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INTRODUCTION

UCH has been written during the

past few years about the control
of Nosema disease in packages and col-
onies of honey bees (Apis mellifera L.)
in North America because the disease
causes economic loss to commercial
beekeepers. Heavily infected colonies in
the northern areas both overwintered
and package type, produce substantially
less honey (Farrar 1947 and Moeller
1962) and may dwindle to the point
of death when winter weather is harsh.
Moeller (1962) reported that at Madi-
son, Wisconsin, naturally infected pack-
age colonies treated with fumagillin (as
Fumidil B) outproduced untreated col-
onies by 30-40 pounds of honey; fur-
thermore, 100% of the untreated col-
onies were infected within 3 weeks after
establishment compared with 12.5% of
those fed medicated sugar syrup. Also,
L’Arrivee (1966), who studied artifi-
cially irdected colonies in Manitoba,
Canada, obtained an average yield of
23 more pounds of honey from a group
of “colonies that had not been inocu-
lated with Nosema than from a group
of heavily infected colonies. Cantwell
and Shimanuki (1970) noted that in
Montana artificially infected package
colonies started on dry equipment and
fed Fumidil B outproduced similar un-
treated colonies by almost 18 pounds of
honey each and demonstrated (Shima-
nuki and Cantwell 1970) that honey
will be produced by package colonies,
éven in a poor honey producing area
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if hive equipment is fumigated with
ethylene oxide gas (ETO). Furgala
(1962) found that Fumidil B fed to
colonies in the fall continued to have
a residual effect on the number of
spores of Nosema apis Zander 6 months
after the feeding.

This test was made to determine
whether Nosema-free packages of bees
could be produced in a southern com-
mercial bee yard by utilizing ETO and
Fumidil B and to measure differences
in honey yields when packages of bees
from these colonies were shipped to the
north and installed there.

METHODS AND MATERIALS
Phase 1

One hundred and twenty colonies,
leased from a.commercial beekeeper in
Louisiana, were divided by treatment
into 6 groups of 20 colonies each and
were moved to 6 test sites in October.
The 5 treatments used were as follows:

Group A. No treatment

Group B. Hive equipment fumigated
with ETO

Group C. Hive equipment fumigated
with ETO plus fumagillin feeding

Group D. Bees shaken plus Fumidil
B feeding

Group E. Bees shaken

Group F. Make up bees and hive
equipment to be fumigated for
Group B

The 6 sites were 300 feet to 1 mile
apart, and the hives were arranged
about 12 feet apart. All sites had the
same ecological terrain, and each site
had ample orientation material such as
trees and fences to reduce drifting.
Nectar and pollen plants and water
were nearby and equally available to
all colonies.

Brood restriction

All queens used in the colonies were
young and produced by the same
breeder. Each queen was confined in
a % x 2V x 2V, in. wire cage (with
queen excluder material on one side)
that was impressed into the face of a
comb to eliminate brood rearing prior
to ETO fumigation of equipment for
Groups B and C. These cages per-
mitted the queens to lay and the work-
ers to enter and groom the queens.
Also, the colonies were checked after
a week so we could cut out any queen
cells and recage any queens that had
been released. Three weeks were re-
quired for all the brood to emerge and
the combs to be ready for ETO fumi-
gation. The elimination of brood rear-
ing at this time of year reduced the
populations of adult bees, especially of
young adults for overwintering. Thus,
on November 21, bees from Group F
were blown out of their hives into
screen cages with a bee blower, and
the hive equipment was fumigated
with  ETO prior to being used for
Group B. Bees from Group F were
used to bolster nuclei at another site.

Fumigation

A fumigation package was prepared
by placing two 4 x 8 ft. plywood pan-
els side by side on flat ground and
centering a 10 x 15 ft. black sheet of
6-mil polyethylene sheeting on the
plywood. Then five 2 x 4’s were ar-
ranged on edge on the sheet so hive
bodies could be spaced equally on
them in four rows of five bodies per
row {stacked two high). Also, boards
were placed on top of the stack in a
random fashion to permit gas circula-
tion, and a hygrothermograph was
placed inside one of the hive bodies to
record the temperature and humidity



during the fumigation. Another sheet
of polyethylene was then placed over
the equipment, and the edges were
weighed down against the bottom tarp
with sand to make a gas-tight seal. In
addition, a heating chamber was ar-
ranged around the package to main-
tain the minimum temperature during
fumigation at 70° F. This chamber
was produced by using a framework of
pipe to hold another sheet of polyethy-
lene over the package (the edges along
the ground were covered with sand)
and locating one catalytic heater (5,-
000-8,000 BTU) inside the sheeting at
each end of the package. Also, a small
opening was made at either end of the
polyethylene to insure an adequate
supply of air for the heaters.

For the fumigation, two 80-1b. charges
of sterilizing gas, 12% ethylene oxide
and 88% Freon-12R (measured on a
platform scale) were released into the
fumigation package at 5-hour intervals.
A vent hole was cut at the top of the
fumigation package to permit the dis-
placement of air by the introduced
gas and then sealed after the prescribed
level of gas was reached. The heating
chamber was removed, and gas samples
were taken at the top and bottom of
the fumigation package with a Kita-
gawa Unico 400 Precision gas detector;
these calculations for gas concentration
indicated that a minimum of 3.5%
ETO remained inside the package,
though we believe the concentration
was actually greater. The day of the
first fumigation, the temperature and
relative humidity inside the package
during the following 24 hour period
ranged from 60 to 88° F. and from
40 to 79, respectively.

For the second fumigation of hive
equipment from Group B to be used
for Greup C, the equipment was pre-
heated for 12 hours to achieve a higher
temperature. Thus, temperature and
relative humidity during the 24-hour
period after the second charge ranged
from 78° to 115° F. and from 35 to
78%., respectively. Once the polyethy-
lene cover was removed, the fumigated
equipment was aerated for 1 week.

On December 12, the 60 colonies of
Groups A, B, and E received 1 gallon
each of untreated Drivert sugar syrup
while those of G and D were fed with
1 gallon of Drivert syrup treated with
Fumidil B. Little of the medicated
syrup, given to Groups' C and D on
December 12, had been consumed by
the bees by late January due to cold
temperatures. The remainder of the
uneaten Fumidil B treated Drivert sy-
rup in each feeder of Groups G and D
was measured and discarded in Janu-
ary. The 4 subsequent feedings, Feb-

ruary 18, March 12, March 18-19, and
March 28, of Fumidil B treated syrup
to Groups C and D were adjusted so
that each colony received a total of
approximately 2 gallons of treated
Drivert syrup (100 mg. fumagillin ac-
tivity/gallon). By March 19, 21 weak
colonies in Groups B, C, D, and E
were dead or had been combined with
others. On April 4th, all feeders in
colonies of Groups C and D with
less than 1 quart of medicated sugar
syrup were emptied by pouring the
syrup into the cells of empty combs.
The empty feeders were then filled
with plain sugar (sucrose) syrup to in-
crease colony stores. By April 4th, all
the colonies in Groups A, B, C, D, and
E had received a total of approxi-
mately 3.75 gallons of syrup (sucrose
sugar or Fumidil B + Drivert). No
additional feeding was necessary after
the onset of the nectar flow after the
first week in April.

Honey bee and hive manipulations

On December 2, bees of Group B
were blown from their untreated equip-
ment into the fumigated equipment of
Group F with a bee blower, after the
queens had been removed and recaged
on 1 of the fumigated frames. All
queens were clipped and marked dur-
ing the blowing operation. On Decem-
ber 4, bees of Groups D and E were
blown out of their untreated hives into
cages and then immediately shaken
back into their untreated equipment.
On December 10, bees of Group C
were blown out of their untreated hives
into the fumigated equipment of Group
B.

During the project, all hive equip-
ment was scraped free of burr comb
and propolis as much as possible to
enable easier frame and bee manipula-
tion. As the populations in the colonies
began to increase during January be-
cause of the early red maple nectar
and pollen flow, the two brood cham-
bers in each hive were reversed. This
reversal placed the brood cluster close
to the hive entrances and permitted the
queens to expand their brood nests up-
ward in the hives. 'After the colonies
had built to swarm populations, queen
cells were removed from each hive
every 10 days to prevent swarming and
loss of bees and queens.

Nosema sample collection

On December 6, the first samples of
adult bees (30-45 per colony) were
taken from the entrances of each of
the 100 hives during the early morn-
ing hours every 2 weeks except when
temperatures were low or rain fell.

Seven sets of bee samples were col-
lected between December 6 and March
19 at the hive entrance (during De-
cember when temperatures were low
and rain fell, bees were taken from the
outside frame of the cluster). The ab-
domens of 20 bees per colony were de-
tached from the thorax and homogen-
ized for 2 minutes with an equal vo-
lume of water in ‘a blender at 2000
rpm and for an additional minute at
3000 rpm. A small amount of the
suspension was drawn out by means of
a pipette, and a platinum milk sample
loop was used to place 0.01 ml of the
homogenate on a haemacytometer for
spore counting.

Package bee study

The second phase of this study con-
sisted of preparing and sending 100
2-1b. packages of bees for a honey pro-
duction study under northern condi-
tions.

On May 1, forty 2-lb. packages of
bees were shaken from Groups A and
B (a young, caged queen hung inside
each package) and shipped by air
freight from the test colonies at Baton
Rouge, Louisiana, to the Bee Manage-
ment Laboratory at Madison, Wiscon-
sin. Samples of 30-45 honey bees were
collected from each package for deter-
mination of Nosema disease as the
packages were being prepared for ship-
ment. Similarly, sixty 2-lb. packages
from Groups C, D, and E were pre-
pared and shipped on May 12 (more
than 1 package had to be made up
from some colonies because of the loss
of the 21 colonies). Twenty-five addi-
tional queens from the same breeder
source were shipped separately on May
12 to replace any losses in shipment
and introduction.

All the packages were made up by
using a commercial blower and exact
weights read on a scales as the pack-
ages were being filled. Each package
was numbered and color coded by
treatment and group. The 100 package
colonies were divided between Zerbru-
chen and Groth bee yards of the Mad-
ison laboratory.

Subsequently, at the Madison lab-
oratory samples of bees were collected
at the entrances of the hives every 2
weeks as long as weather permitted
flight. The final samples were obtained
from the top of the brood cluster with
salve cans on October 27. All samples
of honey bees were packed in dry ice
and airmailed to the Bee Breeding In-
vestigations Laboratory at Baton Rouge
so examination procedures could be
standardized by making all spore counts
at one laboratory. ’



Table 1. Average number of spores of NOSEMA APIS/bee (X 10°) determined from 20 bees/sample per colony,
20 colonies in each of five groups. Baton Rouge, Louisiana.

Group A E
p Group B mo_gron fted + sm:ll: PI- Group E
Dates (uantreated) (ETO-fumigated) (Pumidil B syrup) (Fumidil B syrup) (shaken)
December 6 0.01 0.01 1.38 0.01 0.00
December 24 0.01 2.00 0.38 0.75 0.00
January 7 0.00 0.00 0.38 0.00 0.00
January 24 0.00 0.01 0.29 0.25 0.55
February 10 0.63 0.10 1.63 0.00 0.00
February 27 1.25 0.88 0.09 0.00 0.00
March 19 0.78 0.00 0.00 0.00 0.00
April 3 0.00 0.00 0.00 0.02 0.00
April 18 0.14 1.00 1.25 0.03 0.51
May 1* 0.90 0.00 - . .
May 12* . - 0.01 0.02 6.01
Total 3.72 4.00 5.41 1.08 1.07
Average 0.37 0.40 0.54 0.11 0.11

* Samples were taken prior to shipment of package bees to Madison, Wisconsin.

Table 2. Average number of spores of NOSEMA APIS/bee (X 10¢) determined from 20 bees/sample per colony,
20 colonies in each of five groups. Madison, Wisconsin.

Group A Group B Group C Group D Group E
E'.I.'O-I'um.ip.ga.ted + Shaken -+

Dates (untreated) (ETO-fumigated) (FPumidil B syrup) (Fumidil B syrup) (shaken only)
May 5* 0.17 1.00 - . .
May 14* - - 0.03 0.01 0.01
May 27 5.03 8.84 0.51 1.78 1.33
June 10 2.80 2.32 1.42 2,63 1.60
June 24 1.06 1.84 3.04 1.45 1.60
July 7 0.88 1.24 1.37 1.01 1.04
July 22 1.20 1.01 0.58 1.46 1.01
August 14 0.37 0.68 0.18 0.24 0.36
August 18 0.18 0.20 0.60 0.06 0.83
September 2 0.00 0.05 0.12 0.01 0.78
September 15 0.20 0.28 0.45 0.38 0.21
September 29 1.78 3.96 6.31 3.01 3.48
October 14 0.46 1.50 2.40 1.94 1.29
October 27 2.63 0.00 0.00 6.25 0.62

Total 16.76 22.92 17.01 20.13 14.16
Average 1.28 1.76 1.30 1.54 1.08

* Nosema spore samples taken after receipt of packages from Baton Rouge, Louisiana.

RESULTS AND DISCUSSION

The infection of colonies by Nosema
disease from samples taken from De-
cember 6 through May 12 is shown in
Table 1. Infection levels were erratic
throughout the months of December to
May. Table | shows that of sampling
dates from December 6 to May 1, 70%
showed Nosema infections for Group
A, 60% for Group B, 80% for Group
C, 60% for Group D, and 30% for
Group E. No pronounced spring No-
sema infection peaks were observed in
any of the 5 groups, as has been re-
ported in literature (Oertel 1964).

The bees comprising the 2-lb. pack-
ages were mildly infected when they
were shipped May 1 and 12. Also, the
samples taken from the packages upon
arrival at Madison May 5 and 14 still
showed only mild infection (Table 2).
However, by May 27, the levels of in-
fection had increased considerably in
all except Group C. This rise coin-
cided with the lack of brood emergence

Table 3. Average pounds gained by five groups of 20 package colonies each
shipped from Baton Rouge, Louisiana, and managed at Madison,
Wisconsin, for honey production.

Apiary Sites Av. of
Groups Groth Yard Zerbruchen Yard Yards
A — Check 65.8 92.3 791
B — ETO-fumigated 7.9 79.3 78.6
C — ETO-fumigated + Fumidil syrup ... 94.8 124.2 109.5
D — Shaken + Fumidil syrup ..... 98.2 146.2 1222
E — Shaken 82.9 112.3 97.6

during the first 3 weeks after package
installation. The highest levels of in-
fections May 27 were in Group A (un-
treated) and B (fumigated), but a
month later Group C (fumigated and
Fumidil B fed) had the highest level
(3.04 x 108 spores/bee).

The peak of infection in Group G
may have occurred because of an in-
crease in protein consumption since
pollen is abundant at Madison during
May and June. Gontarski and Mebs
(1964) showed that more Nosema
spores developed in broodless bees fed

pollen than in those fed only a honey-
sugar candy and speculated that some
vitamins in pollen probably expedited
the development of the spores. Also,
Beutler and Opfinger (1950) noted
that bees held in cages and caged col-
onies had increased levels of Nosema
disease when they were fed pollen.
Furthermore, the effects of Fumidil B
feeding and ETO-fumigation of equip-
ment on the development of Nosema
may have been reduced by increased
consumption of protein.



After the two June readings the lev-
els of disease tapered off until Septem-
ber 29 which coincided with the rear-
ing of young bees. The rise in infec-
tion levels in all of the groups on Sep-
tember 29 coincided with the normal
reduction or cessation in egg laying
and brood rearing in the north central
area of the United States. Thus, the
reduction or cessation of brood rearing
in September in Wisconsin reduces the
number of new bees that can replace
older infected bees. Then since the life
expectancy of bees increases when for-
aging decreases in the fall and since
older bees probably have a higher level
of Nosema infection, a rise in the dis-
ease might be expected when brood
rearing stops in northern regions.

Honey production data, Table 3,
show a location variation in the total

weight colonies gained. Group C and
D which received ETO-fumigated
equipment plus Fumidil B and were
shaken plus received Fumidil B, re-
spectively, had the largest weight gains.
This result is in agreement with the
results obtained previously by Shima-
nuki and Cantwell (1970). However,
in view of the cost of Fumidil B, Driv-
ert, and sucrose sugar and the labor,
time, and feeders used in treating the
colonies, the weight gain may not have
been great enough to show a commer-
cial profit. The value of honey was
computed at 15¢ per lb. ®
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