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INTRODUCTION

Experiments and observations bearing on the problem of the method
of the overwintering of the house fly (Musca domestica Linnaeus) were
begun by the Bureau of Entomology during the fall of 1914 at the Arlington Experimental Farm of the Bureau of Plant Industry. The following
spring the work was transferred to the experiment station of thevBureau
of Animal Industry at Bethesda, Md., and was continued there during
the two seasons 1915-17.
OVERWINTERING OF ADULT FLIES UNDER EXPERIMENTAL
CONDITIONS
UNDER OUTDOOR CONDITIONS

A large number of experiments were conducted during the winter of
1914-15. Reared flies were put in screen-wire cages, which measured
10 by 12 by 22 inches. In the bottom of each was a drawer in wjiich
food and water were supplied. The food materials usually consisted of
sliced banana and fresh horse manure. The cages were kept on shelves
of a screened insectary where they were subject to outdoor temperature
and humidity, but were protected from rain and to some extent from
direct sunlight. The banana and manure were renewed at frequent intervals so that a fresh food supply was always available. The most significant results of these experiments are summarized in Table I.
1
The writer wishes to express his appreciation of the kindness of Mr. E. C Butterfield, superintendent
of the Arlington Experimental Farm near Rosslyn, Va., and Dr. E. C. Schroeder, superintendent of the
experiment station of the Bureau of Animal Industry at Bethesda, Md., for the facilities afforded during the
course of the work. The writer's thanks are also due to Dr. C. H. T. Townsend, of the Bureau of Entomology, for determining many specimens of Muscidae, and to Mr. Frederick Knab, of the Bureau of
Entomology, for the determination of many nomnuscids.
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Experiment No.

I.—Longevity of house flies during winter in cages under outdoor conditions

Date of
emergence.

1914.
M-i
M-2

M-3

Oct.

Last flies
died.

Remarks.
Max.

Days.
40

"F.
18

"F.

14
32
15 28-30

18

Nov. 27

Nov. 12 Dec.
Nov.15-17 Dec.

Temperature.
Min.

1914.

18

Maximum
longevity.

3

11

23

53

18
18

10
10

3-A

Nov.
Nov.

Dec.
Dec.

28

20

32

S-Ai
5-A2
5-A3
5-A4

Nov.
2
Nov. 12
Nov. 2

11-1

Nov. 7
Nov. 11

M-20

1915Mar.
2

Nov. 21

Nov. 30
Dec.
1
Dec. 4
Dec.

14

1915Mar. 13

67
67

18
l8
l8

Dec. 15
Dec. 15
4
4

Minimum temperature of 180 F.
occurred November 24.

2

Nov. 27
Nov. 27
6
3

79

Minimum of 100 F. occurred on
December 15,1914, a. m. All
appeared dead but were kept
inmsectarytill Feb. 12,1915,
then taken to greenhouse,
but none recovered after
several days in a warm room.
[Minimum temperature of 100 F.
occurred December 15, 1914,
64
a.m. No recovery after several
64
hours in warm greenhouse.
73
79
79
67
79
73
64

10

M-7
M-8
4-A2

VO1.XIII,NO.3

19
18
29
27

l8
20
20

Reared in greenhouse and
given time for one feeding
before being taken outdoors.
Continued cold prevented
any feeding after removal to
insectary.

In these and other experiments it was found impossible to keep house
flies alive during the winter in cages under outdoor conditions in spite
of the presence of food and shelter afforded by the mass of food material
and the comers of the wooden framework of the cages. It was found
that the first really cold night of the winter (December 15), when the
temperature fell as low as 100 F., proved fatal. No flies revived after
exposure to this temperature even when kept several hours or even days
in a warm greenhouse. On the other hand, after exposure to temperatures of 2 2 0 or 2 5 0, a large percentage often revived. Continued exposure
to low temperatures which interfere with normal activities, especially
feeding, will eventually prove fatal, as was the case in experiment M-20,
Table I. Since at this latitude temperatures often fall below 100 during
the winter, the foregoing experiments point to the conclusion that house
flies in the adult state can not pass through the winter when exposed to
outdoor conditions.
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IN PROTECTED OR SUGHTlyY HEATED LOCATIONS
An attempt was made to test experimentally the prevailing idea that
house flies can pass the winter in cracks and crevices in protected places
of houses and stables. A portion of one of the bams of the Arlington
farm was selected. The barn is a two-story structure, the first floor of
which has stalls for 25 horses, a carriage room, and harness room. On
the second floor are storage spaces for hay and grain, and at one end over
the carriage room is the farm office. Steam pipes conducting heat to
this office pass under the concrete floor of the carriage room and up inside
the wall of the harness room. The carriage room has large doors on the
south side and three windows on the north. A certain amount of heat
is given off from the steam pipes in the harness room and through the
floor so that the temperature is modified and does not fluctuate as much
or as rapidly as does the outdoor temperature. A shelf was constructed
in the carriage room about 5 feet from the floor and some distance away
from both the steam pipes and the windows. Fly cages were kept on
this shelf, and a thermograph was installed.
Of several experiments conducted here the following two gave the best
results :
EXPERIMENT NO. 13.—Sixty-five flies (45 males and 22 females), which had been
reared in the greenhouse, emerged between December 26 and December 28, 1914.
They were transferred to wire cages and supplied with banana and a mixture of bran
and fresh horse manure well moistened. This material was renewed from time to
time as needed. The cage was put on the shelf in the stable on December 29 and was
examined every other day after this date. The flies died, a few at a time, up to March
9, 1915, when the last ones (9 males and 8 females) were found dead. In this experiment, then, 17 flies had been kept alive for a period of from 70 to 72 days. The maximum temperature during this period was 62o and the minimum was 29o. The mean
temperature for the entire period was 43.8o.
EXPERIMENT NO. 16.—From rearing experiments in the greenhouse 46 flies emerged
between January 28 and February 3, 1915. These were transferred to a cage with the
same kind of food as in Experiment No. 13, and placed on the shelf in the stable on
February 3. The last fly of this lot, a male, was found dead on March 9, 1915, giving a
maximum longevity of from 41 to 47 days. They were subjected to the same temperature conditions as obtained in experiment 13.

The following season, experiments of a similar kind were conducted in
the attic of the apicultural laboratory of the Bureau of Entomology at
Drummond, Maryland. This attic has one large south room which is
plastered and heated. The heat was turned off and the door communicating with the unplastered part was left open. Cages were kept on a
table in this room and the flies were supplied with banana and a sponge
soaked in a sugar solution. Maximum and minimum thermometers were
used in recording temperatures.
The best results were obtained in experiments 60 and 61 following:
EXPERIMENT NO. 60.—House-fly puparia were collected on November n, 1915.
Twenty flies, emerged between November 13 and 16, were transferred to a cage and
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placed on the table in the attic. Fresh food was supplied as needed, and a daily
watch was kept. The last flies of this lot died on January 4, 1916, thus living from
49 to 52 days.
EXPERIMENT NO. 61.—A similar experiment was conducted with flies which had
emerged on November 17 to 19, 1915. The last flies died on January 10, 1916. This
gives a longevity of from 52 to 54 days. The maximum temperature during this
period was 76°, the minimum 35°, and the mean, 56.9°.

These experiments with caged flies in protected or slightly heated locations gave longevity records of 41, 47, 49, 52, 54, and 70 days. Dove
(5)1 records an experiment at Dallas, Texas, in which a fly was kept
alive for 91 days in a large cage kept in an unoccupied room. In the
latitude of Washington it would be necessary for flies to live at least
from the first week of December (the time of the last emergence in the
fall) until early in April (when temperatures first are high enough to
induce oviposition) and be in condition to oviposit at the end of that time.
IN HEATED BUILDINGS

Overwintering experiments were also carried out in one of the warmest
rooms of the greenhouses at the Arlington Experimental Farm. The
room used was one in which tomatoes were grown, with temperatures
ranging as a rule from a minimum of 55o or 60o at night to about 80o
during the day. The humidity also was usually high. A few lots of
flies reared in experiments during the fall of 1914 were transferred to
this greenhouse at times during October and November. These flies
were kept in cages already described and supplied with banana and
fresh horse manure or a mixture of bran and horse manure. Eggs were
readily obtained except when the fungous disease Empusa muscae killed
off the adults too rapidly, and from the original lots of flies several
generations were reared during the course of the winter. Table II
gives the principal results of the experiments bearing upon the question
of how long the flies will live in heated rooms during the winter.
In these experiments, where caged house flies were kept in a warm
humid atmosphere during the winter, longevity records of from 9 to 40
days were obtained. It will be noted from Table II that the short
records are all due to the attacks of Empusa muscae. There is, however,
no evidence that adult flies, even if they escape the attacks of the fungus,
can survive the winter in heated buildings. They were kept alive much
longer in places such as attics and stables, which were only slightly
heated.
1

Reference is made by number to "Literature cited" pp. 1ÓS-169.
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II.—Longevity of house flies during the winter, in a heated room in a greenhouse

Experiment No.

Flies
emerged.

Last fly
died.

Maximum
longevity.
Days,

1914.

I914.

M-4

Nov. 18

Nov. 29

II

M-5

Nov. 19

Nov. 30

II

M-6. ... Nov. 21

Dec.

4

IS

M-8.... Nov. 28

Dec.

12

14

Remarks.

Fungus appeared on sixth day after emergence,
and killed all flies.
Two dead on third day. Fungus appeared
first on eighth day after emergence, and
killed all remaining flies.
Fungus first appeared on sixth day after
cinergeiii~e.

Fungus appeared first on sixth day after
emergence, and was cause of all deaths.
Fungus appeared on eighth day and caused
all subsequent deaths.

M-11...

Dec.

2

Dec.

15

IS

M-14...

Dec. 30

Feb.

8

40

No deaths from fungus, although the cage had
previously held diseased flies and had not
been disinfected.

M-17... Feb.
7
M-18... Feb. 26
M-21... Mar.
3
5-A5... Nov. 7

Mar.
1
Mar. 20
Mar. 31
Nov. 23

22
20

5-A6 ... Dec.

4

Dec. 18

H

5-Bi... Dec. 9
S-B2 ... Dec. 13
5-B3 ... Dec. 16
11-A1 .. Nov. 25

Dec. 28
Dec. 31
Dec. 31
Dec. 4

18
15

No fungus noted.
Do.
Do.
Fungus first appeared on tenth day, a'nd was
cause of all deaths.
Fungus appeared on the sixth day and was
cause of all deaths.
Fungus appeared on the fourteenth day.
Fungus appeared on the tenth day.
No fungus noted.
Severe fungus attack, beginning on sixth day
after emergence, was cause of all deaths.

28
16

ïQ

9

Incidentally the experience with Empusa muscae in these experiments brought out the following points: (1) All the flies which emerged
before December 30, with one exception (see lot No. 5-B3, Table II)
were attacked by the fungus. All the lots of flies which emerged after
December 30 gave no evidence of fungus attacks, although kept under the
same conditions in cages which, earlier in the year, had held diseased
flies, and which subsequently had not been disinfected. (2) The shortest time between the emergence of the flies and the first death from
Empusa muscae was 6 days, but all were not affected at the same time ; in
some cases the period being extended to 19 days. It was found possible
to obtain eggs from nearly every lot of flies before the fungus finally destroyed them. Even if it were possible to propagate Empusa muscae
artificially and to disseminate the spores where they would be taken up
by flies, it is doubtful whether it would be entirely effective, since, as
the records show, eggs were often obtained before all the flies had been
killed. (3) Experiments with the house fly do not support Dove's theory,
based on experiments with Lucilia, that the fungus develops principally
in sexually mature and in fertilized flies, which do not oviposit on account
of low temperatures or in the absence of media for deposition.
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OVERWINTERING OF ADULT FLIES UNDER NATURAL CONDITIONS
Frequent observations were made during the winter on the occurrence
and behavior of house flies found living under natural conditions. For
convenience in comparison with the experimental results these notes are
summarized under the same headings.
UNDER OUTDOOR CONDITIONS

In the fall of 1914 observations were begun early in November. Adult
house flies were found outdoors during warm days up to December 9.
On December 1 several house flies were collected at a compost heap on
the Arlington farm, and again on December 3. On this same date several recently emerged flies were taken near a heap of pig manure at the
Bethesdafarm. On December 9 many recently emerged flies were found
on a heap of horse manure at College Park, Md., but after this date none
were found outdoors until April, 1915, when the following notes were
made:
April 7. No Musca domestica taken. Collected Pollenia rudis Fabricius, Phorbia
cinerella Fallen, Sepsidae, and Borboridae.
April 8. Swept from horse dropping in road Lucilia sericata Meigen, Orthellia cornietna Fabrichis, Myospila meditabunda Fabricius, Phorbia cinerella Fallen, Copromyza
equina Fallen, and an undetermined species of Scatophaga.
April 10. Air temperature, 80o F., at 2 p. m. Search was made at pigpens, stables,
manure heaps, etc. No Musca domestica found. Muscina stabulatis Fallen was
collected.
April 16. No Musca domestica found. Collected Pollenia rudis, Phormia regina
Meigen, Lttcilia sericata, and others.
April 2 5. A few house files were taken by Max Kisliuk near stable at College Park, Md.
April 30. One female house fly taken near stable at the Arlington farm.

During the winter of 1915-16 flies were found outdoors as late as
December 4. On that date one house fly was seen on wall on the south
side of one of the animal houses of the Bethesda Experiment Station.
No house flies were again found outside until the following April. Several
flytraps were set out at various places on the Bethesda station, some on
March 30 knd others April 6, and were kept in operation throughout the
season. Many species were caught, including Pollenia rudis, Phormia
regina, Muscina stabulans Fallen, and M. assimilis Fallen, from the
beginning of the exposures, but Musca domestica put in its first appearance on April 20, 1916.
The records for the winter of 1916-17 are similar. House flies were
collected as late as December 12, 1916, after which none were again taken
until the following spring. A few house flies put in an appearance at a
very early date this year. Two females and one male were taken in a
flytrap on March 26, 1917. A few scattered specimens were taken at
various times during April. The unusually early appearance of house
flies outdoors at this date was doubtless due to the fact that breeding
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had continued and flies were present all winter in the animal house
(see pp. 156-157) and that they escaped from the house on mild days
during March and early April.
It will be noted that these observations on wild flies under outdoor conditions agree very closely with the experimental results with caged flies.
Uncaged flies disappeared at about the same time that the caged flies were
killed by the cold in early December.
UNHEATED BUT PROTECTED SITUATIONS

A very favorable unheated but protected location was found in one of
the stables of the Arlington farm. This stable was at the west end of a
long building and was protected on the north and east by a stone wall
and high ground. The entrance was at the west and the ceiling was low
and tightly boarded. Flies were collected at frequent intervals as late as
January 19, 1915. Many of these were found with the ptilinum still
exserted, showing that they were freshly emerged. Puparia were found
in an accumulation of material under one of the feed troughs, and from
them flies were emerging. All flies completely disappeared, however,
after January 19 and none were again taken here until April 30, 1915.
At Bethesda, Md., no house flies were taken in unheated stables from
December 7, 1915, till April 27, 1916. During the winter of 1914-15
collections were made in the attic of a dwelling house on the Arlington
farm, and during the next two winters a careful watch was kept in the
attics of one or two dwelling houses and of the apicultural laboratory at
Drummond, Md. No house flies were found in such locations, although
Pollenia rudis was present throughout the entire winter each season.
The experimental results showed that attics and slightly heated stables
and similar places offer the most favorable temperature conditions
conducive to longevity. Yet observations indicate that house flies never
select such places for spending the winter. The records given by Copeman
and Austen (4) of flies sent in to them from various places in England
include no specimens of house flies taken in dormant or inactive condition
in attics or other unheated places. It is shown that they " were all taken
in an active condition'' and from heated locations, such as dining rooms,
kitchens, or bake shops.
IN HEATED BUILDINGS

Copeman and Austen (4) pointed out that—
under the exceptionally favorable conditions afforded by confectioners' shops and
restaurants, house flies of both sexes may survive in some numbers, at any rate until
February.

But there is—
nothing in the shape of proof that female house flies found alive at the end of the
winter actually survive until oviposition takes place. * * * The ultimate fate
of these insects is however at present unknown.
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By restricting observations to certain selected places and by continuing
them throughout the entire season the writer has been able to collect
data which, it is believed, offer an explanation of the presence of flies
during the winter months and of their ultimate fate. The following
paragraphs bear on this point.
Some observations were made at a boarding house near Washington
during the winter of 1915-16. There seemed to be complete indifference
on the part of the occupants to the presence of flies, and the writer,
in order to make some observations on these flies under natural conditions,
was careful not to arouse any enthusiasm for fly killing. House flies
were present in kitchen and dining room, and occasionally in bedrooms,
throughout the fall and early winter. Their numbers gradually decreased
as winter set in, but a few stragglers were noted and watched well into
January. The last of them (two males) were noted in bedrooms on
January 31. None were again seen in this house until the following May,
some time after they had first appeared outdoors.
At the Bethesda station a small building is used daily for baking a
coarse bread from meat scraps and com meal to be fed to dogs. Temperatures were always high during the day, but the fires were allowed to
go out during the night, and at such times the temperature often fell
below freezing. House flies were present in large numbers during the
fall. Empusa muscae carried off large numbers of them, but, in spite
of this, some persisted during December and well on into January. There
was a gradual and steady decrease and the last ones were observed on
January 27, after which none were again seen here until the following
May.
In both the above cases the flies had free access to food, but there was
hardly any opportunity for oviposition. Their behavior was quite
normal—that is, when the buildings were heated, they were active,
invading everything with their usual annoying persistence, and when
the temperatures were low they could be found at rest on the ceiling or
walls, especially in the corners.
During the winter of 1916-17 special attention was paid to the conditions existing in the animal house at Bethesda, where large numbers
of rabbits and guinea pigs are kept. The building used for this purpose
is a long two-story structure, the walls of the first story being of masonry
and the second story of frame construction. The floor of the first story
is below ground level, and on this floor near the north wall is located the
heater of the steam-heating plant. The temperature is maintained at
about 60o F. throughout the winter, but in the immediate vicinity of
the heater the temperature is, of course, considerably higher. From
time to time cabbages were brought in from the storage banks and piled
on the floor between the heater and the wall until used for feeding. A
certain amount of decay always set in, especially in some of the outer
leaves of the cabbages which had previously been slightly frozen. The
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warmth from the heater and the odor of decaying cabbage proved very
attractive to house flies, and large numbers congregated here early in
the fall and were present in considerable numbers throughout the winter.
That the house flies present here during March and the early part of
April, 1917, were not the survivors but rather the offspring of those
which had congregated here in the fall of 1916 is quite clearly indicated
from the following observations :
It was noted that large numbers of these flies were carried off during
December and early January by the attacks of a fungus, doubtless
Empusa muscae. For example, on January 4, on one of the supporting
posts near the heater, 68 victims of the fungus were counted. These
were swept off, and six days later about 30 fresh victims were counted.
Shortly after this date all the woodwork of the interior of the building
was painted and no more deaths from fungus were noted, but dead flies
were occasionally found on the floor below windows or between the
windows and screens. In spite of these deaths there was no very noticeable falling off in the number of active adults which frequented the pile
of cabbages. It was evident that breeding was taking place and that
freshly emerged flies were steadily appearing to take the place of those
killed by natural causes.
The breeding places were not definitely located. The cages for rabbits
and guinea pigs were kept in excellent condition. All excrement, soiled
litter, and waste food were removed from the cages every day, or at
least every other day, and hauled away from the building. Floors under
and around the cages were swept clean. The only possible place for the
development of the larvae seemed to be in the decaying portions of the
cabbage. No lot of cabbage remained on the floor near the heater more
than four or five days before it was*used for feeding. It is possible,
however, that flies may have oviposited on some decaying portion of the
cabbage, and the issuing larvae may have had three or four days development before being disturbed. Then, some may have been transferred
with the food to the animal cages, where they possibly would have had
time to complete their growth and to pupate in some obscure comer of
the cage or in clean litter, and thus escape the cleaning process. The
warmth near the heater and the warmth in the cages from the bodies of
the animals would be sufficient to carry through development to pupation at about the normal rate. A study of the adults showed conclusively, however, that breeding was taking place and that freshly emerged
flies were appearing from time to time.
Deposition of eggs was easily induced when a suitable medium was
exposed. Thus, on December 13 a 1-gallon, wide-mouthed glass jar was
half filled with moistened bran and exposed on a low support near the
pile of cabbages. The warmth soon produced an active fermentation
and eggs were obtained on December 15. Again, similar depositions
were obtained on December 22, December 28, January 6, and other sub-
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sequent exposures. In no case was there failure to obtain eggs within
two or three days after exposure of the moist bran. The eggs so obtained were, of course, removed from the building in order not to interfere with the normal course of events.
The foregoing observations on deposition were supplemented by a
study of a number of females captured from time to time during the
winter. They were first examined to determine whether or not they
were freshly emerged. This is done by exerting a little pressure on the
sides of the thorax with a pair of forceps. In the case of very young
flies this causes the ptilinum to extrude, even if it had previously been
completely retracted. In the course of some other experiments it was
found that in flies exposed to rather low temperatures the ptilinum may
retain this elasticity for as long as 12 days, but at the temperature of
this animal house it is probable that the ptilinum can not be forced out
after the flies are three or four days old. When such pressure does not
cause the ptilinum to extrude, it is certain that the fly is past this early
stage of plasticity, but how much older it may be is, of course, unknown.
After this examination the flies were dissected and the spermathecse
were examined for the presence or absence of spermatozoa, and the size
and development of the ovaries was studied. A regular procedure was
adopted in this study, as follows : The abdomen was removed from the
freshly killed fly, and from this the entire reproductive system was removed. This was put on a hollow ground-glass slide and covered with
physiological salt solution. The spermathecae were then removed and
mounted on a plain glass slide in salt solution and examined under the
compound microscope (4-mm. objective). A little pressure on the cover
glass will cause the chitinous capsule to break open and the presence or
absence of spermatozoa is easily determined. Plate 7, figure G, gives an
idea of the appearance of the spermathecae just after they have been thus
broken open. The spermatozoa in lively wriggling masses are seen
issuing from the cracks of the capsule walls and also from the severed
ends of the ducts. The lines of the figure which represent the spermatozoa are relatively darker and heavier than they actually appear under
the microscope.
The ovaries were fixed in Camoy's fluid and washed in alcohol and
then stained in carmalum or borax carmine. After destaining and
dehydrating, the ovarioles were separated by careful manipulation with
needles and mounted in balsam. Sometimes a little picric acid was
added to the 95 per cent alcohol during the dehydrating process in order
to bring out the chitinous structures more clearly. The ovaries were
found in all stages of development. Camera-lucida drawings of certain
well-marked stages were made. These are shown in Plate 7, figures A
to F. They are drawn to the same scale, the No. 10 eyepiece and
the 16-mm. objective being used. Most of the figures show the structures in optical section, but the surface markings have been represented
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on some of the larger cells. These six stages were selected arbitrarily as
standards of reference, and all the other ovaries were compared with them
and grouped according to the stage which they most closely approached.
The results of this study are given in Table III.
III.—Showing presence of spermatozoa and the stage of development of the ovaries
in house flies taken during the winter in a wann building, Bethesda, Md., IQIJ

TABLE

Condition of
spermathecse.
Date.

Number of
females Sper- Spermato- matodissected.
zoa
zoa
pres- absent.
ent.

Ptili- Condition of ovarioles at developmental stages i-ó.
nmn
extruded
(freshly
2
1
6
3
4
5
emerged
flies).

1917.
January 10
January 15
January 17
January 24
January 30
February 2
February 6
Februarys
February 12
February 13
February 16
February 17
February 21
February 26
March 9
March 13
March 17
March 21...
Total
Percentage of
total

6

4

2

2

4

4

2
2

I
I

4
4
4
3
3
4

3
4

2

2
2
1

4
2

2
2

2

»I

ai

2

I
I
I
2
1

I
I

OP.«.I

I

<*!

1
1

I

I

P.«. I

2

I

I
I
I

1
I

ap.e.l

«1

a !

4
3
4

3

2

2

59

46

13

4

6

11

78

22

6.7

10. 1

18. i

&I

I
Ci

a2

1

4

1
v
2
I

1
2

3
2
I
I
I

2
1
1

^2
I

3
4

2

2

2
2
1

1

18

6

30-S

10. 1

C I
2

5
22

8.4

a Indicates ovaries of flies from which spermatozoa were absent.
P.«. Indicates those in which ptihnum could be extruded.
& Two eggs lodged in oviduct showing that deposition had recently occurred.
c Mature egg lodged in oviduct, showing that deposition had recently occurred.

Table III shows that of the 59 females examined during the period
from January 10 to March 21, 1917, 46, or 78 per cent, contained living
spermatozoa in the spermathecse, while in 13, or 22 per cent, the spermathecae were empty. In 6 flies, or 10 per cent, the ovaries were in the first
stage of development. Correlated with this was the entire absence of
spermatozoa and the fact that in 3 of them a slight pressure on the
thorax caused the ptilinum to extrude. This proves conclusively that
they were very young flies. Of the 11 flies, or 18.6 per cent, with ovaries
in the second stage of development, spermatozoa were found in only 3
cases, and the ptilinum could be extruded in 1 case. They were but
slightly older than those of stage 1. With one exception (a fly with
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ovaries in the fourth stage) all flies with ovaries past the second stage of
development contained spermatozoa. In 13 flies, or 22 per cent, the
ovaries were apparently mature, and eggs were ready for deposition. In
5 flies, or 8.4 per cent, the condition of the ovaries indicated clearly that
deposition had occurred only a short time previous to the examination.
The ovarioles had the appearance of figure F (PI. 7), and in 3 cases mature
eggs were seen lodged in the oviduct at the point where the oviducts unite
to form the common oviduct.
A comparison of the foregoing findings with the conditions found in
Pollenia rudis is very instructive. There is hardly any doubt that Pollenia hibernates in the adult state. It is found at all times throughout *
the winter in attics, unoccupied rooms, and the like, and is often seen outdoors in mild weather. Frequent collections were made during the winter
of 1916-17, and the spermathecae and ovaries were studied in the same
way as those of the house fly. The spermathecae were found to be empty
in all cases examined during December, January, and February. . The
first spermatozoa were found in a female examined on March 22. Correlated with this was the fact that, without exception, all ovaries corresponded in development to stage 1 (PI. 7, A) of the house fly. Not
until early in March was any more advanced stage of development encountered. This agrees exactly with Kisliuk's observations (13) on
Pollenia at Columbus, Ohio, where he found no development of the ovaries until early in March. Kisliuk (13) also succeeded in obtaining eggs
from specimens of Pollenia captured on March 21. A specimen of Pollenia was kept alive in a cage in the screened insectary at Bethesda, Md.,
for a period of about four months during the winter, and during this time
the temperature reached a minimum of— i0 F. It appears, then, that
those individuals of Pollenia emerging in October and November overwinter as adults, being active on warm days, but clustering in corners
and hiding in cracks and crevices during cold periods. The ovaries remain undeveloped until spring. During warm periods in March the
ovaries begin to develop, copulation takes place, and eggs are soon ready
for deposition.
Now, if Musca domesiica did hibernate as an adult, one would expect
to find a similar suspension of sexual development even in warm buildings, and to find the reproductive power conserved to be exercised only
in the spring when outdoor activities could be resumed. M. domestica,
however, does not show any such retardation of ovarian development;
nor does it display the same ability to withstand the effects of cold.
Another important fact is that M. domestica was never collected during
the winter in attics and other unused but protected places where Pollenia
is found in such abundance, although experiments with caged house flies
showed that the temperature of such locations was most favorable for
the prolongation of life. In other words, adults of M. domestica were
found during the winter only where food was available, and persisted
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throughout the winter only where conditions permitted breeding to
continue uninterruptedly.
Jepson (12) and other observers have proved experimentally that house
flies will breed during the winter under the proper conditions. The foregoing studies on the development of the ovaries and the behavior of the
flies in the animal house at the Bethesda station, and Kisliuk's observations (rj) in the animal house at the Ohio State University and in the
Columbus (Ohio) garbage disposal plant, prove that breeding does normally take place in locations where artificial heat, food material, and
breeding media are available. Breeding continues all winter in such
places, and then on wann days in the spring the flies escape through open
windows or doors and take up their usual outdoor activities. This is
very probably the explanation of the early appearance of those flies taken
in traps on the Bethesda farm in March, 1917, and also of those found
by Dr. Henry Skinner (17) on March 3, 1913, since in a city there are
doubtless many places where breeding occurs throughout the winter.
RELATION OF TEMPERATURE TO ACTIVITY
The behavior of house flies at ordinary summer temperatures has been
treated fully in the works of L. O. Howard (zr), Hewitt (<?, 9), GrahamSmith (7), and others. But the following brief notes on the effect of low
temperatures on activity have a direct bearing on the question of overwintering. Observations were made on both laboratory-reared caged
flies and wild flies:
65o F. .Flies are quite active.
55o F. .Flies are fairly active. Copulation was noted at
this temperature, but no sexual activity has been
noted at lower points.
52o F. .Flies only slightly active.
42o F. .Flies move rather weakly when disturbed, but are
otherwise inactive. In cages they are usually
found on the sides or in comers near the top.
40o F. .Flies inactive; crawl feebly when touched.
34o F. .Flies inactive; may move legs in weak uncoordinated way when touched.
o
30
F.
.One
male survived exposure for one week at this
At temperature of
temperature. (10).
29o F. .Usually no reaction when touched, but they
quickly revive when brought into a warm room.
25o F. .Appear to be dead, but most of them revive when
brought into a warm room.
22o F. .Apparently dead, but in some cage experiments it
was found that a considerable percentage revived when warmed after exposure to this minimum during the preceding night.
120 F.. All dead; no recovery when taken to a warm room.
" None survived exposure for one week. " ( 10).
100 F..All dead.
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The fatal temperature is thus shown to be quite low, and the fact that
many revive after exposure to temperatures as low as 22o F, explains
why flies persist outdoors in this latitude as late as the first week in
December. The most important point is that flies will resume activities
when the temperature is raised, even after exposure to rather low temperatures. There is no hibernation in the sense of long-continued suspension of activity during the winter months. Dove (5) states that he
has never—
observed living adults to remain quiescent for more than a few days. The natural
heat of the sun or very slight artificial heat will cause them to become active.
OVERWINTERING OF LARVA AND PUPA STAGES

Probably every observer who has planned any work on this problem
has started out with the assumption that "it might reasonably be thought
that the pupae would prove more resistant than the earlier stages"
(3), and there have, in fact, been many attempts to carry the puparia
of the house fly through the winter. "But," says Copeman, "so
far as I am aware, no observer has succeeded in breeding out the
flies from pupae kept through an average winter in this country" [England]. "Nor," according to Hewitt's statement (9), "has it ever been
possible in my breeding experiments in Canada and in England to carry
the insect through the winter in the pupal state." Lyon (14) reports
some experiments started on October 19, 1914, at Boston, Mass. Thirtyseven lots, of 100 puparia each, were buried in wet and dry sand, wet and
dry loam, wet and dry horse manure, and leaf mold. These materials,
with pupae, were placed in glass jars, some in the basement of a stone
building, some in an unused greenhouse, some in sheltered positions
outdoors, and some in exposed positions outdoors. No flies emerged
from those lots placed outdoors. Several hundred emerged from those
kept in the greenhouse and in the basement, but even from these none
emerged after December 1, 1914. Upon examination on June 23, 1915,
the pupae appeared normal, but on being broken open they were found
to have completely dried out.
The writer has tried similar experiments and obtained similar results.
About 1X quarts of pig-manure-bran mixture containing approximately
900 puparia were collected at Bethesda, Md., on November 14, 1914.
This mass was put in a large wooden box, covered with 3 or 4 inches of
sand, and the box, covered with a plate of glass, was placed on a shelf
of a screened insectary. House flies in considerable numbers emerged
on mild days up to December 4. None emerged after that date. On
March 17, 1915, the box was transferred to a warm room in a greenhouse and remained there until April 1, but no flies appeared. Another
collection of pupae made on December 3, 1914, and handled in the same
wayj also showed no emergence after December 4. In a third experiment
special precautions were taken to prevent freezing, and pupae of known
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age were used. From rearing experiments in the greenhouse eggs were
obtained January 9, 1915. These hatched and were carried through in
horse manure confined in a large wooden box. From this lot about 150
puparia were collected on January 26, immediately placed in a box (8
by 8 by 10 inches), and covered with 4 inches of dry sand. The box was
taken to the apicultural laboratory at Drummond, Md., and buried to
within 1 inch of the top of the box in the ground near the east wall of the
building. With the help of Mr. G. S. Demuth thermocouples were inserted in the sand among the puparia. The box was then covered with
a glass plate and over this was placed a square of rubberized roofing and
a large quantity of sawdust. Temperature records were taken eight
times daily from this date until April 26, by means of the electrical
apparatus used by Phillips and Demuth (16) in their work on the temperature of the bee cluster in winter. The actual temperature to which
the puparia were exposed was uniformly low, but never less than 34o F.
There was a gradual rise in temperature until 45o F. was reached, on
April 26, when the readings were discontinued. On May 17 the box was
taken from the ground. No flies had emerged. The puparia were collected and examined. While their external appearance was normal, of
10 puparia which were dissected, 7 were found to contain a browif sticky
liquid, and in 3 the pupse, although well formed, were completely dried
up. The other puparia were kept in ordinary garden soil until July 17,
but no flies emerged.
All these experiments are open to the criticism that the conditions
were more or less artificial, and that relatively small numbers of puparia
were used. Attempts to provide more nearly natural conditions and to
determine the possibility of overwintering in large heaps of manure were
first reported by Bishop, Dove, and Parman (2). They report two cases
in which they succeeded in carrying the house fly through the winter in
the immature stages. In one of these, at Dallas, Tex., 3 barrels of horse
manure, cow manure, and straw were put in a cage on November 26,
1913. No flies emerged after December 27 until April 16, 1914, when 4
specimens appeared. Others emerged May 26. Larvae were found in
some numbers up to March 21. Thus it was shown that the house fly
lived in the larva stage for a period of 115 days, and in the larva and pupa
stages until April 16 and May 26, periods of 141 to 181 days. In a second experiment, at Uvalde, Tex., horse manure and straw were put in a
cage on December 6, 8, 9, and 13, 1913. Emergence continued during
warm periods throughout the winter. From 1 to 9 flies emerged daily
from March 1 to 18, and on each of three days (Apr. 1,2, and 4) a single
fly emerged. Dove (5) gives further details of these experiments.
The publication of the experiments of Bishopp, Dove, and Parman (2)
brought up the question whether they were paralleled under more severe
winter conditions, or whether they obtained only in the moderate cjimate
of Texas and the Gulf coast. Experiments similar to these were carried

Journal of Agricultural Research

164

Vol. XIII, No. 3

out by the writer at Bethesda, Md., during the two winters of 1915-16
and 1916-17, but not until the winter of 1916-17 was any evidence obtained which tended to show that overwintering in the larva and pupa
stages was possible in the more northerly latitudes. The results of these
experimerts are here briefly reviewed.
Six wooden frames 7 feet square and 2 feet high were set in the ground
to a depth of 6 inches. On these were placed pyramidal screened covers. The pyramids were slightly truncated and provided with a 6-inch
opening at the top, over which a large flytrap was fastened. The whole
was carefully fitted, so that there was no escape for flies except into
the trap at the top. Migrating larvse would have to burrow at least 6
inches into the soil in order to escape under the wooden sides of the
cages. From October 22 to 29, 1915, 8 bushels of fresh horse manure
and straw were put in each box. To this was added about 5 quarts of
pig-manure-bran mixture, which had been collected from a heap near
some pigpens and which contained thousands of larvae in different
stages. Additions of both horse manure and pig manure were made at
intervals until December 8, 1915, when there was a total of about 25
bushels. The pyramidal covers, with flytraps attached, were put in
place on November 4, and records of emergence from three cages were
kept during the fall and of all six cages during the following spring.
From the three cages records of which were kept during the fall emergence ceased after December 3, 1915. The number and species are
given in Table IV.
TABLE

IV.—Number and species of flies emerged from three heaps of horse and pig manure
from November 4 to December jf ipij"

Species.

Musca domestica
Stomoxys calcitrans Linnaeus..
Morellia micans Macquart

Total
number of
flies
emerged.
1,062

Species.

MxiscUia assimilis
Orthellia comicina
Phormia regina

Total
number of
flies
emerged.
X
I
I

During the following spring emergence began April 6 and continued
as late as June 1, 1916. The records for all six heaps are given in
Table V.
In these experiments Musca domestica was found emerging up to
December 3, 1915, but none were taken after this date, although the
heaps were kept under observation until June 1, 1916. The same is true
of Stomoxys calcitrans. Of the six species taken during the fall only one
(Muscina assimilis) appeared again in the spring in these traps. Eight
species in addition to the three or four species of the Sarcophagidae were
takei\ during the spring, and thus proved to have overwintered in the
larva and pupa stages. Of these Hydrotaea houghi and Ophyra leucostoma
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are not normally found in horse manure, but were doubtless introduced
in the pig-manure-bran mixture.
TABLE

V.—Number and species of flies emerged during the spring of IÇ16 from six heaps
of overwintered horse and pig manure

Species.

Muscina assimilis
Muscina stabulans
Fannia canicularis Linnaeus...
Hydrotaea houghi Malloch
Ophyra leucostoma Wiedemann
Phorbia sp
Scatophagafurcata Say
Syritta pipiens Linnaeus
Sarcophagidae

Poriod of emergence.

May 4 to 20.
May 4.
April 6 to May 22.
April 24 to I£ay 31.
April 28 to May 31.
April 28 to May 4,

April 6 to May 6.
May 6 to 22.
May 2 to 29.

Three experiments were carried out during the winter of 1916-17.
They were started on October 3, 1916, by placing in each of three wooden
frames 8 bushels of fresh horse manure containing little straw and seen
to be quite heavily infested with larvae of both Musca domestica and Stomoxys calcitrans. Additions of horse manure were made from time to time
up to January 8, 1917, when each heap contained 40 bushels of manure.
Larvae of Musca domestica and Stomoxys calcitrans were seen in all manure
added to the heaps up to and including that of October 24, all additions
after this date appearing to be free from infestation.
The first of these three experiments was managed somewhat differently from the others. On October 9, 1916, 1 quart of moist bran containing hundreds of house-fly larvae was put on the heap. Again on
three occasions—December 27, 1916, and January 4 and 10, 1917—
2 quarts of moist bran which had been previously exposed in the animal
house and was heavily infested with fly larvae were buried in the heap.
In this way fully 2,500 house-fly larvae were added to the normal infestation of the manure. The pyramidal cover, with attached flytrap, was
put in place on November 13. From this date to December 11 the following species were taken from the trap :
Musca domestica
Stomoxys calcitrans

20 I Fannia canicularis
247 | Scatophaga stercoraria

1
2

No further emergence was noted during the winter until March 22,
1917. The trap was regularly emptied from that time until June 4, the
catches being summed up in Table VI.
41813°—18
2
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VI.—Total number of flies emerged during the spring of IQIJ from one heap of
horse manure to which infested bran was added

Period of emergence.

Species.

April 30.
April 16 to 23.
May 14 to 21.
April 9 to 30.
April 9 to May 14.
April 16 to May 21.
April 16 to 30.
March 22 to April 30.
April 9 to May 14.

Musca domestica.
Muscina assimilis
Muscina stabulans
Ophyra leucostoma
Hydrotaea armipes Fallen
Fannia canicularis
Other species of Anthomyiidae
Scatophaga (tercoraria
Scatophaga furcata

The single specimen of Musca domestica taken from the trap on April
30 was plainly freshly emerged, having bright colors, soft body, and
ptilinum not fully retracted.
Two other experiments were conducted in the same way as the one just
described except that no bran with larvse was added at any time, and
therefore no larvse were introduced after October 24. The manure
added after this date was not infested. From November 13 to December
11, 1916, the following flies emerged from these heaps:
Musca domestica
Stomoxys calcttrans
Scatophaga stercoraria

34
200
1

No emergence took place from December 11 to April 2. From April 2
to June 4, a total of 347 flies were taken, as shown in Table VII.
TABI^E

VII.—Total number of flies emerged during the spring of ici? from two heaps
of over-wintered horse manure

Species.

Musca domestica
Stomoxys calcitrans
Myospila meditabunda
Muscina assimilis
Fannia canicularis
Hydrotaea armipes
Other species of A nthomyiidae
Scatophaga furcata
Scatophaga stercoraria

Total
number of
flies
emerged.
I
1

3
2

33
76
50
158
23

Period of emergence.

April 23.
May 14.
April 20 to May 14.
April 30 to June 1.
April 23 to May 21.
April 23 to May 25.
April 16 to May 14.
April 2 to May 14.
April 2 to May 21.

Total

From these three experiments only two specimens of house flies
emerged during the spring. If this number is too small to prove this to
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be the usual method of overwintering, at least it proves the possibility
in the latitude of Washington. From a mass of pupae collected in a pile
of rabbit and guinea-pig manure on February 26, Kisliuk (ij) was successful in rearing four house flies on March 10 and 12. McDowell and
Eastwood (15) record observations of the same kind. Whether the
house fly can overwinter in the larva and pupa stages in more severe
climates is still doubtful. C. W. Howard (JO) concludes from his observations that—
the temperature of Minnesota winters is not favorable to the overwintering of the
house fly in any except the adult stage and that stage only in places where there is a
sufficiently high temperature and where food conditions are favorable.
SUMMARY AND CONCLUSIONS.

The present status of our knowledge of the overwintering habits of the
house fly seems to the writer to warrant the following conclusions:
In the latitude of Washington, D. C, the house fly may overwinter in
two ways: (1) By continued breeding in warm places where food and
media for deposition are available, and (2) in the larva and pupa stages
in or under large manure heaps.
There is no evidence whatever to show that house flies do or can persist as adults from November to April, either outdoors, in protected
stables, or in attics or heated buildings. Temperatures of 120 or 150 F.
are quickly fatal, and there is every reason to believe that any temperature below freezing is fatal if continued long enough. In heated buildings their life is not prolonged beyond that of summer at like temperature, nor is there any suspension or retardation of sexual development or
activity. *
It is known that house flies continue to emerge from manure heaps as
late as the first week in December. Many of these late forms will find
their way on mild days to heated buildings, and those which do not are
quickly killed. Those that find their way to heated buildings are attracted, as in summer, to odors of food and will congregate in kitchens,
dining rooms, restaurants, bakeries, animal houses, and the like. If no
food is at hand they will quickly perish. When food is available they
may continue alive through December and January and even into
February, if not destroyed by fungus attacks. But there are neither
experiments nor observations to show that they can continue throughout
the winter until temperatures are again favorable for outdoor activity
and egg laying. If flies find access in the autumn to heated buildings,
where both food and media for deposition are available, such as animal
houses or restaurants in which sufficient attention is not given to the
disposal of garbage or kitchen wastes, they will continue breeding throughout the winter. In such cases the flies present in March and April are
the offspring, not the survivors, of those which found their way to such
places the preceding autumn. It is probable that this method of over-
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wintering is much more widespread than is now realized, especially in
cities where there must be several foci from which flies escaping on warm
days in March and April, survive to produce the hordes that begin to appear late in May.
The possibility of house flies overwintering in the larva and pupa stages
has been demonstrated at Washington, D. C, and at Columbus, Ohio, as
well as for the milder regions of Texas. But whether this method of overwintering in these stages or by continued breeding is the more common or
more successful can not now be stated. To judge from experiments
with larvœ and pupae and from the fact that house flies do not appear
in large numbers until late in May or early in June it would seem that
only a very small percentage of larvae, which are present in manure heaps
in the autumn, live through the winter and give rise to the adults in the
spring.
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PLATE 13
Musca domestica :
A-F.—Various stages in the development of the ovarioles from the time of emergence
of the fly until after deposition of eggs. Camera-lucida drawings from ovarioles
stained in carmalurn or borax carmine. All drawn on same scale. No. 10 eyepiece
and 16-mm. objective.
•
G.—Two spermathecae. Camera-lucida drawing from fresh preparation âhowing
spermatozoa escaping from the severed ends of the ducts and from the splits in the
sides of the capsules caused by pressure on the cover glass.
(170)

Overwintering of the House Fly

PLATE

13

A ÍÍ

Journal of Agricultural Research

Vol.Xill, No.3

