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Abstract. Total developmental time of Sarcophaga dux Thomson from first -instar larvae to adult emergence
was 51.8, 33.0, 25.0, 16.4, 13.6 and 15.1 days when reared at temperatures of 16, 20, 24, 28, 32 and 36 °C,
respectively. There were no significant differences in developmental time between the two sexes (p>0.05).
Estimates of the lower developmental threshold temperatures (t,) were 5.9, 12.9 and 11.0 °C and the thermal
constants (K) were 163.2, 143.0 and 289.1 degree-days (DD) for larvae, pupae and total developmental time,
respectively. The highest proportion of total mortality for larvae and pupae was recorded at 16 and 36 °C. The
flies reached their maximum weights in pupal and adult stages at 20 and 24 °C, whereas minimal weights were
recorded at 16 and 36 °C. At all temperatures, the mean adult weight, was smaller in females than in males.
The optimal temperature in terms of rapid development, low mortality, and greatest weight ranged between 20
and 28 °C.

Introduction

The fleshfly, Sarcophaga (Liosarcophaga) dux Thomson (= exuberans Pandelle) has a
wide distribution from Japan and the Philippines through China and India to tropical
Africa and South Europe [1 - 3].

It is of considerable importance in public hygiene, forensic entomology as well as in
reducing different kinds of kitchen and meat industry wastes, of unburried of sea and
terretrial invertebrates and vertebrates [4]. The adults of this fly are frequently found
around animal carcasses, wounds, man and animal excrements and decaying organic matter
of fruits and vegetables [5].

Aspects of biology and behavior of S. dux were briefly described [6-8].
Previously Al-Misned et al. reported the collection of this fly from Saudi Arabia for the
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first time and described the widespread distribution [3]. However detailed developmental
studies under controlled various temperatures are lacking for this fly.

Temperature is the most important environmental factor affecting poikilotherms
[9]. The temperature dependent developmental rate curve of an insect is a fundamental
feature of its life history. The curve may be modified by humidity, nutrition, etc. but
temperature remains as the dominant driving force [10]. The response to temperature can
affect the geographical distribution and seasonal abundance of these species [11].

This study was undertaken to determine the rate of development, mortality and
size of pupae and adults of S. dux at various constant temperatures, and to estimate the
lower developmental threshold and cumulative number of degree-days (DD) necessary
to complete each life stage.

Materials and Methods

Larval and pupal stages of S. dux were reared at 16, 20, 24, 28, 32 and 36 °C at
a photoperiod of 15:9 (L:D) h. and 65-70 % rh. All temperatures were accurate to + 1
°C. Larvae were obtained from an adult fly colony from Riyadh City, which has been in
the laboratory for approximately 18 months. S. dux were reared in the laboratory
according to techniques described for Parasarcophaga (Liopygia) ruficornis [12].

Within (0-6) h of larviposition groups of fifty first-instar larvae were introduced
into rearing jars (11 cm. diameter) containing 70 gm of ground beef. After 4 days media
were covered with 3-4 cm. deep sawdust moistened with distilled water. The jars were
covered with cotton cloth held by rubber bands to permit ventilation. All jars were
exposed to the assigned temperature for 24 hrs prior to use. Two replicate jars were used
at each temperature.

Larvae were checked during wandering phase through the sawdust at 12-h
intervals until pupation to determine the larval developmental time. Fresh pupae were
daily collected for each temperature, isolated, counted,weighed together using Ac-100
balance (Mettler Instrument, Zurich, Switzerland; accuracy, 0.1 mg) and kept in clean
jars which were provided with moistened sawdust. Total numbers of pupae for each
temperature were counted and larval mortality rates were calculated. Jars were covered
with a cloth held by rubber band until adult’s emergence to determine the pupal
developmental time. Upon adult emergence, flies were etherized lightly, sexed to males
and females, counted and weighed. Total numbers of adults that eclosed from pupae for
each temperature were counted and pupal mortality rates were calculated. All emerged
adult flies (males or females) from each jar on one day were weighed together.

Statistical methods
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Lower thresholds (t.) for development were estimated from the linear
regression of the developmental rate (y=1/developmental time) on constant temperatures
(x) [13,14]. The thermal constant (K) was calculated from the equation K= y(d - t),
where y is the developmental time (days), d is the prevailing temperature (°C), and t is
the theoretical developmental threshold temperature (°C) [15]. The thermal constant for
each temperature was calculated to obtain the overall K (Mean + SD) for each life stage.
Values of K represent the number of degree-days (DD) above the threshold needed for
development. A x? (Chisquare) nonparametric goodness-of-fit test was used to test trends
in larval and pupal mortality. The x? values at each temperature were calculated from
the equation X? = 2 (O-E)? / E were O is the percent larval or pupal mortality, E is the
combined expected value of mean percent mortality of larvae and pupae [16]. All X
values for a desired range of temperatures were summed for an overall x? test criterion
(with df=n -1). Pupal and adult weights were compared among temperature by analysis
of variance (ANOVA). Student's t test was used to compare weights of males and
females.

Results and Discussion

Developmental time

Mean developmental time of S. dux at six constant temperatures are presented
in Tablel. Sexes were combined since an initial analysis indicated no significant
differences (p>0.05) between males and females. Developmental time generally
decreased with increasing temperatures, up to 32° C , whereas it began to increase at 36 °
C . This finding is somewhat similar to developmental time of Wohlfahrtia nuba
Wiedemann [17] and Parasarcophaga ruficornis (F.) [18] but it is longer than in some
other Sarcophagid flies such as Sarcophaga crassipalpis Macquart [19]. and Bercaea
cruentata (Meigen) [20]. Regardless of the rearing temperatures used in the present
study, the overall mean developmental time (Mean + SD) for larvae, pupae and total
development were: males: 9.6 + 3.52, 16.2 + 11.19 and 25.9 + 14.71 days, respectively;
females 9.7 +3.43, 16.1 + 11.29 and 25.9 + 14.70 days, respectively. The developmental
rate within the range of 16-32 ° C was linear (Fig. 1), whereas it was slow at 16 ° C and
only 27% of larvae developed to the adult stage. In contrast, the development rate was
linear within the range of 15-30 °C for S. crassipalpis [19], 21-33 ° C for W. nuba [17],
16-34 °C for P. ruficornis [18] and 17-29 ° C for B. cruentata [20].

Table 1. Developmental time (days) of S. dux life stages at different temperatures

Temperature Stages, Mean + SD (range)

°C n* Larva Pupa Total**

16 27 155+2.10 (12 -19) 36.3+2.72 (34 - 41) 51.8 +4.09 (47 - 60)
20 79 11.7 +0.78 (10 - 13) 21.3+0.69 (20 - 23) 33.0+0.96 (31 - 36)
24 85 9.7+0.76 (8-11) 15.3+0.67 (14 - 17) 25.0 +0.93 (23 - 28)
28 72 7.0+0.80 (6 -9) 9.4 +0.50 (9 - 10) 16.4 +0.87 (15 - 19)
32 57 6.3+0.87 (5-8) 7.3+0.63 (5-08) 13.6 +1.08 (11 - 16)
36 36 7.7+0.74(6-9) 7.4 +0.80 (5 - 08) 15.1+1.23 (12-16)

* Number of larvae reching the adult stage
“Number of days from first instar larvae to emergence of adult.
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The percentage duration for larvae and pupae required 29.9 and 70.1, 35.5 and
64.5, 38.8 and 61.2, 42.7 and 57.3, 46.3 and 53.7 and 51.0 and 49.0 % of total
developmental time at 16, 20, 24, 28,32 and 36 ° C, respectively. The percentage
duration of total developmental for larvae increased (r=0.99, p<0.001) and that for
pupae decreased (r = -0.99, p<0.001) with increasing temperatures . The decreasing %
age for pupal stage, indicate that the physiological processes occurring at this time were
especially sensitive to temperature.

Regardless of the rearing temperatures used in the present study, the percentage
duration (Mean + SD) for larvae and pupae required 40.7 + 7.60 and 49.3 + 7.60 % of
total developmental time, respectively. These proportions agree closely with those of S.
crassipalpis [19], W. nuba [17] P. ruficornis [18] and B. cruentata [20].

The linear regression equations describing the relationship between
developmental rate (YY) and temperature (X) (16-32 ° C, n=5) for larvae, pupae and total
developmental time are presented in Fig. 1. The linear regression models were
constructed using pooled developmental time for males and females.

22 -
0 Larva W——xk Y = - 0.0336 + 0.00615X
0.20 + PUpa Amem——A Y = - 0.0903 + 0.00696X
g 018 Total W ----4 Y =-0.0381 + 0.00345X
a
= 0.16 o
2
2 0144
T
o
g 0124
Q.
o
% 0.10
a
0.08 —
0.06 -
0.04 -
0.02 4
0.00 ,
4 36

Temperature (°C)

Fig. 1. Developmental rate for immature of S. dux under different temperature.
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The lower developmental threshold temperatures (t,) were calculated to be 5.9,
12.9 and 11.0 ° C for larvae, pupae and total developmental time, respectively. The
degree-days (K) required to complete the stage were 163.2 + 8.28, 143.0 + 20.80 and
289.1 + 24.40 DD for larvae, pupae and total developmental time, respectively.
Coefficients of determination (R?) were 98.0, 97.5 and 98.3 % for larvae, pupae and total
development, respectively, indicating a good linear fit in all cases (Fig. 1). Degree-days
required by S. dux to complete total development were more than the required by other
species such as; S. crassipalpis required 284 DD above 10-11.3 ° C [19], W. nuba
required 268 DD above 13.6 °C [17] and B. cruentata required 229.3 DD above 12.9°C
[20], but less than that of P. ruficornis which required 388 DD above 7.7 °C [18].

Mortality

Mortalities of the immature stages due to temperatures are summarized in Table
2. The highest proportion of total mortality was 73 and 64 % recorded at 16 and 36°C,
respectively. The lowest proportion of total mortality was calculated to be 21 and 15 %
at 20 and 24 ° C, respectively. However, Amoudi et al. found that the lower proportions
of total mortality of P. ruficornis were 13 and 10 % at 25 and 28 ° C, respectively [18].
Amoudi found that the pupal mortality for W. nuba was low at all temperatures used
[17]. Al-Misned and Abou-Fannah, found that the lower proportions of total mortality
of B. cruentata were 15 and 13 % at 21 and 25 ° C, respectively [20]. There was
significant differences (p<0.05) between percent larval and pupal mortality, X* = 7.73
for higher larval than pupal mortality from 20 to 28 ° C (X? [p=0.05, df=2] =5.99). It is
clear from this finding that larval stage was affected by low temperatures more than the
pupal stage, which is more affected by high temperatures (32-36 °C), but the effect was
not significant (X? = 1.69, p>0.05) (X? [p=0.05, df=1] =3.84). These results are similar
to those reported for P. ruficornis [18] and B. cruentata [20].

Table 2. Mortality of the immature stages of S. dux at different temperatures

Temperature % Mortality (n) X?

°C Larva Pupa Total

16 27 (100)° 63.0 (73)° 73 (27F 14.40
20 16 (100) 6.0 (84) 21 (79) 4.55
24 11 (100) 45 (89) 15 (85) 2.73
28 17 (100) 13.3 (83) 28 (72) 0.45
32 24 (100) 27.8(79) 43 (57) 0.95
36 36 (100) 43.7 (64) 64 (36) 0.74

# Initial number of larvae in cohort.

® Number of larvae reached to pupae.

¢ Number of larvae reaching the adult stage.

¢ X 2 values performed on each set of data indicated differences in mortality between larva and pupa.
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A large proportion of the immature stages did not survive at 36 ° C, indicating
that the upper developmental threshold was between 32 and 36 ° C. This result is similar
to those reported for P. ruficornis (31-34 °C) [18] and B. cruentata (33 °C ) [20].

Weights

The mean weight of pupae and adults at emergence differed significantly as a
function of temperature for pupae (F=210.2; df=5,466 ; p<0.001) and for adults
(combined sexes) (F= 71.1; df=5, 350 ; p<0.001) (Table 3). Maximum pupal and adult
weights were reached when reared at 20 and 24 ° C, while minimum weights were
obtained at 16 and 36 °C. In comparison, the maximum pupal and adult weights for W.
nuba at 21 °C [17], for P. ruficornis at 25 and 28°C [18] and for B. cruentata at 21 and
25 ° C [20]. At all temperatures used, adult weights were smaller in females than in
males, but significant differences between sexes were observed only at 20 °C (p<0.01)
and 28 °C (p<0.05).

Table 3. Fresh weights of pupae and adults of S. dux reared at different temperatures

wt . of Pupae (mg) wt. of Adults (mg)
Temperature

P g+ 3 Q J+2

n Mean +SD n Mean +SD n Mean +SD n Mean +SD
16 73 78.7+11.83 12 53.6+1041 15 52.3+9.24 27 52.8+9.60
20 84 119.3+10.33 31 79.8+10.48 48 73.3+9.19** 79 75.9+10.16
24 89 126.6+10.12 37 78.1+9.61 48 74.3+9.17 85 76.0+9.51
28 83 101.1+12.03 35 69.4+13.67 37 64.2+7.64* 72 66.8+11.22
32 79 96.3+11.72 27 58.8+6.86 30 54.5+10.09 57 56.5+8.91
36 64 80.0+16.47 12 52.1+1041 24 49.7+7.27 36 50.5+8.37

Means between sexes in adults weights are significantly different (*p<0. 05, **p<0.01; t test).

In terms of rapid developmental rate, lower mortality and larger weight, the
optimal developmental temperature ranged between 20 and 28 ° C for all stages (Tables.
2 and 3). These results are similar to those given for W. nuba (21-33 ° C) [17], P.
ruficornis (22-28 ° C) [18] and B. cruentata (21-29°C) [20].

The developmental threshold temperatures extracted from our results can help
predict when this fly inactivity and when development and growth of populations may
be increasing, such data may used in control programs. The response of S. dux to
temperature may help to explain its geographic distribution, seasonality and may have its
implications in control programs.

Acknowledgement: | express my great appreciation to Mr. Salah Salem Abou-Fannah
for technical assistance.
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