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Longevity and Fecundity of Musca domestica
(Diptera: Muscidae) as a Function of Temperature
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ABSTRACT Longevity and fecundity of adult house flies were determined at constant
temperatures of 20, 25, 30, and 35°C. At the four temperatures, respectively, the median
mortality rates (l/days to 50% mortality) for females were 0.023, 0.041, 0.060, and 0.099
and for males were 0.029,0.047,0.066, and 0.085. The numbers of days for 50% of the eggs
to be deposited for each temperature were 34.5, 21.3, 10.2 and 7.1, respectively. The total
numbers of eggs deposited per female for each temperature were 184, 729, 709, and 506,
respectively. Models were developed for longevity and fecundity and their distributions as
functions of temperature.
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THE HOUSEFLY, Musca domestica L., is a major
pest in animal production facilities, especially poul-
try houses (West 1951, Axtell 1985, Williams et al.
1985). Development of computer simulation models
of house fly population dynamics is desirable to
evaluate potential fly management strategies and
tactics. The relationships of longevity and fecun-
dity to temperature are critical to model devel-
opment, but quantitative data on these relation-
ships are surprisingly inadequate (West & Peters
1973, Lysyk & Axtell 1987, Weidhaas et al. 1977).
The objective of our study was to describe the
temperature-dependence of longevity and fecun-
dity for use in a model of house fly population
dynamics.
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Materials and Methods

House flies were collected from a poultry house
in North Carolina and had been in culture for about
1 yr before initiating this study. Fly larvae were
reared in a mixture of CSMA medium (Ralston-
Purina, St. Louis, Mo.), water, and yeast. Adults
emerging over a 24-h period were collected in three
groups at 8-h intervals. Fifty males and 50 females
from each group were held in 4-liter mesh-top
plastic containers at each of four constant temper-
atures (20, 25, 30, 35°C) in incubators (:tPC) with
a 16:8 (L:D) photoperiod and about 30% RH (main-
tained with a pan of water in each incubator). Thus,
three replicates were established at each temper-
ature over a 24-h period. Each container had a
knitted cotton sleeve for access to retrieve dead
flies and exchange food dishes. The food was di-
luted evaporated milk and granular sucrose in sep-
arate Petri dishes. Two cotton pads in the milk dish
served as an oviposition substrate.

At 25, 30, and 35°C, mortality and fecundity

data were collected every 12 h for the first 11 d
and every 24 h thereafter until all the flies in each
container were dead. At 20°C, adults were moni-
tored every 24 h for the entire experiment. Mor-
tality was monitored by removing and determining
the sex of dead flies. Feqmdity data were collected
by removing the milk dish, washing all the eggs
frornthe cotton pad onto a fine-mesh screen, and
examining the pad under a dissecting microscope
to assure that all eggs were removed. If <500 eggs
were present, all eggs were counted directly. If
>500 eggs were present, the number was estimated
volumetrically using a calibrated I-ml pipette. The
pipette was modified by opening the top of the
squeeze bulb and heat-sealing the pipette end,cre-
ating a blind calibrated tube in which the height
of the settled eggs could be measured. This pro-
cedure was calibrated eight times with different
numbers of eggs ranging from 680 to 3,550, with
the result that 1 cm (0.12 m!) = 1,062 :t 56.4 (x
:t SD) eggs, with a maximum error of 8.5%.

Data Analysis

Mean longevity for each sex was calculated at
each temperature by multiplying the number of
flies that died each day by the number of days they
had lived, summing these values, and dividing by
the initial number of flies. The age at which mean
oviposition occurred was calculated by multiplying
the number of eggs laid each day by the day of
oviposition, summing these values, and dividing by
the total number of eggs laid. The mean number
of eggs laid per female was calculated at each
temperature by dividing the total number of eggs
laid over the entire experiment by the initial num-
ber of females.

The cumulative distributions of female longevity
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and egg production at each temperature were cal-
culated using the combined data from the three
replicates. The cumulative proportion of eggs laid
per living female (c,) up to day i was calculated
as:

~E,
~c, = m

~E,
'~I

where m is maximum number of days of ovipo-
sition and E, is number of eggs per living female
laid on day t.

For modeling purposes, median values rather
than means were used. The median longevities
(days) for males (MTso) and females (FTso), and the
time (days) until the median number of eggs were
deposited (ETso), were determined. The corre-
sponding rates for each of these were calculated as
the inverse of the median days. These rates were
related exponentially to temperature by:

Tso rate = exp[b,(Temp - b2)-I] (2)

where b, and b2 were parameters estimated by the
NUN procedure (SAS Institute 1982).

Because both longevity and oviposition at a con-
stant temperature are variable, both were modeled
using the approach of Stinner et al. (1975). The
distributions of longevity and oviposition were ex-
pressed as functions of the median physiological
age. The scale of physiological age was set arbi-
trarily with 50% mortality or oviposition occurring
at a physiological age of 1.0. It was assumed that
the first individuals died or oviposited at some pro-
portion (A) of median physiological age and 100%
at another proportion (B) of median physiological
age. Equation 3 describes the cumulative propor-
tion of the population dying (and the cumulative
proportion of total eggs laid), y, at median phys-
iological age p.

y = (l - Z)kZ2, (3)

where Z = (B - p)j(B - A). The parameter k was
estimated using the NUN procedure (SAS Institute
1982). The goodness of fit was determined by linear
regression of observed with predicted using REG
procedure (SAS Institute 1982).

At each temperature, the mean fecundity (mean
total eggs laid per female) was determined by sum-
ming the number of eggs laid per living female
per day for all days. These data were fit to the
poikilotherm model of Sharpe & DeMichele (1977),
with high temperature inhibition, which has the
form:

r(K)=

K

[

HA

(
1 1

)]RH025298.l5*expl.987 298.l5 - K

1 + exp
[
~

(
~ - ~

)]1.987 TH K

Table l. Mean (:!:SD) longevity, oviposition age, and
number of eggs laid per female house fly per lifetime of
three cohorts at four constant temperatures

(1)

a Total number of eggs divided by the initial female cobort size.

where r(K) is the mean total number of eggs laid
per female during her lifetime (fecundity) at tem-
perature K (OKelvin = °C + 273.15). RH025, HA,
TH, and HH are constants (3,701, 98,616, 296, and
110,181, respectively) which we estimated by the
nonlinear regression routine outlined by Wagner
et al. (1984). The goodness of fit was determined
by linear regression of the observed with the pre-
dicted values using the REG procedure (SAS In-
stitute 1982).

(4)

Results and Discussion

Mean longevity, age at mean oviposition, and
the mean number of eggs laid per female are
presented in Table 1. The mean longevities of males
and females decreased with increasing tempera-
ture, with male longevities less than those of fe-
males. Female mean longevity ranged from 44.6
d at 20°C to 11.1 d at 35°C, and mean eggs per
female ranged from 117.8 at 20°C to 494.9 at 30°C,
with reduced oviposition at 35°C. Age at mean
oviposition decreased with increasing temperature.
The only comparable data found in the literature
was for 27°C (Lee et al. 1985). They reported a
mean longevity for males of 17.6 :t 2.6 d and 34.2
:t 4.3 d for females, with a mean number of eggs
laid per female of 532.0 :t 50.3. Rockstein (1957)
reported mean longevities at 27°C (two experi-
ments) of 17.5 and 14.4 d for males and 32.7 and
30.8 d for females. The shorter mean female lon-
gevity which we found may have been caused by
strain differences or diet or both.

The median rates for longevities of males and
females (MTsoand FTso), as well as the median rate
for 50% egg deposition per female (ETso), increased
exponentially with increasing temperature (Table
2). The goodness of fit test of the three models had
high R2 values (0.99, 0.96, and 0.99, respectively),
and the slopes and intercepts were not significantly
different from 1 and 0, respectively. The parameter
estimates for Equations 2 and 3 are presented in
Table 3.

To separate the effects of longevity and repro-
duction, mean fecundity (Le., the total number of
eggs laid per living female) was calculated as the
cumulative sum of eggs laid per day divided by
the sum of living females per day (Table 2). These
fecundity values are, therefore, the total eggs per

Temp, Longevity, d Age at mean Mean no.
"C

5 oviposition, d eggs/I'"

20 33.8:!: 1.2 44.6:!: 4.2 32.1:!: 1.5 117.8:!: 36.5
25 21.9 :!: 1.0 27.6:!: 3.1 18.1:!: 2.0 433.1:!: 42.6
30 16.2:!: 1.5 17.5:!: 0.4 9.9 :!: 2.0 494.9:!: 73.2
35 12.4:!: 1.3 11.1:!: 1.3 6.7 :!: 0.7 365.5:!: 28.4
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a Mean fecundity is corrected for longevity (see text) and is the
estimated maximum number of eggs a female could oviposit in
its lifetime at that temperature.

female corrected for variable longevity. The max-
imum mean fecundity occurred at 25°C, with pre-
dicted values close to the observed (R2 = 0.99; slope
and intercept not significantly different from 1 and
0, respectively).

The cumulative proportion of eggs laid per fe-
male per day for each temperature is illustrated in
Fig.!. When the chronological age is expressed as
median physiological age (using Equation 2), the
cumulative proportions of eggs laid per living fe-
male for each temperature (Fig. 2) can be de-
scribed by a single equation (Equation 3). Likewise,
the cumulative distributions of longevities had sim-
ilar relationships to chronological and physiological
age (Fig. 1 and 2). The goodness-of-fit test for the
models of the cumulative distribution of male and
female longevity and egg production had high R2
values (0.96, 0.99, and 0.96, respectively). The slopes
and intercepts were not significantly different from
1 and 0, respectively.

These data were collected under laboratory con-
ditions and represent maximum survival and fe-
cundity of a wild strain of house flies that had been
colonized for 1 yr. Colonization may have induced
changes in survival and fecundity, as reported by

Table 3. Parameter estimates for rate eqnations

.
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Fig. l. Cumulative proportions of male and female
house flies dying and cumulative proportion of eggs laid
per female at four constant temperatures. X axis is chron-
ological age (d).

Elvin & Krafsur (1984). The conditions under which
the experiment was conducted may have caused
positive or negative effects, but these are unknown.
These effects were probably small in comparison
with the large effects on survival and fecundity of
conditions in the field; e.g., seasonal effects, larval
and adult density, adult behavior, adult and larval
nutrition (Ragland & Sohal 1973, Black & Krafsur
1987). Nevertheless, our data are valid estimates.
As justified, our estimates may be altered on the
basis of field data to reflect lower survival and
fecundity in the wild.

Using the parameters we determined, these
models of longevity and fecundity may be used to

Table 2. Observed and predicted median rates (days-I)
for longevity of males (MTso), females (FTso), and egg
deposition (ETso), and the mean fecnndity for adnlt honse
flies held at fonr constant temperatnres

Temp, °c
Parameters

20 25 30 35

MTso
Observed 0.030 0.047 0.066 0.085
Predicted 0.033 0.045 0.063 0.087

FTso
Observed 0.023 0.041 0.060 0.099
Predicted 0.024 0.039 0.062 0.099

ET50
Observed 0.029 0.047 0.098 0.137
Predicted 0.032 0.053 0.086 0.141

Fecundity"
Observed 184 729 707 506
Predicted 170 743 691 521

Parameters C;Longevity Longevity Egg deposition

Equation 2

bl 0.0645 0.0936 0.0982
b2 57.4088 49.0596 44.7618

Equation 3
A 0.0831 0.1183 0.2840
B 2.1449 2.4960 2.4527
K 2.8904 1.8382 1.4967
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Fig. 2. Cumulative proportions of male and female
house flies dying and cumulative proportion of eggs laid
per female at four constant temperatures compared with
simulated distributions based on median physiological
age (1.0 physiological age equals 0.5 cumulative re-
sponse).

calculate rates at any temperature and used in a
population simulation model with variable tem-
perature input reflecting field conditions. These
models may be combined with other models, in-
cluding those for the development of the immature
stages of the house fly (Lysyk & Axtell 1987) and
for predator interactions (Ceden & Axtell 1988;
Ceden et al. 1988, in press), to construct computer
simulation models of house fly population dynam-
ics. Obviously, other factors affecting house fly pop-
ulations must be included in a complete simulation
model.
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