 2,4-D.

Also, we included bees from colonies fed a

combination of Tcminiyein® (oxytetra-

cycline) and Fumidil B* (fumagillin) in

our experiments to assess the effects of

ihese antibiotics on the enteric mierollora

of bees. Temunycin is used to control

American foulbrooi! disease and European

foulhrood disease of honey bees, and

fumagillin is used to control nosema dis

ease. Antibiotics have been reported to de

crease the bacterial flora of bees and in

crease the yeast flora fllajsig, I95&;

Mttroin ct al., 19G6; TomaScc, 1957).

Materials axd Methods

Colonies were established by placing 3

Hi of adult worker honey bees and a hiving

queen on frames of beeswax foundation.

Before bees were fed experimental diets,

adult workers were removed from each

colony and their intestines were sampled for

EnterohaHcriaceae. As soon as the bees

were placed in the hive, they were fed

either tin: dimethylarnica salt of 2,■!-!"), a
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combination of oxytetracycline and fuma-

gillin, or untreated pollen patties (mainte

nance diet).

The maintenance diet given to all colo

nies consisted of 11 lb of pollen, 10 11) of

sucrose, 9 lb of Drivert® (92% finely pul

verized sucrose +8% invert sugar) (Cali

fornia and Hawaiian Sugar Company), 0.5

lb of Alphacel® (Nutritional Biochemical?

Corp.), and 1000 ml of water. This mixture

was divided into 1-lb patties which were

placed on the top of the frames and re

plenished weekly. The herbicide 2,4-D was

fed at a concentration of 1000 ppm active

ingredient by weight in 60% sucrose-water

solution from a 1-qt jar placed directly

above the frames containing brood (Mor

ton and Moffett, 1972). The mixture of her

bicide and syrup was replenished twice a

week. Colonies fed antibiotics were given

the maintenance diet plus 15 g TM-25* (25

g oxytetracycline/lb of formulation) and

15 g Fumidil B (fumagillin) in addition

to 60% sucrose-water solution. The patties

consisting of the maintenance diet plus the

antibiotics were replenished weekly. Con

trol colonies received the patties and 60%

sucrose—water solution. Fresh water was

constantly available in 5-qt plastic pails.

Hives were placed outdoors in 12 X

12 X 9 ffc Snran® mesh cages. In the

first series of experiments, we placed each

of the three hives in a separate cage. In the

second series of tests, three colonies receiv

ing the same treatment were placed in the

same cage. Altogether we examined bees

from 12 colonies; 4 control colonies, 4

colonies treated with 2,4-D, and 4 colonies

fed antibiotics.

In the first series of tests, three adult

worker bees from each colony were exam

ined weekly. The intestinal tracts were

aseptically removed and individually

homogenized in 2.5 ml sterile 0.85% NaCl

as previously described (Gilliam and Prest,

1972). A loopful of the homogenate from

each bee was streaked in duplicate on Mac-

Conkey agar (Difco) and trypticase soy

agar (BBL) in petri dishes. All plates were

incubated under aerobic conditions at 37CC

for 1 week.

In the second series of tests, every 3

weeks the intestines of two bees from each

colony were individually homogenized in

2.5 ml of sterile thioglycollate 135C (BBL).

Each homogenate was streaked in duplicate

on trypticase soy agar, eugonagar (BBL),

and MacConkey agar. One plate was incu

bated at 25° and one at 37°C under aerobic

conditions for 1 week. All cultures were

maintained on slants of trypticase soy agar.

All bacterial colonies isolated were

stained by the gram reaction. Gram-nega

tive rods were tested for nitrate reduction,

oxidase production, and fermentation of

glucose (Edwards and Ewing, 1962). All

nitrite-positive, oxidase-negative, glucose-
positive, gram-negative rods were identified

by the API system using 20 biochemical

determinations (Analytab Products, Inc.,

New York) for the identification of

Enterobacteriaceae.

The first series of bees were sampled

from July, 1971 to January, 1972, when the

herbicide-treated and antibiotic-fed colo

nies died. Bees in the second scries of ex

periments were sampled from September,

1971 to August, 1972 though all herbicide-

treated colonies had died by April, 1972,

one of the antibiotic-fed colonies died in

June, 1972, and a control colony died in

May, 1972.

Results

All bees sampled prior to feeding con

tained members of the Enterobacteriaceae

although these bacteria were not identified.

Forty-four members of the Enterobacteria

ceae representing 9 species were isolated

and identified from the 388 bees which we

examined. Isolations wore made on nil media

used and at both 25° and 37°C incubation

temperatures. Table 1 shows the organisms

isolated and their occurrence. Klebsiella

pneuvioniae and Shigella sp. were found

most frequently.

Table 2 shows the organisms isolated in

the first series of tests. Nine isolates were



44 01LUAM AND MOHTON

TABLE I

Summary ok Entehohacteuiackae Isolated

from Control Beks, Bees Theater with

2,4-D, AND BkKS KeD OXYTKTHACYCI.INK

A.\I> Fl'MAGII.LIX

Organism

Klebsiella pneumoniae

Shigella sp.

Enterobaeler cloacae

Escherichia coli

Enterobaeler hafniac

Arizona sp.

Enterobacter aerogenes

Serratia liqucfaciens

Cilrobaeter sp.

Number of isolations

1C

11

5

4

a

2

1

1

1

identified from bees treated with 2,4-D, 6

from bees treated with antibiotics, and only

4 from control bees. No trend was evident

except that more bees treated with 2,4-D

contained more bacteria belonging to the

Enterobacteriaceae in their intestines. All

organisms, including members of the En

terobacteriaceae, were eliminated from the

intestinal microflora of bees treated with

antibiotics 3 months after antibiotics were

Tables 3 gives the results of isolations in

the second series of experiments. Nine iso

lates were from bees treated with 2,4-D, 6

from bees treated with antibiotics, and 10

from control bees. In tlie.se tests, Enterobac

teriaceae were eliminated from the micro-

llora 1 week after the antibiotics were fed

to the bees. However, Enterobacteriaceae

again appeared in bees treated with anti

biotics after the antibiotics had been fed

for 9 months. Klebsiella pneumoniae was

the most frequent isolate in this series of

experiments while Shigella sn. occurred

most frequently in the bees sampled in the

first series of tests.

Citrobacter sp., Arizona sp., and Serratia

liquefacicnx were isolated in the second

tests but not in the first. Escherichia coli

and Enterobacter aerogenes were isolated

in the first tests but not in the second.

TABLE 3

Entekoiucteihaoeae Isolated from Honey

Bees: 2nd Series of Tests

incorporated in the diets.

TABLE 2

E.NTEltOHACTERIArKAE ISOLATED FI1O.M

Bees: 1st

Organism

Enlerolmcter cloacae

Escherichia coli

Escherichia coli

Escherichia coli

Enterobacter cloacae

Enlerobaeter acrogens

Klebsiella pneumoniac

Enterobacter hafniac

Shigella sp.

Shigella sp.

Escherichia coli

Enterobaeler hafniac

Shigella sp.

Shigella sp.

Shigella sp.

Shigella sp.

Shigella sp.

Shigella sp.

Enterobaeler cloacae

- C - control; II -

Sewer of Tests

Treatment"

II

II

II

II

II

II

A

A

A

A

A

C

A

C

C

II

II

II

C

Honey

Date

isolate<

Organism

Klebsiella pneumoniae

K. pneumoniae

K. pneumoniae
t "
K. pneumoniae

Arizona sp.

Arizona sp.

7/20/71 Shigella sp.

S/2/7 [ K. pneumoniae

8/2/71 'v' pneumoniac

8/2/7

8/16/7

S'16/7

9/7/7

9/7/7

9/13/7

0/13/7

0/13/7

1 K. pneumoniac

1 K. pneumoniac

1 K. pneumoniac

1 A", pneumoniac

1 Serratia liqurfaciens

1 Enlerobaeter cloacae

1 E. cloacae

1 Enterobacter hafniae

9/20/71 Shigella sp.

9/27/7 1 Shigella sp.

10/12/71 K- pneumoniac

10/12/71 K- pneumoniac

10/18/71 K- pneumoniae

10/18/7 1 A. pneumoniac

11/8/71 K. pneumoniae

12/27/71 Citrobacter sp.

2,4-D; A = antibiotics. ° C — control; 11 —

Treatments

C

C

C

C

c

c

c

II

II

II

II

II

II

II

II

II

c

o

c

A

A

A

A

A

A

Dale

1 isolated

10/18/71

11/0/71

11/0/71

11/9/71

11/9/71

11/9/71

11/9/71

11/0/71

11/9/71

II 9/71

11/9/71

11/9/71

11/9/71

11/9/71

11/9/71

11/0/71

0/6/72

0/6/72

0/6/72

0/6/72

6/6/72

6/6/72

6/28/72

0/28/72

8/8/72

2,4-1): A - antibiotics.
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Discussion

From the results of this study, bacteria

belonging to the Enterobacteriaccae do not

appear to be prevalent in the intestines of

honey bees in Arizona. However, we have

isolated more organisms from free-flying

bees (Gilliam and Valentine, 1973). Caging

hives therefore may decrease the occurrence

of Entcrobacteriaceae in bee intestines since

Tysset et al. (1969) believed that these or

ganisms are found in nectars or on pollens

and contaminate bees during foraging. No

members of the Pscudomonadaccae or Er-

ivinia were detected in either study.

Most of the isolates were obtained in the

fall (August-November), yet no trends

were evident except that bees from colonies

treated with 2,4-D contained a few more

members of the Enterobacteriaceac in their

intestines.

Feeding 2,4-D to colonies of honey bees

affects longevity of the bees. Colonies fed

2,4-D survived only 6 months in the first

test and 7 months in the second test. We

attribute the death of these colonies to the

ovicidal and larvicidal effects of the herbi

cide (Morton and Moffett, 1972).

Organisms isolated in the present study

which were not reported in our previous

paper (Gilliam and Valentine, 1973) in

cluded Enterobacter hafniae, Arizona sp.,

Serratia liqucfaciens, and Citrobacter sp.

Obviously, none of the Enterobactcria-

ccac isolated are symbiotcs in the intestines

of bees since many bees contained no En

terobacteriaceac in their guts. Our results

would seem to agree with those of Tysset

et al. (1969), which indicated that these or

ganisms are in transit in the intestine of the

bee. However, unlike Tyssct et al., we found

no evidence that enteric bacteria could

adapt to the intestine of the bee by produc

ing neotypes which could be differentiated

bv minor biochemical characteristics.
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