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ABSTRACT Adult survival and reproduction were compared between two Stomoxys species that
co-occur in La Réunion, the cosmopolitan Stomoxys calcitrans (L.), and the tropical Stomoxys niger
nigerMacquart. In a Þrst experiment, mean longevity and fecundity were determined at Þve constant
temperatures from 15 to 35�C, after development at the same temperatures. Adult longevity was
greatest at 20�C in S. calcitrans and at 15�C in S. niger. Adult S. niger survived longer than adult S.
calcitrans, especially at 15�C. At 35�C, all ßies died within 3 d. Reproduction occurred only within the
20Ð30�C range, and S. niger laid more eggs than S. calcitrans. In both species, lifetime fecundity tended
to decrease when temperature increased, because of the shortening of the oviposition period. In a
second experiment, adults were maintained at 15�C after development at 25�C. The higher temper-
ature during development signiÞcantly increased adult longevity in S. calcitrans but not in S. niger.
Reproduction occurred at 15�C, with notable fecundity in S. calcitrans (22 eggs per female) but not
in S. niger (�1 egg per female). Using previous results on immature survival and developmental time
in the two species, several life history parameters were compared at each temperature. Generation
time decreased with increasing temperature and was highly similar in both species. Concurrently, the
intrinsic rate of increase (r) increased with temperature from 15 to 30�C. At 15�C, r was higher in S.
calcitrans, but within the 20Ð30�C range, r was higher in S. niger. The results suggest 1) S. niger has
evolved a strategy of survival without any reproduction during the tropical winter, in contrast with
S. calcitrans that breeds more continuously; and 2) S. nigermay outnumber S. calcitrans in warm areas,
at least when development occurs in media of poor quality.
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STOMOXYINES ARE BLOOD-SUCKING INSECTS (Diptera: Mus-
cidae) associated with cattle and wildlife throughout
the world (Zumpt 1973). Two species occur in La
Réunion island, the cosmopolitan Stomoxys calcitrans
(L.) and the tropical Stomoxys niger niger Macquart.
Both have become pests in dairy barns. Very large
numbers of Stomoxys are observed during the wet and
warm season (NovemberÐApril), with daily catches of
up to 5,000 ßies per Vavoua trap (unpublished data).
They are responsible for painful bites and blood
predation and are potential mechanical vectors of
pathogens, although the role of stable ßies in the
transmission of anaplasmosis and bovine leukosis is
questionable (Potgieter et al. 1981, Buxton et al. 1985,
Weber et al. 1988)

Preliminary observations along an altitude gradient
in La Réunion and the work of Kunz and Monty

(1976) in Mauritius suggested that temperature plays
an important role in determining the relative abun-
dance of the two Stomoxys species. The effects of
temperature on S. calcitrans have been studied exten-
sively in North America and South Africa (Berry and
Kunz 1977, 1978; Kunz et al. 1977; Sutherland 1979;
Lysyk 1998), but such data are not available for S.
niger. A systematic comparison was therefore under-
taken between the responses to temperature of the
two species in La Réunion. Gilles et al. (2005) studied
immature survival and developmental rate at Þve con-
stant temperatures. They showed that 1) immature
survival was higher in S. calcitrans than in S. niger at all
temperatures; 2) at 35�C, immature survival was very
low in both species; 3) at 15�C, the egg was the least
cold-resistant stage in S. niger; but 4) surprisingly, S.
niger developed slightly faster than S. calcitrans at low
temperatures, suggesting that the tropical species was
better adapted for larval development under cold con-
ditions. In the current study, adult longevity and re-
production were investigated in the same temperature
range. The rate of increase of the two species was
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calculated at each temperature, which will serve to
explain Þeld data on their distribution and abundance.

In a Þrst experiment, the rate of increase was mea-
sured after complete life cycles at each temperature,
in contrast with most studies, in which temperature
effects at the adult stage were investigated using ßies
that had developed under standard laboratory condi-
tions (Lysyk 1998). Temperature during develop-
ment, however, is likely to inßuence the life history
traits in adults (Berry and Kunz 1977, 1978), despite
the contradictory results of Sutherland (1979). This
point was reexamined in the second experiment, by
comparing the traits of adults maintained at low tem-
perature (15�C) after they had developed at either 15
or 25�C. Note that changes in temperature during an
insectÕs life may be ecologically relevant, because dif-
ferent life stages rarely encounter similar tempera-
tures under natural conditions. Thus, lower temper-
atures at the adult stage than during development can
simulate the environment of adult ßies not only at the
beginning of the cold season but also at the end of the
cold season if larvae develop in warmer microhabitats
than the ambient temperature.

Materials and Methods

Study Area. La Réunion, the largest volcanic island
of the Mascarene archipelago (2,507 km2), lies 800 km
east of Madagascar (21� 20� S, 55� 15� E). The island
rises to 3,069 m and is under the inßuence of a humid
tropical climate. Mean annual temperatures are 23Ð
26�C at sea level. Annual rainfall ranges from 700 to
1,200 mm on the west coast to 3,000Ð5,000 mm on the
east coast. La Réunion has �36,000 head of cattle,
found mainly in moderately elevated areas.
Biological Material. Insects were from recent stock

colonies of S. calcitrans and S. niger; the oldest were
third generation in the laboratory. Colonies were es-
tablished during the summer activity peak, from ßies
trapped at a dairy farm in the southeast of the island
(910-m elevation). The same rearing methods were
used for both species. Flies were maintained at 25�C
and 70% RH under a photoperiod of 12:12 (L:D) h.
Cages (30 by 30 by 30 cm) containing �1000 adults
were placed over an oviposition substrate composed
of ground leaves of elephant grass, Pennisetum purpu-
reum Schumacher. The same substrate was used as
larval development medium. The ßies were fed daily
with bovine blood collected twice a week from a
slaughterhouse and citrated at 6 g liter�1. For this,
sponges dampened with blood and warmed at 38�C in
a water bath were laid on the top of each cage for 45
min. The oviposition substrate was changed daily.

To obtain adults that developed at given tempera-
tures (15, 20, 25, 30, and 35�C), freshly laid eggs were
collected with a brush and put into dishes (10 cm in
diameter by 10 cm in height) containing elephant
grass. The dishes were covered with mosquito tulle to
prevent larvae from exiting and placed in climatic
chambers (MLR-350, Sanyo, Tokyo, Japan) at the Þve
constant temperatures, with a relative humidity of
�70% and a photoperiod of 12:12 (L:D) h. Larvae

were kept in the same medium after hatching. Pupae
were transferred to plastic boxes containing a slightly
moistened sponge and were kept under the same tem-
perature, humidity, and photoperiod conditions until
adult emergence.
Experiment 1. In the Þrst experiment, adult ßies

were kept at the same temperature as during devel-
opment (15, 20, 25, 30, and 35�C) so that the life history
parameters corresponded to entire life cycles at each
temperature. Newly emerged adults of S. calcitrans
(219 females, 233 males) and S. niger (194 females, 199
males) were placed in cages for several days. In both
species, at least four cages were used at each temper-
ature, except for one cage at 35�C because few adult
ßies emerged. Relative humidity, monitored using a
thermo-hygrograph, averaged 80%, and photoperiod
was left at 12:12 (L:D) h. The adults were fed daily
with citrated bovine blood provided for 45 min. The
females were induced to oviposit on a black cloth
placed below their cage and kept moist by a wet
sponge. Dead females, dead males, and eggs were
collected every morning, until the last ßy died. This
protocol gave, at each temperature, the number of
females and males alive at the beginning of each day,
and the number of eggs laid per surviving female per
day (Mx). The following parameters were determined:
1) mean adult longevity in each sex and its standard
error; 2) the duration of the preoviposition period
(overall estimate for all cages); and 3) mean lifetime
fecundity, i.e., the total number of eggs collected,
divided by the number of females at the beginning of
the experiment. All results are given as grand means,
after pooling results from individual cages.

To calculate net reproductive rate, generation time,
and the intrinsic rate of increase, the immature de-
velopmental time and immature survival that were
determined at each temperature by Gilles et al. (2005)
were used. The proportion of females surviving from
theegg stage toagex(lx)wascalculatedas theproduct
of immature survival and female survival from emer-
gence to age x. Age-speciÞc fecundities were divided
by two (mx � Mx/2), assuming 1:1 sex ratios (Ram-
samy 1979, Lysyk 1998). Net reproductive rate (R0)
was calculated as �x�0 lxmx, cohort generation time
(Tc) was calculated as �x�0 xlxmx/R0, and the in-
trinsic rate of increase (r) was calculated using the
Euler-Lotka equation 1��x�0 e

�rxlxmx (Hedrick
1984, David et al. 1995).
Experiment 2. In the second experiment, adult ßies

that had developed at the optimal temperature (25�C
in both species) were transferred to a lower temper-
ature (15�C) within 6 h of emergence. The aim was to
assess the life history parameters when only the adult
stage was subjected to cold. All life history parameters
were determined as in experiment 1, except that the
females were kept individually with two males in small
cages. Thirty individual females of each species were
used in this experiment.
Statistical Analyses. In experiment 1, individual

times of death were pooled across cages, by species,
sex, and temperature, and differences in mean lon-
gevity at the Þve temperatures were tested using one-
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way analyses of variance (ANOVAs). Multiple com-
parisons among pairs of means were made using the
TukeyÐKramer method. All comparisons of means be-
tween the two species and between experiments 1 and
2 were made using StudentÕs t-tests. As there were no
individual data for fecundity in experiment 1, vari-
ances among cages were calculated as indicated in
Sokal and Rohlf (1995), chapter 8, and used as esti-
mates of the variance of fecundity at each tempera-
ture.

Before ANOVAs and t-tests, the equality of sample
variances was tested using the Fmax test (Sokal and
Rohlf 1995), and when they were found to be unequal,
the data were log10-transformed to make the variances
uniform.

Results

Adult Longevity. Mean adult longevity when all
stages were maintained at the same temperature (ex-
periment 1) is given in Table 1. In male and female S.
calcitrans, mean longevity was signiÞcantly greater at
20�C than at 15�C and then decreased when temper-
ature increased from 20 to 35�C. In male and female S.
niger, mean longevity was greatest at 15�C and de-
creased gradually at higher temperatures. The maxi-
mum life span showed similar changes with temper-
ature: for both sexes, the maximum life span was
longer at 20�C in S. calcitrans, but at 15�C in S. niger
(see Fig. 1 for females). At 35�C, no ßy survived longer
than 3 d, and the life cycle could not be completed in
either species; accordingly, the data obtained at 35�C
were subsequently ignored.

At a given temperature, mean adult longevity was
generally greater in S. niger than in S. calcitrans (Table
1). The tropical speciesÕ advantage was signiÞcant
(P � 0.001) at 15, 25, and 30�C for both sexes. The
survival curves for adult S. calcitrans (see Fig. 1 for
females) showed higher mortality rates at younger
ages. In S. niger, deaths occurred more uniformly dur-
ing the adult life, especially at 25 and 30�C.

When adults were reared at 15�C after development
at 25�C (experiment 2), adult longevity increased sig-
niÞcantly in S. calcitrans: female longevity was 36.7 d
(versus 11.5 d in experiment 1; t � 5.16, df � 55, P �
0.001) and male longevity was 30.8 d (versus 10.3 d in
experiment1; t�7.23, df�104,P�0.001). Incontrast,
adult longevity did not increase for S. niger in exper-
iment 2: female longevity remained unchanged (38.1

d versus 40.8 d in experiment 1; nonsigniÞcant differ-
ence) and male longevity even decreased (22.9 d ver-
sus 40.6 d in experiment 1; t � 3.43, df � 105, P �
0.001).
Reproduction. In experiment 1, no reproduction

occurred at 15 and 35�C, in both S. calcitrans and S.
niger. Within the 20Ð30�C range, the preoviposition
period was longer at 20�C in both species (16 d in S.
calcitrans and 10 d in S. niger). The shortest times
before oviposition were at 25�C in S. calcitrans (8 d)
and at 30�C in S. niger (7 d). The duration of ovipo-
sition decreased markedly when temperature in-
creased from 20 to 30�C (Fig. 1). S. calcitrans females
laid eggs for 44 d at 20�C, 32 d at 25�C, and 14 d at 30�C.
The corresponding Þgures for S. niger females were
63 d at 20�C, 21 d at 25�C, and 19 d at 30�C.

In both species, the mean lifetime fecundity tended
to decrease when temperature increased from 20 to
30�C, although within-species differences were not
signiÞcant because of large variations among cages.
The mean number of eggs laid per female varied from
63 at 20�C to 19 at 30�C in S. calcitrans and from 138 at
20�C to 53 at 30�C in S. niger.This pattern reßected the
decrease in thedurationofovipositionbetween20and
30�C, which was not compensated by the concurrent
increase inMx values in both species (Fig. 1). S. niger
laid more eggs than S. calcitrans and the difference was
signiÞcant at 30�C (t � 3.84, df � 90, P � 0.001).

In experiment 2, reproduction occurred at 15�C,
albeit at a very low level in S. niger (Fig. 2). In both
species, oviposition began much later than at higher
temperatures in experiment 1, with preoviposition pe-
riods reaching 28 d in S. calcitrans and 36 d in S. niger.
Oviposition was short in spite of the prolonged sur-
vival of adult females. The mean lifetime fecundity
was 22 eggs per female in S. calcitrans and was ex-
tremely low (0.3 eggs per female) in S. niger. The
between-species difference in fecundity was signiÞ-
cant (t � 3.43, df � 58, P � 0.01).
LifeHistory Parameters.The variations of the main

life history parameters in relation to temperature are
shown in Fig. 3 (experiments 1 and 2 combined). In
both species, the net reproductive rate (R0) strongly
increased with temperature from 15 to 20�C and then
declined from 20 to 30�C. It was zero at 35�C. S. niger
showed higher R0 values than S. calcitrans within the
20Ð30�C range, but the reverse was found at 15�C.

Generation time decreased with increasing temper-
atures, ranging from �105 d at 15�C to �26 d at 30�C.

Table 1. Mean longevity (in days) of adult S. calcitrans and S. niger reared at five constant temperatures (experiment 1)

Temp(�C)

S. calcitrans S. niger

Female Male Female Male

n Mean 	 SE n Mean 	 SE n Mean 	 SE n Mean 	 SE

15 27 11.48 	 1.43a 46 10.26 	 0.83a 61 40.79 	 4.40a 47 40.62 	 4.90a
20 67 23.73 	 2.04b 55 25.69 	 2.21b 47 32.96 	 3.29a 55 27.45 	 2.96a
25 62 10.19 	 1.26a 61 6.93 	 0.87c 43 14.28 	 1.26b 42 13.80 	 1.70b
30 51 5.80 	 0.84c 59 4.27 	 0.56d 41 10.88 	 0.99b 51 7.20 	 0.70b
35 12 1.75 	 0.22d 12 1.58 	 0.19e 2 1.00 	 0.00c 4 1.00 	 0.00c

Means followed by different letters within a column are signiÞcantly different at the 5% level.
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The values were similar in both species at all temper-
atures.

The intrinsic rate of increase (r) varied inversely
with the generation time, increasing with temperature
from 15 to 30�C in both species. However, there were
some differences between species, reßecting the dif-
ferences inR0: within the 20Ð30�C range, rwas higher
in S. niger, but at 15�C it was higher in S. calcitrans. At
the colder temperature, the rate of increase of S. niger
was �0 (r � Ð0.026).

Discussion

Puzzling results have been obtained for S. calcitrans
in this study, because of high mortality rates early in
the adult life. This mortality resulted in much lower
fecundity and R0 values than in other studies (Lysyk
1998). In most cages, more than half of the females
died before the oviposition period. Berry and Kunz
(1977) recorded similar levels of mortality in some
experiments, which they ascribed to temperature
stress. That explanation does not hold in the current

study. In fact, the rearing conditions of adult S. calci-
trans (temperature, relative humidity, photoperiod,
and sex ratio in the samples) had already been used in
other studies without inducing early mortality. The
food given to the ßies (blood only once a day, no
sugar) might have affected survival, but only margin-
ally (Jones et al. 1992). Alternative explanations may
be 1) a high incidence of pathogens and microscopic
parasites; 2) strong selection for survival under arti-
Þcial conditions, which might vanish after a few gen-
erations (Ramsamy 1979); and 3) larval food of poor
qualityÑelephant grass without any supplementÑ
affecting the adult stage (DuToit 1975). In many in-
sect species, adults draw nutrients from larval reserves
and current feeding (Boggs 1997), and this is partic-
ularly true for species whose diet changes with the life
stage.

Irrespective of the early adult mortality, S. calcitrans
females that survived until the oviposition period
showed moderate fecundity. They laid more eggs than
in SutherlandÕs (1979) study in South Africa, but less
than in many other studies (Parr 1962, Labrecque et

Fig. 1. Proportion of adult females surviving from emergence (Px) and number of eggs laid per surviving female per day
(Mx) at four constant temperatures (experiment 1) (A, S. niger; B, S. calcitrans).
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al. 1975, Berry and Kunz 1978, Lysyk 1998). The very
low fecundity reported by Sutherland (1979) may be
due to the very short daylength that he used. In the
current study, the relatively low fecundity may have
the same cause as adult female mortality, i.e., occur-
rence of pathogens, nonadaptation to artiÞcial condi-
tions, and/or poor-quality food. In the literature, the
highest levels of fecundity were recorded when ßies
were fed blood ad libitum, after the larvae were reared
in very rich media, including wheat ßour, meat, and
bone meal, or yeast (Berry and Kunz 1978, Lysyk
1998).

The Þrst results on the longevity and reproduction
of adult S. niger have been more satisfactory: adult
mortality rates during the preoviposition period were
lower than inS. calcitrans, and mean lifetime fecundity
was markedly higher than in S. calcitrans at favorable
temperatures. The rearing conditions, although they
resulted in lower immature survival in S. niger than in
S. calcitrans (Gilles et al. 2005), have proved to be
more favorable to S. niger during the whole life cycle.

The effects of temperature on the population
growth potential of S. calcitrans in La Réunion can be
investigatedonly if thehighmortality ratesdonotalter
the normal pattern of variation. Comparisons with
previous studies suggest this condition is met. A num-
ber of parameters determined in La Réunion, namely,
developmental time, immature survival, length of the
preoviposition period, and generation time, were in
reasonably good agreement with values reported else-
where at similar temperatures (Parr 1962, Kunz et al.
1977, Berry and Kunz 1978, Sutherland 1979, Lysyk
1998). Only R0 in the 20Ð30�C range was highly af-
fected by adult mortality. As a result, the rates of
increase were lower than those in Lysyk (1998) but

showed a similar trend of variation with temperature.
Typically, S. calcitrans has a low rate of increase at
15�C, which increases with temperature up to 30�C,
and falls dramatically at 35�C. Whether populations
can survive at the extremes (15 and 35�C) is open to
debate. Limited egg laying has been reported for these
temperatures (Berry and Kunz 1978, Sutherland 1979,
Lysyk 1998), but after the ßies had developed at more
optimal temperatures, as in experiment 2. In the cur-
rent study, no reproduction occurred when temper-
ature remained at 15 and 35�C throughout the life
cycle.

The effects of temperature on the rate of increase
of S. niger are very similar to those observed in S.

Fig. 2. Proportion of adult females surviving from emer-
gence (Px) and number of eggs laid per surviving female per
day (Mx) at 15�C (experiment 2) (A, S. niger; B, S. calcitrans).
For Mx, the vertical scale is not the same as in Fig. 1.

Fig. 3. Relations between temperature and net repro-
ductive rate, generation time, and intrinsic rate of increase in
S. niger (f) and S. calcitrans (�). Data shown at 20, 25, and
30�C are from experiment 1, and data shown at 15�C are from
experiment 2.
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calcitrans. S. nigerhas a very low r value at 15�C, which
increases with temperature up to 30�C, and falls dra-
matically at 35�C. A few females laid eggs at 15�C after
development at 25�C, but fecundity was extremely
low. No reproduction occurred when temperature
remained at 15 and 35�C throughout the life cycle, as
in S. calcitrans.

Temperature is probably not the only important
factor in the population dynamics of Stomoxyines.
Other abiotic and biotic factors act individually or
interact with temperature (DuToit 1975, Berry and
Kunz 1977, Jones et al. 1992). Ideally, comparisons
between the two Stomoxys species should be made
under several rearing conditions corresponding to
their respective requirements. In this study, compar-
isons were made under conditions unfavorable to S.
calcitrans,which may have unduly lowered r values in
this species. The results, however, clearly show that S.
calcitrans has an advantage over S. niger at low tem-
peratures. At 15�C, S. calcitrans has shown some ca-
pacity to complete its life cycle and to increase in
numberÑat least after developing at optimal temper-
ature. This notion is consistent with what is known of
its overwintering strategy in the temperate zone,
which involves continuous breeding in sufÞciently
warm shelters (Sømme 1961, Greene et al. 1989,
Thomas et al. 1990). In contrast, S. nigerwas incapable
of reaching r � 0 at 15�C. This species seems to have
evolved a strategy of survival without any reproduc-
tion during the tropical winter. Its eggs are susceptible
to cold; at 15�C, they show a signiÞcantly higher mor-
tality than those of S. calcitrans (Gilles et al. 2005).
However, larvae and pupae develop easily at low tem-
peratures, and adults can survive for several months at
15�CÑsigniÞcantly longer than adults of S. calcitrans.

At higher temperatures, greater r values were ob-
served in S. niger than in S. calcitrans. This result,
though consistent with the high incidence of the trop-
ical species in Mauritius (Kunz and Monty 1976) and
the warm coastal area of La Réunion, may depend on
rearing conditions. The use of larval media of poor
quality (elephant grass) may be of particular impor-
tance. In natural situations, that condition prevails at
some distance from dairy farms, where S. niger repro-
duces (Kunz and Monty 1976). However, media
richer in cattle manure are probably more favorable to
S. calcitrans (Parr 1962, Kunz and Monty 1976,
Hogsette et al. 1987, Lysyk 1993), and it might be
useful to make further comparisons between the two
species using these media.
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