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substance, they became sluggish and moved about in the cages only
with difficulty.

The first evidence of feces accumulation at the lowest relative hu-
midity was noticed about the twentieth day and this condition slowly
became more pronounced as the experiment progressed. As the bees in
the different cages became more sluggish due to fecal accumulations,
it is probable that some of them actually starved to death. The pro-
gressively smaller food consumption per bee per day no doubt is due
partly to the fact that someof the beeswere unable to feed.

It appears that accumulation of feces is one cause of the death of the
bees exposed to the higher ranges of relative humidity. It also appears
that since the fecal material accumulated was largely water that the
bees were unable to eliminate their metabolic water together with the
water in which the food was dissolved when the relative humidity was
too high to permit sufficient transpiration. It should be pointed out,
however, that had the bees been fed on a more concentrated food, the'
accumulation of the water in which the food was dissolved would have
been materially lessened and it is likely that the bees exposed to the
higher relative humidities would not have been affected as quickly
as was the case when a 50 per cent sugar solution was fed. With the
exception of the bees at the highest relative humidity, there is little
difference in the amount of food consumed by the bees at the different
relative humidities. The smaller food consumption of the bees at the
highest relative humidity may be due largely to their inability to feed
and to the fact that the death rate was so high.

Although high relative humidities tend to shorten the length of life
and low relative humidities to lengthen it when bees are fed a dilute
food, this does not seem to be due to a difference in the metabolic rate
but rather to a difference in the ability of the bees to eliminate water
through transpiration.
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THE CAUSE OF DYSENTERY IN HONEYBEESl
By ERWIN C. ALFONSUS, Department of Economic Entomology, University of

Wisconsin, ilfadison, Wis.

Dysentery, a winter disease of honeybees, has been kno;vn since Aris-
totle's time. Normal defecation in the honeybee takes place on the wing
during the flight season. The wintering bee, confined to the hive, is de-
prived of this opportunity, and the fecal material accumulates in the
rectum. An over-accumulation of fecesmay lead to a forcible discharge
in the hive or on the alighting board; this occurrence is called dysentery.

IPublished with the permission of the Director of the Wisconsin Agricultural
Experiment Station.
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The history of dysentery with a review of the most important liter-
ature on the subject is offeredby Zander (4) and Weippl (3). The disease
was formerly attributed to a variety of causes, such as-I. Unfit winter
stores, 2. Sugars containing bluing or sugars other than sucrose, such
as maltose, malt syrup, potato syrup, etc., 3. Quick crystallizing honeys,
fall honeys, buckwheat-honey, honeydew, etc., 4. Fermented and spoiled
honeys, 3. Eating of pollen by bees due to untimely broodrearing, 6.
Moisture in the hive, 7. Moist site for apiary, or moisture in the bee
cellar, So Apiary exposed to winds or drafty winter quarters, 9. Weak
colonies, 10. Improper ventilation of hives or bee cellars, 11. Lack of
water (Durstnot), 12. Queenlesscolonies, 13.An excessof winter stores,
14. Disturbance of the colonies, 15. Sudden excitement of the bees, 16.
Severe cold temperatures, 17. Confinement of long duration, 18. Burned
honey or burned sugar syrup stores.

An accumulation of indigestible constituents from dark honeys and
honeydew, such as dextrin, melizitose, minerals, etc., in the rectum of
the honeybees is often believed to cause dysentery.

In the course of many years, the writer visited many wintering api-
aries, both out of doors and in bee cellars. It was observed that dysentery
never seemed to depend on the physical environment of the wintering
colonies. At any time of the fall, winter or early spring months it was
found that the disease did or did not occur in moist, dry, drafty, cold
or warm, winter quarters. It was concluded that the occurrence of the
disease must primarily depend upon the quality of the winter stores,
regardless of other environmental factors. For that reason, the compo-
sition of stored winter food in relation to dysentery was investigated.
Methods. For two successivewinters the bees in the University of Wis-
consin apiary were divided in groups of two. Each group was given
natural stores during the winter or provided stores of a known compo-
~tion. The procedure for the second winter was decided by the results
of the first winter's experiments.

Colonies which were to winter on other than natural stores were
shaken from their combs into hives containing only dry, white comb.
They were fed a certain food combination by the pepper-box method
until sufficient food was stored away and capped. The colonies were
fed the latter part of September and early October. After a general
flight these colonieswere transferred to the bee cellar.

Other colonies, fed on candy and liquid syrup in the bee cellar, were
transferred to white, dry, comb, free from any deposit, and then placed
in the bee cellar. Here the colonieswere fed through an oval opening in
the inner cover. During the first winter the cellar temperature was 36°F.
by thermostatic control, and remained fairly constant. During the
second winter, the cellar temperature was raised to 42° F. to enable
the colonies on a candy or syrup diet to obtain their food. Thirty-six
degrees Fahrenheit was found to be too low and did not allow the con-
sumption of food offered through the top of the hive. Cardboard pieces
to cover the entire bottom board were inserted in each colony to collect
the dead bees and the hive debris. The colonieswere visited daily, and
inspected with the least amount of disturbance to note abnormal be-
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havior and dysentery outbreaks. A small flash light was used for this
purpose, as excessive lighting causes a general disturbance in the bee
cellar.

During the first winter several samples were taken from each colony.
Each sample consisted of about 100 bees. They were taken when the
first dysentery case occurred and just previous to the removal of the bees
from winter quarters. Sampling took place three times during the second
season. First, at the time of the initial occurrence of the disease, second,
during midwinter and the third samples were taken at the end of the
winter season.

The first winter the following stores were provided to the experi-
mental groups: a) Original stores containing some honeydew, b) Orig-
inal stores plus one lO-pound pail of 50 (50 sugar syrup, c) Fall honey
collected after August 10 (clover and goldenrod), d) 25/75 sugar syrup,
e) 50/50 sugar syrup, f) 50/50 sugar syrup inoculated with Red Star
Yeast. This syrup was fed to the bees after fermentation was well ad-
vanced, g) 25/75 sugar syrup which was allowed to boil for several hours
until well browned, h) Same honey as group "a" except that the honey
was autoc1aved with 15 pounds pressure for 20 minutes. i) Sugar syrup
containing 5% dextrin2, j) Sugar syrup containing 10% dextrin, k)
Sugar syrup containing 15% dextrin. During the second winter similar
groups were prepared, 1) Original stores containing a little honeydew,
m) Original stores crystallized in refrigerator, n) Original stores from
the previous year, 0) 50/50 sugar syrup fed in greenhouse and partly
crystallized in refrigerator, p) 50/50 sugar syrup fed in liquid form in the
bee cellar, q) 25/75 sugar syrup fed in liquid form in bee cellar, r) Candy
(honey and pulverized sugar containing 12% moisture) fed in bee cellar,
s) Original stores from the previous year with additional water feeding,
t) Candy containing honey, pulverized sugar, 7.3% pollen and 10%
moisture.

During the first winter the last general flight took place on December
2. On December 10 the bees were removed to winter quarters. On Janu-
ary 4 the colonies of group "a" started spotting their cardboard and
appeared restless; dysentery became apparent.

On January 10, group "h," January 20, group "b," and on February
4, group "c" showed dysentery, while the rest of the groups remained
healthy throughout winter and spring.

To obtain sample bees from all parts of the clusters, the bees were re-
moved with tweezers and killed in a cyanide jar. In the laboratory they
were swiftly weighed or dissected. The dissections consisted either of the
removal of the entire intestine or only the rectum. Each sample of 100
bees was divided in two groups of 50, each group was manipulated sepa-

. rately, and the mean of the two results calculated.
After weighing, the moisture contents of whole bees, as well as bees

without heads and intestinal tracts, was determined: The dessication
was performed by -tR hours of heating at ROO F. in a vacuum oven. In

2This dextrin was white dextrin from potatoes. To a 50/50 syrup solution enough
dextrin was added to assume a dextrin content of 5, 10 and 15% respectively, after
the bees lowered the moisture conten.t of the fluid to approximately 20%.

D
ow

nloaded from
 https://academ

ic.oup.com
/jee/article-abstract/28/3/568/2201364 by Albert R

. M
ann Library, C

ornell U
niversity user on 06 M

arch 2019



ALFONSUS: DYSENTERY IN HONEYBI-:ES 571

...
::Jo

'""""~.::
".9
B~
"'"e
""g:,
i

•.••.O"JN

0'"''''''c-ic4M<''',. '"

"" "§ B~ gC'>!~~
~C:_l:C'lOO~

G()~t":'OH~ ~tO0t'700tv:l 0ct5«ie::o)o~~__ ...-l_t:\I_C'>i

eqoo·r.~"'l:l"C:~_OlC OO
~1~~ll'5~~~

M"If!_C\lc.o_u:.\XI.eco~o~o
r:-1~"';""':~~c-i

-~OOOOeqC'.:OO lQQO

.....;~~-.i--ciclt') cQoco
•....c.ot- •....t--¢)G(. «;10000

.....""I:tl ~C"':l
teiM~C\lC'l~u-S

1.Qe¢"'lC"-lIt:'OOCl) -"d'l~r-.:OO~ci"":~M 06000)
__ C"') C":'~M

June, '351

D
ow

nloaded from
 https://academ

ic.oup.com
/jee/article-abstract/28/3/568/2201364 by Albert R

. M
ann Library, C

ornell U
niversity user on 06 M

arch 2019



572 JOURNAL OF ECONmnc ENTOMOLOGY [Vol. 28

other tests the rectum of the bees was dissected, and the amount of ac-
cumulated feces was determined by the total body weight of the bees
expressed in percentages.

The moisture content of feces was also determined by the above
method. The dry matter of feceswas analyzed for several constituents:
a) Free acid, by titration with N /10 NaOH solution, b) Invert sugar
and sucrose by Elser's (1) micro-method, c) By the same method the
dextrin contents were determined, d) The nitrogen was determined by
the Gunning-Arnold modification of the Kjeldahl method, e) And the
ash content was determined by Elser's (1) method.

The results of the various tests at the end of the first winter are pre-
sented in Table 1. The colonieswere arranged according to the amount
of accumulated feces in proportion to the total body weight. Group "k"
died of starvation before any tests could be performed; although it had
15% dextrin in its stores, no sign of dysentery was evident. The food
presented to this group was of a consistency quite similar to the paste
used by paperhangers. For this reason, the acceptance was extremely
slow, and at the time of the first severe cold wave, each colony had con-
sumed and stored little more than a gallon.

From the table it can be seen that dextrin, ash, sugar and nitrogenous
accumulations in the feces cannot be related to the occurrence of dysen-
tery. A slightly higher amount of undigested sugars was present in the
diseased groups and also the healthy group "d" wintered on 25/75 sugar
syrup. Nitrogenous material was found not only in the groups whose
stores contained pollen but also in colonies devoid of pollen. If undi-
gestedpollenwereresponsiblefor the disease,a high percentage of nitrog-
enous material would be evident in the feces. The only factor showing
any relation to the amount of accumulated feces was the moisture
content. The dry matter in feces did not increase fast enough to be
considered a causative factor of dysentery. The dilution of feces, how-
ever, is very conspicuous and increased as the season advanced and as
dysentery became more apparent. The first bees left the cluster to dis-
charge their feces around the entrance when the mean fecal accumu-
lations amounted to 33% of the total body weight of the bees and when
the feces contained approximately 80% moisture. A higher moisture
content was also apparent in the body of the bees from such colonies
after the head and the entire alimentary canal were removed. Since the
interior of the hiveswas absolutely dry, the source of this over-abundant
water remained unknown, until the colonieswere removed from the bee
cellar. After the first appearance of dysentery, it was noted that in the
diseased colonies honey-crystals collected on the inserted cardboards,
while in the healthy coloniesonly cappings and fecal pellets of waxmoth
larvae were found. On April 1, the day the bees were placed outdoors,
samples of their stores were obtained. It was found that the stores of
the diseased colonieswere completely granulated, while the stores of the
healthy colonies were just beginning to granulate. In the process of
granulation, part of the honey crystallizes and consequently contains
only crystallization water. The liquid portion interspersed between the
crystals becomes diluted. The wintering bee is not able to consume
the crystals and must feed on the dilute portion.
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An attempt was made to obtain the liquid portion of the granulated

stores by means of a syringe, but a solution entirely free of crystals
could not be drawn. Finally, the combs containing the winter stores of
all groups were finely chopped up. A glass tube was filled with each
sample and centrifuged for 1 hour at 2000 revolutions per minute. This
produced a separation in three layers, the wax and comb material on
top, the liquid portion in the middle, and the honey crystals at the
bottom of the tube. After the waxy layer was removed the moisture
content of the liquid portion was determined by the sand bath method
in a vacuum oven. A lower number of centrifuge revolutions per minute,
as well as a shorter time of operation, did not produce a complete sepa-
ration. Due to the extended operation time, as well as the swift running
of the separator, a heating of the glass tubes was unavoidable. This
heating, of course, must have caused a partial dissolving of the honey
crystals, and in turn, a lowering of the moisture content of the liquid
portion. It may be safely concluded that the available liquid portion of
granulated honey contains a higher amount of moisture than the mois-
ture determined by the above procedure. The results of the moisture de-
terminations appear in Table 1 and indicate a direct correlation be-
tween dysentery and the dilution of the available food.

Chilling or disturbing individual bees or entire colonies is often cited
as a cause of dysentery. Tests however, have shown that both cause
defecation if the rectum is fairly well filled, but do not produce dysentery
in bees with small fecal accumulations. Chilling caused by cold rain
upon colonies with a screened top, as experienced by Weippl (3), was also
performed, and produced dysentery in June, within 36 hours. But ap-
parently this was not due only to chilling. The bees try to keep dry by
taking up the rain water. They cannot dispose of the excess water, since
the rain prevents their flight. The water remains in the body, fills the
rectum, and a watery discharge of feces within the hive takes place.
The occurrence of dysentery is similar in protected colonies interrupted
during the honey flow by rain. The bees are shut in and forced to eat
unripe honey. Within a short time, the rectum expands and defecation
may take place. The defecation in colonies suffering from a severe shock,
disturbance of any kind-such as transportation, sudden queenlessness,
etc., should not be classed as dysentery. The feces, usually discharged
in little elongated pellets, is semi-solid and lacks the typical odor of
dysentery feces. This type of defecation is comparable to a form of
diarrhea, also occurring in higher animals caused by sudden fright or
horror.

The second winter's experiments were confined to an investigation
of the excess moisture in the available winter food. The experimental
preparations are described above, and the same analytical procedures
were engaged. To show the course of the disease, the data in Table 2
presents results of all three tests performed during the time of cellar
confinement.

Group "t" colonies, fed with candy containing 7.3% pollen, died on
J\Iarch Lj without any signs of dysentery. They began rearing brood
January :20 and gradually diminished in number. Remarkable is the
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gain in weight from the first to the second weighing of these bees, This
increase was due to restoration of their bodies, and not to fecal accumu-
lations; this confirms Haydak's (2) findings in his pollen substitute ex-
periments. The group fed on candy alone reached only the verge of a
dysentery outbreak, although no spotting occurred. The condensation
of vapors from the interior of the bee hive, as well as the air of the cellar,
were unavoidable. These condensed on the candy lumps, and the bees
consumed the moisture first, resulting in a dilution of their minimal
fecal accumulations.

Dysentery occurred in all colonies except the ones fed candy. Im-
portant is the fact that granulated stores originated from 50/50 sugar
syrup feeding will produce dysentery. Dysentery was believed to be due
to a lack of water (Durstnot), and feeding of water was formerly recom-
mended as a cure. But this procedure increased the degree of dysentery.

A crystallization of stores at the start of the season produced the
disease more rapidly and to a higher degree. This can be observed by
comparing group "1" with "m." Both groups were supplied the same
stores, the only differencebeing that the stores of group "m" were granu-
lated in a cold chamber before the hives were populated.

The two groups fed liquid syrup in the bee cellar suffered from dysen-
tery, although theif food consisted of only pure cane sugar dissolved in
distilled water. No indication of the moisture contents of the available
food for these two groups could be calculated for Table 2 since the con-
centrations of the solutions actually absorbed remain unknown. At-
tempts to remove excess moisture from the food by suspending drops
and fanning was observed in both groups. It seems, however, that bees
are more successful in lowering the moisture contents of the 50/50
syrup, since the group fed on the 25/75 solution, suffered the most
severe case of dysentery. Defecation of a large number of bees lowered
the amount of feces or prevented the amount of feces reaching the ex-
pected peak in the late March tests. Defecation on a large scale takes
place when the fecal accumulations reach about 45%. Again, the re-
lation of excessmoisture to the available food shows a distinct relation
to the occurrence and the degree of dysentery.

After a general cleansing flight, the diseased colonies took up their
broodrearing activities in a normal way. But they never reached full
strength nor produced as large a honey crop as colonieswhich wintered
normally.

Sl:MMARY AND CONCLUSIONS

1. Dysentery of honeybees is caused by excess moisture in the feces.
2. This excess moisture is due to the consumption of dilute food or

water. It is generally produced by crystallization of the stores; this
divides the honey or syrup into a solid crystalline portion and a
liquid portion. The liquid portion contains an excess quantity of
moisture.

;~.Pollen, dextrin, minerals, burned sugar, and fermenting syrup do not
produce dysentery.

-1-. Chilling and disturbing honeybees may cause defecation, but do not
produce dysentery in a healthy colony.
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5. Long confinement of bees during the winter as well as a short con-
finement on unripe honey, produces dysentery.

6. Water alone or dilute syrups produce dysentery in bees if absorbed
during confinement.

7. Dysentery appears when the fecal accumulations reach 33% of the
total body weight of the bees. General defecation does not take place
until the accumulation reaches about 45%.
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OBSERVATIONS ON THE BIOLOGY OF THE GREATER WAX
MOTH, GALLERIA MELLONELLA L.

By V. G. MILU1f, and H. W. GEUTHER

Since various writers have recorded numerous observations on the life
history of the greater wax moth, Galleria mellonella L., the authors of
this paper wish to report only a few points not commonly given in the
literature to add to or corrobate the observations of others.

The number of eggs laid by individual females varied from 400 to X39
in a group of 12 females, the average being 754 per individual. Eggs were
deposited singly to as many as 127 in one group. The proportion of sexes
in one group of 323 adults was 172 males to 151 females.

Unmated and separately confined females began to oviposit within 3G
hours after emergence but the eggs never hatched although subjected to
the same conditions as normal eggs which hatched. ,

To test the preference of the females for egg laying positions, a num-
ber of pieces of brood comb were suspended on the points of six-penny
nails projecting through pieces of comb honey sections which were in
turn laid on other pieces of section and fastened in place by glue at one
end. The nail head prevented full contact of the two pieces of section at
the opposite end. Several moths were released in the container and after
24 hours the combs and supports were examined for the presence of eggs.
While the moths frequented the combs in great numbers, no eggs were
found upon the pieces of brood comb except those laid in tiny crevices
where the cocoons were pulled away from the waxen cell walls. On the
other hand, the vast majority of the eggs deposited were found between
the closely attached ends of the two sections and where the sections
rested upon the underlying support thus indicating that the moths pre-
ferred to lay their eggs in cracks and crevices which barely admitted the
ovipositor. In nature, this apparently serves as a means of protection for
the eggs. It would also indicate that in the case of comb honey especially,
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