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Abstract

Purpose The blowfly Sarconesia chlorogaster (Diptera:

Calliphoridae) is of limited forensic use in South America,

due to the poorly known relationship between development

time and temperature. The purpose of this study was to

determine development time of S. chlorogaster at different

constant temperatures, thereby enabling the forensic use of

this fly.

Methods Development time of this species was examined

by observing larval development at six temperatures (10,

15, 20, 25, 30, 35 �C). The thermal constant (K), the

minimum development threshold (t0), and development

rate were calculated using linear regressions of the devel-

opment time interval at five temperatures (10–30 �C).
Results Development interval from egg to adult varied

from 14.2 to 95.2 days, depending on temperature. The t0
calculated for total immature development is 6.33 �C and

the overall thermal constant is 355.51 degree-days (DD).

Temperature affected the viability of pupae, at 35 �C
100 % mortality was observed.

Conclusion Understanding development rate across these

temperatures now makes development of S. chlorogaster a

forensically useful tool for estimating postmortem interval.

Keywords Forensic entomology � Larval growth �
Postmortem interval � Thermal requirements

Introduction

Forensic entomology helps determine postmortem inter-

val by providing tools that estimate the time elapsed

between the time at which an insect lays eggs on a body

and its discovery (minimum postmortem interval, PMImin)

[1]. Among the most useful methods for estimating

PMImin is aging the insect larvae collected from the

remains. To this end, fly larvae are commonly used

because the stages of larval development and the time it

takes for them to go through those stages are known for

several species over a range of temperatures (using a

species-specific model of accumulated degree-hours or

degree-days [2]).

Flies in the family Calliphoridae (Diptera) are the most

frequently used group of insects for PMI estimation [3],

using models of accumulated degree-hours. Sarconesia

chlorogaster (Wiedemann, 1830), along with other Cal-

liphoridae, has become a key species in forensics in South

America because larvae are often found feeding on car-

casses [4–8] and on human remains [9]. This fly is endemic

to South America, in Argentina, Uruguay, Bolivia, Peru,

Chile, and southern Brazil [10–12].

One of the key components of using insects to estimate

PMI is that their developmental rate is temperature

dependent [13]. Thus, precise estimates of PMI will require

knowledge of the developmental rates of the fly species

over the range of temperatures encountered in the field.

The life cycle of S. chlorogaster has been described at

specific controlled [14, 15] and fluctuating temperatures

[16–18]. While providing information showing that

development rate is temperature dependent, previous

studies did not examine the range of temperatures often

encountered in field conditions and so the forensic potential

of this species is limited.
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Because S. chlorogaster is found on bodies and thus

offers great potential for estimating PMI [9], and consid-

ering the limited information about its biology and devel-

opment rates, we aimed to develop a model of accumulated

degree-hours based on the growth rate of S. chlorogaster at

constant temperatures. We also examined the effect of

these different temperatures on immature stage develop-

ment rate and estimated the minimum development

threshold (t0) and thermal constant (K). With this infor-

mation, the forensic use of, and general understanding of

the biology of this species, will be greatly improved.

Materials and methods

Development of immature stages at controlled

temperatures

To establish colonies in the laboratory, S. chlorogaster

were collected in Curitiba (25�250S, 49�140W), in the state

of Paraná, Brazil, using a trap baited with rotting sardines.

This colony was maintained under a natural photoperiod

with varying room temperatures. Adults were fed with

sugar, milk powder, raw ground beef, and water ad libitum.

Eggs for this study were obtained from raw ground beef

that was placed in the colony cages for 3 h to allow egg

deposition. Eggs were then transferred to containers and

placed in incubators (122FC; Eletrolab�, São Paulo,

Brazil).

Each incubator was adjusted to maintain constant tem-

perature (either 10, 15, 20, 25, 30, or 35 ± 1 �C), humidity

(60 ± 10 %), and photoperiod (12:12 h). Temperatures

and humidity were constantly monitored with thermohy-

grometers (TH-439; Equitherm�, Rio Grande do Sul,

Brazil). Five subsamples, each with *150 eggs, were used

at each temperature. The eggs of each subsample were

placed in a 500 ml plastic container with 180 g of artificial

diet [19]. This container was placed within a 1000 ml

plastic container with vermiculite as substrate for pupation.

Experiments were conducted using three generations (F3,

F4, and F5) from the stock colony.

The semi-synthetic diet [19] used to feed the larvae

included bovine stomach tissue, along with milk powder,

brewer’s yeast, casein, nipagin, and agar. We chose this

diet because it can be used without major deleterious

effects for necrophagous larvae and can substitute for a

standard beef diet [20, M.C. Lecheta unpublished results],

so did not impair its use in forensic research.

Treatments were checked hourly to determine how long

the eggs took to hatch. Because larvae were known to

develop at different rates at different temperatures, larvae

were observed from hatching to the third instar stage every

6 h at 20–35 �C. Larvae at 15 �C, and third instars at the

remaining temperatures, were observed every 12 h. At

10 �C, larvae were observed every 24 h. At each obser-

vation, 150 larvae (30 per container) were sampled to

determine the larval instar. To follow the developmental

time of the pupal stage and adult eclosion, 160 larvae per

temperature (32 larvae per subsample) were individually

placed in tubes containing vermiculite, after they had

completed feeding. These individuals were observed every

24 h to determine the day of pupation, emergence, and

mortality. Thereafter, additional observations at 32 ± 1 �C
only were used to determine survival of the pupal stage.

The methodology was the same as the previous experiment,

but only two subsamples were used.

Calculation of the ADH

Minimum development threshold (t0), thermal constant

(K), and rate of development were estimated for each

developmental stage and for the total time period it took to

develop from egg to adult, using the linear degree-hour

model [13, 21]. Minimum development threshold was

estimated by linear regression between the development

rates (y = 1/time development) and constant temperature

(x). The thermal constant was calculated from the equation

K = 1/b, where b is the coefficient of the linear regression

of the rate of development. If any temperature did not

result in complete development, then those temperatures

were not used in these calculations, because the degree-

hours model requires complete development [13, 22], and

with the subsamples pooled by temperature, to avoid

pseudoreplication [23].

As subsamples are not independent samples (replicates)

we can not use inferential statistics to test any hypothesis

[23]. We determined the effect of temperature on S.

chlorogaster development time (and its variability) based

on the 95 % confidence intervals of the pooled mean at

each temperature. In this framework the confidence inter-

vals represents the envelope (range) within which the true

mean may lie [24, 25]. All analyses were done on envi-

ronment R [26].

Results

Development of the immature stages at different

controlled temperatures

Temperature affected total development time from egg to

adult as well as development time to each stage: egg (the

CIs of sample means only overlapped for flies reared at 30

and 35 �C, Table 1); first instar (the CIs of sample means

only overlapped for flies reared at 25 and 35 �C, Table 1);

second instar (the CIs of the sample mean at 35 �C
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overlapped those for 25 and 30 �C, but the CIs of the latter
two temperatures did not overlap, Table 1), third instar

(non overlapping CIs for all sample means temperatures,

Table 1) and pupae (non overlapping CIs for all sample

means temperatures, Table 1).

The time interval of each stage decreased with

increasing temperature except at 35 �C. The total period

from egg to adult ranged from 14.2 to 95.2 days. The egg-

laying to hatching interval ranged from 14 h to 2.7 days.

The first instar ranged from 12 h to 3.9 days, second instar

from 17.6 h to 5.4 days, and third instar from 2.3 to

16.1 days. The pupal period ranged from 10 to 66.8 days

(Table 1).

Pupae reared at intermediate temperatures (15–25 �C)
had greater than 96 % survival. At 10 and 30 �C survival

was around 80 %, and no survival occurred at 35 �C.
Adults did not emerge at 32 ± 1 �C. Thus, the biological

upper limit for the complete development of S. chloro-

gaster is approximately 31 ± 1 �C.

Constant K and estimated minimum development

threshold

There is little variation in growth rate at each temperature

(as seen by the r2 values and confidence intervals (Figs. 1,

2) and the regressions clearly show the relationship

between development rate (1/D) and temperature. The

parameters t0 and K were 4.77 �C and 336.96 h �C for time

to hatch, 10.11 �C and 212.4 h �C for the 1st instar,

7.40 �C and 422.88 h �C for the 2nd instar, 6.77 �C and

1288.56 h �C for 3rd instar, 5.95 �C and 6289.44 h �C for

pupation. Complete development t0 and K were 6.33 �C
and 8532.24 h �C. Overall, the estimated minimum

development threshold was similar for all stages of

development, around 6 �C, with the exception of the first

instar larvae (10.11 �C). Parameters estimated from the

regressions are found in Table 2.

Discussion

We found that S. chlorogaster has well defined develop-

ment limits and will offer very useful information in

forensic cases, especially to estimate PMImin. Within lim-

its, development patterns in S. chlorogaster are similar to

those of other Calliphoridae and muscoid dipterans, i.e.,

higher temperatures (within limits) result in faster devel-

opment [for example, see 27–34].

In Peru, development time in S. chlorogaster under

fluctuating temperatures (13.7–24.8 �C) [16] were similar

to those in this study at 15 and 20 �C. With the same

source population as this study, developmental period at

ambient temperatures (22.2–29.3 �C) [17] resulted in aT
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total development time similar to what we found at 20 �C
[17]. In Rio Grande do Sul, Brazil, with an average tem-

perature of 13.6 �C [18], development time was similar to

our 15 �C treatment. These discrepancies in development

time could result from either the different experimental

designs (temperature regimes) or population variations.

In a study conducted by Bonatto using flies that origi-

nated from the same site potentially conflicting growth

rates at controlled temperatures were described [14]. For

example, time intervals for development of S. chlorogaster

at 27 �C [14] are comparable to our treatments at 20–25 �C

(first instar), 20 �C (second instar), and 15 �C (third instar).

Perhaps this is due to the different diets, since Bonatto did

not include animal tissue in the diet he used [14]. Because

we wished to examine the forensic potential of this species,

we suggest that the diet we used was more similar to that of

bodies, and thus provides a reasonable estimate of growth

rates. While the diet in the study by Bonatto resulted in

complete development, it also may have increased devel-

opment time due to a compensatory response resulting in

lower weight gain per unit time. Thus, a greater develop-

ment time was needed to reach the minimum weight to

Fig. 1 Development rate (continuous line, with a 95 % confidence

interval, and corresponding equations) and duration (in hours, dotted

line) of S. chlorogaster, estimated from controlled temperatures of

10–30 �C, for the egg development period (a), first instar (b), and
second instar (c). The line of development period is to a third degree

polynomial adjusted curve

Fig. 2 Development rate (continuous line, with a 95 % confidence

interval, and corresponding formulae) and duration (in hours, dotted

line) of S. chlorogaster, estimated from constant temperatures of

10–30 �C for the third instar (a), pupa (b), and total period from egg

laying to adult (c). The line of development period is to a third degree

polynomial adjusted curve
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move to the next stage. In contrast, using the same source

population, the period of egg to third instar at 25 �C (beef

diet) [15] was very similar to our results at the same

temperature.

Determination of the minimum threshold of develop-

ment and the values of degree-hours or degree-days for

each stage of development is an important prerequisite for

using the model of accumulated degree-hours (ADH) for

the estimates of PMImin [22]. Here we find an overall

minimum development threshold of 6 �C for S. chloro-

gaster. It has been suggested that, in the absence of

information on the biology of fly species of forensic

interest, one may use the minimum development threshold

of 10 �C for tropical species and 6 �C for temperate species

[22]. Despite also being found in the tropics, S. chloro-

gaster is common in colder regions with more temperate

climates [12]. So, for this species, using the tropical rather

than temperate minimum development threshold will bias

PMImin estimation.

The maximum threshold temperature is often ignored in

the calculation of accumulated degree-hours, because high

temperatures in forensic settings rarely reach a level that

would cause lethal effects [35]. Upper temperature limits

are rare at crime scenes. However, if temperatures

approach the upper limit for an extended time, PMImin will

be underestimated [36]. A good example where maximum

temperature could be encountered would be in the trunk of

a car exposed to full sunlight. Also, even though S.

chlorogaster occurs in colder regions, high temperatures

([30 �C) can be common during the summer. Thus,

because the upper threshold for S. chlorogaster was

30–31 �C (calculated from development and mortality), the

maximum threshold for this species must be understood

when estimating the PMImin. In S. chlorogaster, tempera-

tures above 31 �C will increase larval development time

and reduce adult eclosion.

The most important result of this study is that we pro-

vide a precise model that can be used to estimate PMImin

based on age determination of immature stages of S.

chlorogaster, since these data can be used to determine the

period of activity (sensu Campobasso and Introna [37]).

However, based on differences on development time

observed between our study and others, is advisable that

more studies be conducted to better understand this varia-

tion. Additionally, we recommend future experiments on

the maximum and minimum thresholds of development on

this and other species of forensic importance, to ensure

greater reliability of ADD/ADH models used in estimating

PMImin. Our results in this study may assist forensic

entomologists to make more accurate estimations of

PMImin when S. chlorogaster is present.

Key Points

1. We show that the development of S. chlorogaster, a

key species for forensic entomology in South America,

occurs within well defined upper and lower limits that

should be incorporated in PMI estimates.

2. Sarconesia chlorogaster showed little variation in

growth rate at each temperature and the time interval

of each stage decreased with increasing temperature

except at 35 �C. The total period from egg to adult

ranged from 14.2 to 95.2 days.

3. Pupae reared at intermediate temperatures had greater

than 96 % survival. At 10 and 30 �C survival was

around 80 %, and no survival occurred at 35 �C.
Adults did not emerge at 32 ± 1 �C.

4. The biological upper limit for the complete develop-

ment of S. chlorogaster is approximately 31 �C and the

estimated minimum development threshold is 6.33 �C.
The constant K was 8532.24 h �C.

5. Overall we provided accurate models that can be a

useful tool to estimate PMImin based on immature

stages of S. chlorogaster.
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