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Studies on the Population Dynamics of the Housefly,
Musca domestica L. *

DONALD E. WEIDHAAS 1 & GERMAIN C. LABRECQUE 2

The population level and potential rate of increase ofa population of houseflies, Musca
domestica L., on Grand Turk Island was studied for about 2 years to determine what
changes occurred when no control was applied (the first year) and when the population
was totally suppressed by the application ofchemosterilant baits (the second year). During
the first year the population was relatively stable (the highest density occurred in June
and the lowest in January) and the difference between the high and low levels was only
3-fold. When chemosterilant baits were applied over a 40-week period and total suppression
was achieved, calculations based on the sterility achieved and the resulting control revealed
that the population showed potential rates of increase ranging up to 4-fold during the
period from June through October and from 4-fold to 11-fold from December through
April. Thus, in the field, the potential rates of increase of the housefly are low despite
its high biotic potential.

Research on pathogens, parasites, predators,
sterility, attractants, and hormones as adjuncts or
alternatives to physical and chemical methods of
insect control has recently received emphasis
(Kilgore & Doutt, 1967; National Academy of
Sciences, 1966). However, many of these approaches
will not be successful, or it will not be possible to
determine their feasibility, until more information is
available about the dynamics of the insect popu-
lations to which these approaches will be applied.
For example, Knipling (1964) emphasized the im-
portance of knowing the dynamics of total popu-
lations, particularly their numbers and rates of
increase, before evaluating the potential of a given
control technique.
The rate of increase of an insect population in the

field is considered to be the result of the interaction
of the population's biotic potential and the environ-
mental stresses to which it is exposed. For example,
the biotic potential of houseflies, Musca domestica L.,
is high: it is estimated that if the offspring of a
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single pair of houseflies were able to reproduce
without restriction through one favourable breeding
season, there would be from 5 x 1012 to 3 x 1014 flies
by the end of the season (West, 1951). Also, we have
unpublished data at the Insects Affecting Man
Investigations Laboratory at Gainesville, Florida,
that show that houseflies reared in optimum condi-
tions in the laboratory can increase in numbers
145 times from generation to generation, a generation
being taken as the life-cycle from egg to egg. How-
ever, we also know that these high rates of increase
are not realized in the field. In fact, populations
both increase and decrease in size (show positive and
negative rates of increase), as environmental stresses
influence the expression of the biotic potential.
Therefore, in determining the feasibility or applica-
bility of methods of control by which a total popula-
tion is to be suppressed, we must know the actual
potential rates of increase of a population in the
field and the way this increase will be affected by the
additional stress of artificial control. To date, little
such information is available about the effect of
stress. Knipling (1964), in pointing out the need for
such information, estimated that the rates of
increase would be about 5-fold and that with some
species, e.g., the tsetse flies (Glossina spp.), it would
be lower, though with others it would be higher.
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CURVES FOR DERIVING THE EXPRESSED RATE OF INCREASE (ERI)a AND THE SURVIVAL POTENTIAL (SP) OF
AN INSECT POPULATION FROM OBSERVED VALUES OF THE PERCENTAGE STERILITY ACHIEVED IN THE

P GENERATION AND THE PERCENTAGE REDUCTION IN NUMBERS OBSERVED IN THE NEXT (FI) GENERATION
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a ERI values range from 0.25 x to 20 x .
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STUDIES ON POPULATION DYNAMICS OF THE HOUSEFLY

DESCRIPTION OF METHOD

The present paper reports a method of studying
the potential rates of increase of insect populations
in the field. It uses data concerning the housefly
that were obtained in a test on Grand Turk Island
in the West Indies (Meifert et al., 1967) to determine
the potential rates of increase in a field population
that was either exposed or not exposed to the stress
of control. For the purposes of our discussion,
" biotic potential " (BP) is used to indicate reproduc-
tive capacity at optimum conditions (without
environmental stresses); "rates of increase" (RI),
the changes in levels of population from generation
to generation in the presence of normal environ-
mental stresses; "expressed rates of increase" (ERI),
the changes in levels of population from generation
to generation in the presence of the same environ-
mental stresses plus artificial control; and " survival
potential" (SP), the maximum ERI a population
can express with a given set of environmental
conditions. A generation is considered the time
from deposition of eggs by one generation to deposi-
tion of eggs by the progeny from the first eggs.
Weidhaas (1967) pointed out that the ERI of an

insect population exposed to stress of environmental
factors and population control through the introduc-
tion of sterility into it could be derived by comparing
the sterility in one generation with the change in
population from that generation to the next. When
sterility is sufficiently high to cause a reduction in
the density of the subsequent generation, a measure
of the ERI or SP can be obtained. We therefore
constructed a graph relating percentage sterility in
one generation to percentage reduction in the
subsequent generation and to ERI. (We should
point out that though we used the induction of
sterility as the method of control or suppression, any
control technique, for example, the use of insecticides,
that reduces reproductive potential would have a
similar effect.) Also we are limiting our discussion
to cases where reductions in population densities
occur. Our graph can easily be extended to include
cases where increases in population density occur in
spite of artificial population control.

In the graph, reductions in the numbers of the
F1 population ranging from 0 to 100% are located
on the Y axis and the measure of parental (P)
sterility (0-100%) on the X axis. The terms P and
F1 generations are used simply to denote that the
reduction is derived from the generation following
that into which the sterility was introduced. The

percentage reduction is based on the reduction from
the previous generation and is not derived from the
pretreatment count.
When one insect in a given generation of a

population is replaced by one insect in the next
generation, the RI (or ERI) is 1 x. Therefore, a line
can be drawn connecting all points for which the
ratio of percentage sterility in one generation to
percentage reduction in the following generation
is 1; for example, 1: 1, 50: 50, 90: 90. By using
this approach, we constructed lines representing
ERI values ranging from 0.25 x to 20x . Thus, an
ERI of 2 x would be characterized by 50% sterility
and no reduction or by 90% sterility with 80%.
reduction. All the lines pass through the intersection
of 100% sterility and 100% reduction.

APPLICATION OF METHOD AND DISCUSSION

To study the ERI of a housefly population, we
reviewed data collected in a test on Grand Turk
Island (Meifert et al., 1967), in which a chemo-
sterilant bait (metepa) was applied to all the privies
for a 40-week period starting in June 1962. Since
housefly breeding was known to be restricted to the
privies, the total population was exposed to the
bait. The investigations had determined relative
population densities and sterility at regular intervals,
and so we could average their data to correspond to
generation times.

Also, in the 12 months before the distribution of
the chemosterilant bait, pretreatment counts of
houseflies in buildings were made at regular intervals
to establish the normal seasonal variations in densi-
ties. Numbers of adult houseflies ranged from a
minimum of 11 flies per grid in January to a maxi-
mum of 33 per grid in June. From June to January,
the population declined steadily and gradually,
while from January to June, it increased steadily and
gradually. However, the maximum change over the
year was only 3 x. Also, from generation to genera-
tion, the RI never exceeded 1.2 x when the popula-
tion was increasing and never was lower than 0.8 x
when the population was decreasing. This popula-
tion, then, was very stable, since evidently the BP
was severely restricted to levels of RI close to 1 x by
environmental stresses such as lack of breeding
medium for immature stages, lack of food and
water, and other factors.
The study cited was not designed to determine the

factors limiting population growth. However, with
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EXPRESSED RATE OF INCREASE (ERI) FOR A 40-WEEK
PERIOD OF A POPULATION OF HOUSEFLIES ON GRAND
TURK ISLAND SUPPRESSED WITH A METEPA

CHEMOSTERILANT BAIT

Observed Observed Estimated
Generation sterility in P reduction in Fi ERI

(%)a (%) from graph

2

3

4

5

6

7

8

9

0

60

60

78

74

59

66

72

70

0

34

14

37

0

58

0

49

44

Treatments discontinued for I month

2

3

4

5

6

7

8

9

81

75

78

79

86

77

81

91

91

13

0

0

33

29

34

38

62

0

a Sterility corrected according to Abbott's formula.

the data on density for the year of pretreatment and
the data for the 40-week period of treatment, we can

compare RI values before treatment and ERI values
during treatment. The table summarizes the data
reported by Meifert et al. (1967). Since we averaged
the data for each 2-week period to approximate to
generations and calculated the reduction in density
from generation to generation, the table shows the
percentage sterility in one generation aligned with
the percentage reduction in the subsequent genera-
tion. (The ERI values, as read from the figure, are

also listed.) Meifert et al. (1967) pointed out that
treatments during the first 9 generations were made

with a dry chemosterilant bait and were less effec-
tive than the liquid chemosterilant bait applied during
the last 9 generations (59% to 78% against 75% to
91 % sterility). In the period of treatment, population
reductions varied from 0 to 62% from generation to
generation. The dry baits were used from June
through October, a time in the previous year when
the population was declining. The liquid baits were
applied from December through April, a period
during which, for the most part, the population was
gradually increasing.
The ERI values during the first 9 generations

ranged from 1 x to 4 x with an average of about 2 x.
During the last 9 generations, they ranged from 4 x
to 11 x with an average of 5 x. Thus, the ERI
values were lower when the population was expected
to decline and higher when it was expected to
increase.

Before treatment, therefore, we had a population
that was in a relatively stable state with the environ-
mental stresses regulating the BP to RI values close
to 1 x. Small positive variations in RI values from
June to January caused a gradual increase; small
negative RI values caused a population decrease.
When additional control of the population was
exerted by the sterility caused by the chemosterilant
bait, sterility levels ranging from 59% to 91 % caused
reductions in the population from generation to
generation and produced potential rates of increase
(which we have termed ERI or SP) that varied but
were relatively low. The housefly population on this
island never exceeded an ERI of 11 x, and it was
mostly in the range of 4 x to 5 x during the time it
was expected to show the normal slow, but gradual,
increase. The increase in ERI values that occurred
with the control was probably related to the avail-
ability of food due to the lack of over-population by
immature forms in the available breeding medium.
The limitation of an insect such as the housefly,

which has a high BP to ERI or SP values of the
order of 2 x to 10x, is probably related to the
survival of the various stages of the insect and to
whether or not the females can find a suitable
breeding medium in which to oviposit. The relatively
low SP of this specific population of houseflies in the
field, in spite of its high BP, should encourage
the evaluation of control techniques based on the
concept of managing a total population.
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R1iSUME

ETUDES SUR LA DYNAMIQUE DE POPULATION DE LA MOUCHE DOMESTIQUE, MUSCA DOMESTICA L.

Les auteurs decrivent une methode destin6e 'a evaluer
les taux potentiels de croissance de populations d'in-
sectes dans les conditions naturelles. Ils d6finissent a) le
potentiel vital: capacite de reproduction dans des condi-
tions optimales excluant toute influence n6faste du
milieu; b) les taux de croissance: modifications, de
generation en generation, de la densite d'une population
exposee aux agressions du milieu; c) les taux de croissance
exprimes: taux de croissance d'une population dont on
recherche la destruction par des moyens artificiels;
d) le potentiel de survie: taux maximal de croissance
auquel une population peut parvenir dans le contexte
d'un environnement determine.
On peut calculer et representer graphiquement les taux

de croissance exprimes d'une population exposee a la
fois aux influences du milieu et a des mesures de lutte
visant it la steriliser (males steriles, chimiosterilisants) en
comparant le pourcentage de sterilite dans une generation
donn&e au pourcentage de r6duction de la population

dans la g6neration suivante. La meme etude peut d'ailleurs
etre effectuee lorsque d'autres moyens de destruction,
comme les insecticides, sont mis en oeuvre.

La methode a 6te appliqu6e aux observations faites lors
d'un essai limite d'6radication de Musca domestica a
l'aide d'appats contenant un chimiosterilisant (metepa).
Pendant la lre ann6e, aucun traitement n'a 6te appliqu6
et la population de mouches, uniquement en butte aux
facteurs de milieu, est restee relativement stable: la
densite maximale, en juin, et la densite minimale, en
janvier, ne differaient que de 3 fois. Au cours de la
2e annee, 1'emploi des sterilisants pendant 40 semaines
a permis d'obtenir l'dradication de l'insecte. Les taux de
croissance exprimes ont vari6 de 1 a 4 fois de janvier a
octobre et de 4 a 11 fois de d6cembre a avril.

II apparait qu'en depit d'un potential vital eleve la
mouche domestique ne beneficie dans la nature que de
faibles taux potentiels de croissance.
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