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Abstract

In the field of forensic entomology, Chrysomya rufifacies (Macquart 1843) (Diptera: Calliphoridae) has proven to be an
important species for postmortem interval (PMI) assessment in criminal investigations. The developmental patterns of C.
rufifacies exhibit temperature-dependent variations that are geographically specific, and these variations are influenced by
seasonal changes. Hence, understanding the geographically specific development patterns of C. rufifacies in response to
temperature and seasonal changes is crucial for improving the accuracy of PMI predictions. In the present study, we exam-
ined the developmental rates of C. rufifacies across a temperature gradient (20 °C, 25 °C, 30 °C, 35 °C, and 40 °C). Primary
objective of present study was to gather precise developmental data essential for calculating the post-mortem interval (PMI)
within varying temperature ranges. Furthermore, we investigated the influence of seasonal variations, encompassing the
summer, rainy and winter seasons, on the growth and developmental patterns of C. rufifacies. The results of present studies
show that temperature significantly affects the growth and development of C. rufifacies. The length of developmental stages
and morphological parameters varied seasonally, with longer duration and colder temperatures in winter and shorter duration
and warmer temperatures in summer. The finding that faster development was directly correlated with higher temperatures
highlighted the significance of temperature in affecting an insect’s life cycle. Our research highlights the necessity of gath-
ering information on evolution trends that are specific to a given area in order to accurately calculate PMI in forensic ento-
mological investigations. Understanding the interactions between temperature, seasonal variation, and morphological traits
is critical for establishing baseline data for PMI estimates. The accuracy of PMI estimates will ultimately increase thanks
to this information, and forensic entomologists will have even more opportunities to contribute to forensic investigations.
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Introduction importantly, determine the postmortem interval (time since

death). By closely examining the activities and life cycles

Forensic entomologists use the invaluable potential of
insects as evidence to establish exact timelines, determine
the identity of suspects, confirm or disprove alibis and, most
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e Chrysomya rufifacies is pivotal for precise postmortem interval
(PMI) determination in forensic entomology.

e Temperature significantly influences growth rates of Chrysomya
rufifacies, with higher temperatures leading to faster
development.

e Seasonal variations impact developmental phases, highlighting
the need for region-specific data in PMI calculations.

o Understanding temperature and morphological features is crucial
for establishing accurate baseline PMI estimates.

o This research enhances PMI accuracy, empowering forensic
entomologists in criminal investigations.
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of insects, these experts play a critical role in unravelling
criminal mysteries and assisting law enforcement in solving
crimes [1]. Forensic entomologists mostly rely on laboratory
studies to calculate the postmortem interval (PMI) by ana-
lyzing the developmental data of arthropods. The coloniza-
tion and developmental patterns of insects are affected by the
surrounding temperature conditions. Insects are also depend-
ent on accumulated heat energy (degree days) to move from
one life stage to the next. They can only develop at certain
threshold temperatures, as their growth is restricted outside
these critical limits [2].

C. rufifacies have a wide distribution and is of particu-
lar interest as a blowfly species [3—6] for its particular
importance to forensic science in many countries around
the world. C. rufifacies plays a crucial role as an indicator

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s42690-024-01189-6&domain=pdf
http://orcid.org/0000-0003-2169-5764

748

International Journal of Tropical Insect Science (2024) 44:747-757

species in forensic entomology and serves as a valuable tool
for estimating the minimum postmortem interval (PMImin)
in crime scene investigations. However, it is important to
remember that development rates can vary greatly depend-
ing on local conditions. To ensure accurate estimates, it is
therefore essential to base PMImin calculations on region-
ally generated development data.

By using specific developmental data from the local envi-
ronment, forensic entomologists can improve the precision
and reliability of their time-of-death determinations, contrib-
uting to more effective and scientifically sound crime scene
investigations. Climate changes have a significant impact
on decomposition rates, insect development, and succes-
sion patterns in different ecosystems at different times of
the year and in different geographical locations [7]. These
relationships underscore the critical role that temperature
variation plays in shaping the intricate relationships between
insects and their environment, making it an essential factor
for forensic entomologists to consider when analyzing insect
tracks at crime scenes.

The minimum postmortem interval (PMI), which is deter-
mined in forensic investigations, is based on the growth rate
of the larvae, which is directly influenced by temperature
[8]. Extreme temperatures can hinder growth by setting a
lower developmental threshold beyond which any further
progress comes to a halt [9, 10]. Temperature fluctuations
significantly influence the rate of decomposition by slow-
ing it down in winter and prolonging it in summer [11, 12].

The present study investigates how temperature fluctua-
tions in India affect the life cycle of the forensic fly C. rufi-
facies. By analyzing its growth in response to seasonal and
constant temperatures, the research aims to enhance forensic
investigations and understand climate change’s impact on
crucial insect species.

Material and method

Beginning of the experiment and maintenance
of colony

Liver samples were purchased from a local butcher shop
and allowed to putrefy, attracting flies that laid eggs on the
decaying liver. Yes, bait was placed directly on the ground.
Container was not used to protect the bait; instead, guards
were implemented to prevent access by larger animals. Addi-
tionally, some baits were used for field collection. Adult flies
were collected using an insect-gathering net and transferred
to the laboratory at the Department of Zoology, Government
College of Arts and Science, affiliated with Dr. Babasaheb
Ambedkar Marathwada University, Aurangabad, Maharash-
tra, India. The adult animals were housed in cages, under
non-controlled temperature and humidity. The flies were fed
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daily diets of raw beef liver and diluted honey in water in the
lab. The fresh liver served as an ideal place for the female
flies to lay their eggs. Up until the post-feeding stage, fresh
beef liver was fed to the maggot cultures [13-15].

Maintenance of the pure culture

The egg laying of the females was continuously monitored,
and as soon as the eggs were laid, the females were separated
to produce a pure culture of C. rufifacies. Using previously
published taxonomic keys [16, 5, 17-21], flies were rec-
ognized visually under a stereoscopic microscope (Magnus
MS-224) to morphologically analyze these adults and mag-
gots. To validate the morphological identification, molecular
taxonomy was carried out. Adult flies were killed, and their
thorax was used to perform DNA barcoding using mtCOI
(Genbank accession number (MG816778)) [14]. Prepupae
were housed in 500-ml beakers filled with the dry soil neces-
sary for pupation. In a separate rearing box with dimensions
of 22 inches in length, 12 inches in width, and 10 inches in
depth, adult flies that emerged from pupae were raised, and
normal culture was maintained [22]. By extracting the eggs
or larvae of one female and cultivating them for identifica-
tion and additional experimentation after the collection of
the samples, pure cultures for each species were obtained
[15, 22]. Oviposition observations were recorded hourly
throughout the designated interval.

Evaluation of the effects of temperature
and humidity

To examine the impact of different seasons on the life cycle
of C. rufifacies, three replicates were conducted, and their
averages were analyzed. For the seasonal study (the sum-
mer, rainy, and winter seasons, and each season lasts for six
months), all cages were maintained in the laboratory under
ambient room conditions, temperature and humidity were
monitored using a thermo-hygrometer.

Five BOD incubators (by Narmada Instruments Corpo-
ration India, product code: ITB-9CF7F06A) with constant
temperatures between 20 °C, 25 °C, 30 °C, 35 °C, and 40 °C
were used for the constant temperature-dependent investiga-
tion. About 2 kg of beef liver samples were purchased from
a nearby abattoir before the study was started. Each cage
received 100 g of beef liver as its substrate. For the experi-
ment, 150 larvae were collected, with 30 larvae allocated
to each incubator, maintaining a constant temperature. This
setup aims to investigate the impact of temperature on the
growth and development of the larvae. Hourly development
and morphological parameters were meticulously docu-
mented during the entire experiment, with three replicates
recorded for each parameter. Feeding plates and honey water
were changed every day, and cleaned plates were used every
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time. All the cages were cleaned at 5-day intervals. A pure
culture of C. rufifacies colonies was consistently maintained
throughout the year to conduct all the experiments. Fly sam-
ples from the pure culture were obtained for these trials to
conduct research during the appropriate season.

Data collection

Upon placing jars containing fly eggs into an incubator,
continuous day-to-day observations were performed. These
observations spanned from the moment of hatching until the
larvae reached the third instar, with hourly assessments con-
ducted throughout the daylight hours. Once the eggs were
hatched, two larvae from each jar were selected from the
rearing jars, euthanized using hot water, and preserved in
70% alcohol for subsequent analysis of length, cross-width,
and instar stage. Sampling occurred every 12 h after the
larvae reached the third instar until the adult flies emerged.
The length of each preserved larva was determined using
a digital microscope (LB-236 Binocular Biological Digital
Microscope), and the cross-width of the posterior segment
was measured using a vernier calliper (Baker DC 20, with a
precision reading of 0.02).

Statistical analysis

Statistical analyses were performed in R v. 4.2.2 [23]. Basic
data manipulations were performed using tidyverse v. 1.3.2
[24], and data was checked for outliers and normality using
rstatix v. 0.7.2 [25]. The distributions of most morphological
measurements deviated from normality and were thus log-
transformed so that a two-way repeated measures ANOVA
(P=0.05) could be performed on transformed and untrans-
formed data, again using rstatix, to determine the effect of
temperature on development time and larval morphometric
measurements. The Mauchly test of the sphericity of data
was performed, and the Greenhouse-Geisser correction was

Fig.1 Morphological param-
eters of Chrysomya rufifacies in
various seasons
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used when necessary. Figures were plotted using the ggplot2
version. 3.4.1 package [26].

Results

In the present study, it was found that the duration of the life
cycle stages of C. rufifacies differed in size in the different
seasons. In summer, these stages were comparatively smaller
than in the rainy season, but larger than their counterparts in
the winter season (Table 1). The duration of this life cycle
varied depending on the season and temperature. In summer,
when the average maximum temperature was 31.6 °C and
the average humidity was 26%, the life cycle was completed
in about 218 h, which corresponds to 9 days and 2 h. In
the rainy season, with an average temperature of 29.2 °C
and an average humidity of 56%, the life cycle lasted 277 h,
corresponding to 11 days and 13 h (Table 1). In contrast, in
winter, with an average temperature of 24.1 °C and a humid-
ity of 39%, the life cycle lasted approximately 319 h (13 days
and 5 h) Figs. 1 and 2. Figure 3 shows the development time
of C. rufifacies and PMI in hours in different seasons.
Notably, the various developmental phases of C. rufifa-
cies exhibited differences in size across the seasons. In the
summer, these stages were comparatively smaller than those
in the rainy season but larger than their counterparts during
the winter season. The warmer environmental conditions
influence behaviour and physiology in the summer season.
Flies become more active and move faster in warm weather,
which provides ideal conditions for their life cycle, includ-
ing faster development. Flies tend to be more prevalent
during the summer due to increased breeding opportuni-
ties. Warmer temperatures lead to higher metabolic rates in
flies. This means they require more energy to sustain their
activities, such as flying, foraging, and mating. That’s why
flies experience accelerated growth and development in the
summer, as higher temperatures promote faster maturation

Measurement
Mean length (mm) summer
B Wean tength (mm) rainy season
B Vean tength (mm) winter
Mean weight (mg) summer
Mean weight (mg) rainy season
B Vean weight (mg) winter
B Wean wicth (mm) summer
B Vezn wicth (mm) rainy season
. Mean width (mm) winter

Illinstar Prepupa Pupa Adult

Stage
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Fig.2 Record of average
temperature and humidity in
various seasons
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from egg to adult, due to which flies may weigh less. In
colder temperatures, flies tend to be less active and typically
have lower metabolic rates in cold weather, such as winter or
rainy season. Their metabolism slows down as temperatures
drop, which is a common strategy for conserving energy in
adverse environmental conditions.

Flies have lower energy requirements during the winter
because they are less active and have fewer opportunities
for reproduction. A slower metabolism helps them conserve
energy and survive with limited resources. A decreased met-
abolic rate can extend the lifespan of flies during the win-
ter. That’s why morphometric parameters may vary in the
summer, winter, and rainy seasons. Knowledge of flies’ life
cycles helps to calculate post-mortem intervals in respec-
tive seasons. The ANOVA results reveal that temperature

Value
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Fig.3 Developmental duration
of Chrysomya rufifacies in vari-
ous seasons
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Measurement
Mean temperature (*C) summer
Mean humidity (%) summer
B Vean temperature (-C) rainy season
B vean humidiy (%) rainy season
Bl vean temperature (C) winter
B vean humidity (%) winter

Il instar Prepupa Pupa Adult
Stage

significantly affects the developmental stage (p <0.05), and
morphological parameters (p <0.05).

Table 1 shows the morphological parameters and devel-
opment time of C. rufifacies in various seasons. Table 2
shows the morphological parameters and development time
of C. rufifacies in various constant temperatures (20 °C,
25 °C, 30 °C, 35 °C, and 40 °C). Figure 1 presents morpho-
logical parameters of C. rufifacies across different seasons.
Figure 2 illustrates the recorded average temperature and
humidity variations across these seasons. Figure 3 displays
the developmental duration of C. rufifacies under varying
seasonal conditions. In contrast, Figs. 4, 5, 6 and 7 respec-
tively, depict the mean length, mean weight, mean width,
and mean developmental time of C. rufifacies under differ-
ent constant temperature settings.

Measurement

PMI hours in summer
B PV nours in rainy season
B~ vours in winter

Stage
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Table 2 Developmental time, Length, Weight and Width of Chrysomya rufifacies with respect to temperature

Temperature = Development Stage
0 Egg I instar II instar 111 instar Prepupa Pupa Adult
Development 20 28.05+0.13  29.01+0.26 48.98+0.14 55.1£0.16 1900 55+0 406.14 +0.36
Time 25 2548 +2.51 27.13+0.28 48.09+0.16 53.14+0.19 187+0 55+0 395.85+2.54
30 23.15+£0.15 24.61+0.3 43.42+0.2 45.7+£0.37 181.41+0 55+0 373.30+0.53
35 21.15+£0.08 22.43+0.08 41.28+0.10 42.39+0.1 177.16 0 55+0 359.42+0.22
40 18.10+0.12  19.12+0.17 37.77+3.16 41.31+0.22 170.22+0 55+0 341.54+3.21
Length 20 1.61+0 5.42+0.01 9.61+£021 16.69+0.3 13.80+0.9 9.43+0.08 8.51+009
25 1.53+0 5.20+0.01 9.51+0.0 16.15+0.08 13.45+0.7 9.11+£0.08 8.37+0.05
30 1.51+0 4.43+0.08 9.14+0.01 15.18+0.07 12.82+0.0 8.83+0.01 8.12+0.07
35 1.41+0 4.08 £0.07 8.59+0.04 14.58+0.04 12.44+0.6 8.51+0.01 7.91+£0.02
40 1.3+0 3.92+0.01 8.30+0.09 13.72+0.01 11.62+0.2 8.19+0.09 7.52+0.01
Weight 20 0.56+0 949+042 2571011 59.42+0.11 46.28+0.23 45.74+0.08  33.52+0.00
25 0.53+0 9.81£0.01 25.54+0.06 58.63+4.21 45.40+0.25 45.31+0.11 33.19+0.06
30 0.52+0 9.47+£0.04 2459+0.96 56.28+0.13 44.40+0.10 40.18+0.07 30.07+2.8
35 0.5+0 9.81+£0.10 22.28+0.53 52.54+0.27 4227+0.21 37.22+0.20  27.12+0.15
40 0.5+0 855+0.12 21.20+0.29 51.23+0.23 40.33+0.31 35.14+0.23  24.91+0.81
Width 20 0.72+0 1.82+0.00 3.42+0.01 4.53+£0.01 441+£0.01 4.25+0.07 3.736+0.00
25 0.71+0 1.81+£0.08 3.20+£0.01 4.31£0.00 42+0.07 4.06+0.07 3.55+£0.04
30 0.6+0 1.51+£0.01 2.91+0.01 3.92+0.01 3.82+0.00 3.62+0.01 3.42+0.00
35 0.51+0 1.38+0.03 2.71+£0.01 3.71+0.01 3.74+£0.02 3.60+0.05 3.40+0.00
40 0.41+0 1.31+0.0 2.52+0.01 3.52+0.01 3.52+0.01 3.42+0.02 3.29+0.05

+ Standard Deviation for five values

The life cycle of C. rufifacies was investigated at vari-
ous constant temperatures. The life cycle was completed
in 406.14 h at the lowest temperature of 20 °C. The life
cycle lasted for 395.85 h when the temperature reached
25 °C (Table 2). It was shown that the larvae gained more
body weight, width, and length at lower temperatures. The
life cycle then dropped at further temperature increases
of 30 °C, 35 °C, and 40 °C to 373.30 h, 359.42 h, and
341.54 h, respectively. Table 2 shows the developmental

Fig.4 Mean length of Chrys-
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period of C. rufifacies in all respective constant tempera-
tures. The development of the flies was speeded up with
the increase in temperature. The flies achieved their maxi-
mum weights, widths, and lengths at the lowest tempera-
ture, and they decreased as the temperature increased. The
lowest weights, widths, and lengths were observed when
larvae were reared at 40 °C (Table 2). The growth of C.
rufifacies was completed faster at a temperature of 35 °C
and lasted only 12 days, with a slight decrease in maggot
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weight. The modest mortality of C. rufifacies at 40 °C
showed that the flies could not withstand the high tem-
peratures. Remarkably, a consistent relationship between
higher temperatures and reduced width was observed
across different developmental stages. The comprehensive
data presented in Table 2 provide detailed insights into
the weight (in mg), length (in mm) and width (in mm) of
the developmental stages of C. rufifacies under differ-
ent constant temperature conditions. The results show a
recognizable trend characterized by decreasing weights
at increasing temperatures in the different developmen-
tal stages. This indicates a plausible correlation between
temperature fluctuations and the progression of C. rufifa-
cies development.

Discussion

The influence of temperature on the growth and develop-
ment of insects is considerable. The growth and perfor-
mance of insects are greatly affected by sudden increases
or decreases in temperature. In forensic investigations, it
is important to consider how temperature affects the nutri-
tion and development of maggots. Temperature and larval
stages are the two main elements considered when estimat-
ing the timing of insect development in a forensic context
[27]. According to Tomberlin et al. [28], critical tempera-
tures can alter timings of forensic importance. Blowfly
activity is affected by low temperatures [29] as well as
heavy rain and excessive humidity [30], which can delay
their arrival at a corpse. Greenberg [31] claimed that Cal-
liphoridae cannot fly when it rains. Digby [32] also found
that the ability of Calliphora vicina to fly is impaired by
strong winds. Sarcophagid flies, on the other hand, are
not affected by rain and may be the first insects to col-
onize a corpse during prolonged wet weather [33]. The
activity of the blowfly is limited at temperatures above
30 °C and below 12 °C [34]. The study of insect growth
rates and colonization and succession patterns at a site
is necessary to estimate the postmortem interval (PMI).
Temperature has a significant influence on insect activ-
ity and can change depending on the season and location
[35]. Therefore, to provide a basis for forensic entomology,
it is crucial to conduct carrion decomposition studies in
different geographical areas and over several seasons in
a given area. Similarly, precise data collection is crucial
since it provides the basis for trustworthy and legitimate
investigative results. To accurately estimate the post-
mortem interval (PMI), precise documentation of insect
growth, ambient conditions, and related data is necessary.
The results of criminal investigations may be impacted by
minor mistakes or omissions in data collecting that cause
large disparities in PMI computations.

@ Springer

In the present study, C. rufifacies was examined for sea-
sonal variation, and its life cycle was recorded for the sum-
mer, rainy, and winter seasons. The results of our study shed
light on the seasonal fluctuations in the life cycle of the
blowfly species C. rufifacies, which is important for forensic
entomology. One of the main objectives of the present study
was to determine how seasonal variations, especially of tem-
perature and humidity, influence the maturation schedule of
this species. It became clear that these environmental con-
ditions had a significant impact on how long C. rufifacies
lived. In summer, with an average temperature of 31.6 °C
and humidity of 31.6%, the life cycle is completed in an
exceptionally short 218 h. Higher temperatures are known
to speed up an insect’s metabolism and development. The
accelerated development seen in our study is probably due
to the higher metabolic activity in warmer environments.
On the other hand, the life cycle of C. rufifacies lasted 317 h
during the winter, which was characterised by an average
temperature of 24.1 °C and 39% humidity. The slower devel-
opment that occurs at lower temperatures can be attributed
to the decrease in metabolic rate. For this reason, the devel-
opmental phases of the species were significantly prolonged
during the winter. The life cycle lasted 277 h during the
rainy season, when temperatures and humidity were in the
medium range (average temperature of 29.2 °C and 67%
humidity). These results indicate that although temperature
remains the most important factor, the slowdown in develop-
ment caused by lower temperatures can be somewhat offset
by higher humidity. The relationship between humidity and
temperature, which is most pronounced during the rainy
season, favours an environment in which C. rufifacies can
develop on a more balanced schedule.

Seasonal fluctuations also influence the morphological
characteristics of the different developmental stages. The
larvae gained more weight in winter than in the rainy season
and in the summer. The highest weight was recorded in sum-
mer, when the temperature was high. The length and width
of the larvae were also shorter in the summer season. How-
ever, the life cycle was longer in the winter than in the rainy
and summer months. A similar study was conducted by Abd
Al Galil and Zambare [36] who showed the effect of temper-
ature on the life cycle of C. rufifacies which was influenced
by temperature. Their results revealed that C. rufifacies took
11.46 +£0.45 days during the rainy season, 10.04 +0.12 days
during the summer, and 13.25+0.25 days during the win-
ter to complete its development. High temperatures both
speeded up the development in the summer and slowed it
down by roughly three days in the winter. In the dry season,
the larvae are larger, in summer, they are smaller and in
winter, they are even smaller. The length of the life cycle
stages is significantly influenced by temperature. The time
required to complete the life cycle increases at lower tem-
peratures, while it decreases at higher temperatures [9, 37].
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Higher temperatures usually accelerate the hatching of the
eggs and the maturation of the Calliphoridae larvae, which
can increase considerably in size within a few hours. The
length of the larvae usually reaches its peak during the feed-
ing phase and then gradually decreases again. The period
before feeding and pupation usually takes up about 75% of
the preadult cycle of Calliphoridae flies [37]. Even more
than meteorological factors, temperatures, larval growth, and
abundance determine how long the bloated stage, which is
characterized by the accumulation of gases inside the body,
lasts. When the insect larvae penetrate the host and release
gas, the bloated stage is over [38]. According to Tantawi
et al. [39], the bloated stage lasts longer in the summer than
it does in the spring. The principal fly species that colonizes
rabbit carcasses throughout these seasons has differences in
its biology of reproduction, which is thought to be the cause
of this variance.

During the temperature-dependent study, the life cycle of
the fly was completed in 406.14 h (20 °C), 395.85 h (25 °C),
373.30 h (30 °C), 359.42 h (35 °C) and 341.54 h (40 °C),
respectively. At 20 and 25 °C, the fly took an extremely long
time to complete its development. Due to the lowest tempera-
ture, development of the fly was delayed, but when the tem-
perature was raised to 30 °C, 35 °C, and 40 °C, development
was completed in a short time. Flores [40]. also mentioned
that temperatures above 9 °C are necessary for C. rufifa-
cies eggs to hatch, and larvae will only pupate at tempera-
tures above 15 °C. For calculating the time of death based
on insect developmental phases, precise temperature data is
essential. Similar results were obtained by Rogers et al. [41],
as per their study, 24 °C required more accumulated degree
hours (ADH) than 30 °C for C. rufifacies growth. Interest-
ingly, the species’ diet was more significantly impacted by
the lower temperature of 24 °C, with notable differences
in ADH requirements and survival rates. Compared to lar-
vae raised on pork loin, those raised on pork mince showed
higher development. Beef and pork liver growth was hin-
dered at 24 °C, and specimens failed to reach the third instar.
Among all rearing mediums, C. rufifacies did, however, suc-
cessfully develop at 30 °C, which correlated with the finding
of this study, which shows C. rufifacies grew well at 35 °C.
At high temperatures (40 °C), the life cycle of the fly was
disrupted, and 25% mortality was observed. Due to the high
temperature, the emergence of the fly was affected, and flies
died soon after the emergence. The length, weight, and width
of the larvae were also minimal as compared to other con-
stant temperature ranges under the study. This study supports
the results obtained by Yanmanee et al. [7], who investigated
the developmental rates of C. rufifacies in its native range in
Thailand under nine constant temperature regimes: 15, 18,
21, 24,27, 30, 33, 36, and 39 °C. The study revealed varying

developmental times from egg to adult across these tempera-
tures, with the longest duration observed at 15 °C (618 h)
and the shortest at 33 °C (168 h). It is noteworthy that no
pupae hatched at 39 °C, indicating the detrimental effect of
extreme heat on the development of the insect. These results
are of great importance for forensic entomology as they allow
more accurate estimates of the post-mortem interval in the
region and provide valuable insights into the influence of
temperature on insect growth. Further research is needed to
explore the underlying mechanisms and extend the study to
other geographic regions.

The development of flies is heavily influenced by tem-
perature. Higher temperatures often hasten development,
resulting in shorter life cycles, faster growth, and faster pas-
sage through several life stages [16]. Higher temperatures
boost metabolic activity, while lower temperatures slow
down fly development, extending life cycles. Lower tem-
peratures align fly life cycles with favorable conditions, but
extremes can be harmful. Each fly species has an optimal
temperature range for efficient development. Understand-
ing temperature effects is crucial in forensic calculations,
especially for determining the post-mortem interval (PMI)
[37]. Hence, scientists across the world are studying flies
development with respect to time. Gabre et al. [42] examined
the C. megacephala fly’s growth rate in Egypt at a tempera-
ture of 26 °C and a humidity level of 60-70%. Claver and
Yaqub [43] raised the C. megacephala fly species on chicken
meat in India under three distinct temperature and humidity
conditions: 19-24 °C and 85-96% humidity, 24-28 °C and
82-94% humidity, and 28-32 °C and 78-84% humidity. This
allowed them to study the development of this fly species.
Bambaradeniya et al. [44] also studied C. megacephala at
various temperature regimes in Sri Lanka. In India, Abd-
Algalil and Zambare [36], Bansode et al. [13, 22,27, 37, 45]
have studied different types of Calliphoridae species to study
the effect of temperature on flies growth and development.
Such baseline region- and country-specific developmental
data are crucial when applying insect shreds of evidence in
criminal investigations to calculate PMI.

In the context of current global research initiatives
focused on understanding the evolution of flies in relation
to temperature, the importance of this study lies in the pro-
vision of regionally specific evolutionary data. However, to
comprehensively address existing knowledge gaps, future
research efforts should prioritize investigating additional
variables that influence fly development. Expanding the
study to a broader range of environmental conditions is of
utmost importance. This ongoing research is essential for
the continued advancement of forensic entomology and the
creation of a solid foundation for the reliable use of insect
evidence in criminal investigations.
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Conclusions

The present study concludes by highlighting the crucial
influence of temperature on the growth of C. rufifacies, an
important aspect to be taken into account in forensic ento-
mology. Gaining accurate postmortem evaluations neces-
sitates a sophisticated comprehension of local climatic
changes. C. rufifacies’s versatility emphasizes how impor-
tant it is to understand temperature-dependent patterns in
order to use them effectively in forensic applications. To
have a better understanding, it is suggested that future stud-
ies explore the physiological and genetic mechanisms behind
the biology and behavior of blowflies.
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