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Abstract

Introduction: Calliphoridae flies allow estimating the postmortem interval (PMI), as they are

the first to arrive at a decomposing body. Its larvae feed on the carcass and then move away to

pupate (post-feeding dispersal). Since the environment alters the physiology and behaviour of

insects, the dispersal of larvae and the final location of pupae could be related to the place

where the carcass is deposited. The aim of this work was to study the dispersal of post-feeding

larvae in relation to environmental variables in northern Patagonia.

Materials and methods: The distribution of pupae in response to different illumination,

temperature, and soil inclination conditions was evaluated. A circular box divided into

quadrants was used for each treatment and a control. Post-feeding larvae were placed in the

centre of each box, allowing them to disperse until they pupate. Differences in the number of

pupae collected in each quadrant were evaluated by ×2 tests.

Results: According to the control, the dispersion of post-feeding larvae occurs randomly (p=

.098). Regarding temperature, the larvae eluded the heat source (p<.01). The inclination

treatments showed that larvae avoided the raised surface (p<.01). Concerning illumination

conditions, no trend was observed (p=.41).

Conclusions: Knowing the dispersal patterns of larvae, considering environmental variables,

reduces search times and let infers the sectors with the highest probability of finding pupae. In this

way, it is likely to estimate a more precise PMI in the framework of medico-legal investigations.
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Dispersión espacial de larvas postalimentarias de moscas de importancia forense:

implicaciones para la investigación médico-legal

Resumen

Introducción: Las moscas de Calliphoridae permiten estimar el intervalo postmortem (IPM), por

ser las primeras en arribar a un cuerpo en descomposición. Sus larvas se alimentan del cadáver y

luego se alejan para empupar (dispersión postalimentaria). Dado que el ambiente altera la

fisiología y el comportamiento de los insectos, la dispersión de larvas y la ubicación final de las

pupas podrían relacionarse con el lugar donde se deposita el cadáver. El objetivo de este trabajo

fue estudiar la dispersión de larvas postalimentarias en relación a variables ambientales en

norpatagonia.

Materiales y métodos: Se evaluó la distribución de pupas en respuesta a condiciones de

iluminación, temperatura e inclinación del suelo. Se utilizó una caja circular dividida en

cuadrantes para cada tratamiento y un control. En el centro de cada caja se colocaron larvas

postalimentarias, permitiendo que se dispersen hasta empupar. Las diferencias en la cantidad

de pupas colectadas en cada cuadrante fueron evaluadas mediante pruebas de X2.

Resultados: Según el control, la dispersión de larvas postalimentarias se produce de manera

azarosa (p = 0,098). Con respecto a la temperatura, las larvas eludieron la fuente de calor

(p < 0,01). En cuanto a la inclinación, las larvas evitaron la superficie elevada (p < 0,01).

Respecto a la iluminación, no se observó una tendencia (p = 0,41).

Conclusiones: Conocer los patrones de dispersión de larvas, considerando variables

ambientales, permite disminuir los tiempos de búsqueda e inferir los sectores con mayor

probabilidad de encontrar pupas. De esta manera, es posible estimar un IPM más preciso en el

marco de investigaciones médico-legales.

© 2023 Asociación Nacional de Médicos Forenses. Publicado por Elsevier España, S.L.U. Se

reservan todos los derechos, incluidos los de minería de texto y datos, entrenamiento de IA y

tecnologías similares.

Introduction

Forensic entomology, for medical–forensic purposes, studies
insects and other arthropods that arrive on a corpse.1 The
primary aim of this discipline is to study the time elapsed
since the time of death and the discovery of the body,
otherwise known as the postmortem interval (PMI).

To this end, it relies on 2 methods, the sequence of
different species and the estimation of the age of the
insects. The first is based on the known order of appearance
of the entomofauna on a decomposing body.2 The second
method involves determining the age of the various
developmental stages of the insects, particularly in the
case of the oldest individuals.3 Thus, with the information
available concerning the development of insects that are
forensically relevant, their age can be calculated and from
that, the time at which the insects colonised the body at the
onset of decomposition can be inferred.

Flies (Order: Diptera) are the first insects to colonise and
lay eggs on a corpse. Once the eggs have matured, the larvae
hatch and then consume the decomposing body tissues.
Sometime thereafter, they begin to abandon the substrate in
a process known as post-feeding dispersal,4 during which
they search for a suitable site to proceed to the next stage,
the pupal stage. During this last stage, pupae bury
themselves and remain immobile until metamorphosis is
complete and, finally, the adult emerges.5 The final
arrangement of the pupae will therefore depend on where

the larvae prefer to go once they leave the cadaver.
Understanding post-feeding larval dispersal can assist in
estimating the MPI, not least because this time frame can be
underestimated if the more advanced stages are not
collected.

Because of the ectothermy characteristic of insects,
larval dispersal is influenced by a number of environmental
variables that influence their physiology and behaviour.6

Earlier studies have explored post-feeding larval dispersal
and pupal development.7 For instance, Robinson et al.8

looked how different indoor surfaces impact the dispersal
process and larval development. They suggest that uncar-
peted environments, in contrast to carpeted surroundings,
result in delayed pupation, which is likely due to the fact
that larvae require greater energy expenditure during the
dispersal process. Singh and Bala9 conducted a study on the
dispersal distance of Calliphorid larvae (Diptera:
Calliphoridae) relative to the weight of each pupa, and
found that lighter larvae can cover greater distances.
Recently, several authors have suggested that during the
feeding and dispersal stage, larvae remain clustered to-
gether, even among individuals of different species.10–12

On the other hand, only a few studies have investigated
the final distribution of pupae taking into account environ-
mental variables. Tessmer and Meek13 evaluated the spatial
distribution of calliphorid pupae under field conditions in the
southern United States and reported differences between
seasons and soil types. Nevertheless, the effect of specific
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environmental variables on the final disposition of larvae
once they leave the corpse remains unknown. Hence, the
this work seeks to examine post-feeding dispersal of larvae
as a function of temperature, lighting, and slope of the
surface underneath the body, with the hypothesis that
larvae disperse in a cluster, depending on environmental
variables, thereby leading to a distinctive pattern of pupal
location. The ultimate goal of this study is to provide
relevant information that can optimise the collection of
entomological evidence at the crime scene by forensic
investigators and increase the precision of the MPI
estimation.

Materials and methods

To study post-feeding dispersal, larvae in the dispersal phase
were tested, as well as the final distribution of pupae. Using
baited traps, adults of Calliphoridae species (Order: Diptera)
were collected in the city of Cipolletti, Río Negro province,
Argentina (38° S, 68° W), in February 2018. After the flies
oviposited in the traps, approximately 300 eggs were
collected per treatment and placed in a 300 ml container
with 200 g of beef. This ensured a sample size of at least 50
post-feeding larvae for each experiment. All the larvae that
hatched and matured to the dispersal stage were placed in
the centre of a circular box filled with soil, where they were
allowed to disperse freely. After 1 week, all the pupae were
collected. Treatments and control were conducted in
parallel, better 19 and 26 February 2018. The response
variable was the number of pupae collected per quadrant.

The box protocol for each test consisted of a circular
expanded polystyrene base with a diameter of 50 cm,
divided into 4 quadrants (C1, C2, C3, and C4). The divisions
were made with acetate sheets. Natural soil with no added
chemicals was used as substrate to avoid altering the
treatment conditions by unknown variables (Fig. 1). To
evaluate the effect of environmental variables on the
dispersal of post-feeding larvae, four boxes were used; 1
control box and 3 boxes with the following treatments:
lighting, temperature, and the slant of the soil (Fig. 2).

For the temperature treatment condition, the tempera-
ture in C1 was increased by 5 °C relative to the remaining
quadrants. A halogen lamp with a thermostat was used,
covered with aluminium foil to prevent the box from being
influenced by light (Fig. 2A and B). The temperature
recorded on the day of the experiment was 25 °C, so the
set cut-off temperature for the thermostat was 30 °C. As for
the slope, the treatment consisted of raising the C1 box,
until a 20° slope with respect to the other quadrants (Fig. 2C
and D) was achieved. As for lighting treatment, C1 was
illuminated, leaving the other quadrants in total darkness,
covered with a cardboard lid (Fig. 2E). A white LED spotlight
was used to ensure that no heat was generated. Finally, no
modifications were made to the control box (Fig. 2F).

Data analysis

Differences in the number of pupae per quadrant for each of
the treatment conditions were analysed using a goodness-of-
fit test X2.14 The null hypothesis was that the data conform

to a uniform pattern of distribution, i.e., pupae are found in
similar numbers in all quadrants of the box.

Results

Control

A total of 243 pupae were collected in the control box,
distributed as depicted in Fig. 3. After allowing for random
dispersion, significant differences were detected between
the actual dispersion pattern and the one expected in the
quadrants of the control box (p=.098).

Temperature

All-in-all, 81 pupae were collected (Fig. 3). Significant
differences were noted between the observed and expected
frequencies. Larvae mostly chose quadrants 2 and 3 (p<.01).
There were fewer pupae in both C1 and C4, which could be
attributable to an effect caused by the heat source on the
adjacent quadrant. This would also explain the higher
number of pupae in C2 and C3.

Slope

A total of 267 pupae were collected (Fig. 3). The results
reveal significant differences between the number of pupae
observed in C1 and those in the other quadrants (p<.01).

Lighting

All together, 65 pupae were collected and distributed as per
Fig. 3. The results obtained failed to evidence significant
differences in pupae distribution in the various quadrants
(p<.41).

Discussion

The effect of environmental factors on the dispersal of post-
feeding larvae was studied in the Norpatagonian region,

Fig. 1 Diagram of the box used in the experimental design

divided into quadrants. Larvae were placed in the centre to

allow them to disperse. C = quadrant.
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Fig. 2 Photographs of the boxes used in the experiment. A) and B) temperature treatment, C) and D) tilt treatment, E) lighting

treatment, and F) control box.

Fig. 3 Relative frequency of pupae per quadrant in the control box and in the various treatment conditions. The variable is applied

to quadrant 1 (C1, blue bar) in the treatment boxes. *Significant differences between the frequencies observed and the ones

expected. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article.)
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Argentina, where there is no history of this type of study. We
found that both temperature and soil slope effect the final
distribution of pupae. On the other hand, lighting made no
significant differences. In addition, we did not detect any
pattern of larval dispersal under control conditions.

The analysis of larval dispersion with respect to temper-
ature indicated that larvae prefer less warm quadrants. This
distribution may be a consequence of an avoidant behaviour
on the part of the larvae to prevent possible dehydration,
given that the cut-off temperature set for the lamp in the
test was 30 °C. Based on earlier work, the optimal
temperature for development (i.e., the ratio of growth
rate to survival) of many species of Calliphoridae is between
20 and 25 °C.15–19 For instance, Diaz Martín et al.17 analysed
the influence of temperature on Calliphora vicina (Diptera:
Calliphoridae) under controlled conditions. The authors
found that from 30 °C onwards, development slows and the
larvae do not complete their development, dying several
weeks after they begin to migrate and becoming dehydrated
due to the heat prior to reaching the pupal stage. However,
inasmuch as the optimum temperature may vary from one
species to another, future trials should factor this variable
in. In any event, an experimental design that explores the
behaviour of the species assemblage makes it possible for
the results to be a more representative reflection of the
diversity of entomofauna collected at the scene of an
event.13

The results of the slope experiment suggest that larvae
avoided the quadrant with the steepest slope. This could be
interpreted as a way to decrease the energy expenditure of
the larvae prior to burial and to avoid reducing their reserve,
which would be a benefit at the time of pupation. Consistent
with this, Sharma et al.20 analysed burial depth under 3
controlled conditions (5, 25, and 45 cm), and found more
pupae within the first 5 cm of soil in both upward and
downward dispersal. Furthermore, they discovered that
adult emergence decreases as depth increases. Still, there
is a paucity of information concerning the effect of slope on
the process of post-feeding dispersal. Therefore, such tests
should be repeated in the future, using varying degrees of
slope so as to cover a broader range of situations compatible
with actual practice. Current protocols dictate that soil
samples be randomly collected around the body. Thus, by
complementing the data from the work by Sharma et al.20

with those generated in the present study, extremely useful
information is obtained as to where and at what depth to
look for entomological evidence at the scene, bearing in
mind the topographical characteristics of the site.

The analysis of the dispersal of larvae with changes in
light revealed that there was no preference for brighter or
darker areas. In this case, larval dispersal behaviour
appeared to be unaffected by the stimulus of artificial light
under controlled conditions. Kocarek21 investigated the
dispersal of post-feeding larvae of Calliphora vomitoria and
Lucilia caesar under natural conditions and found that they
dispersed exclusively at night, thereby minimising interac-
tions with daytime and twilight predators such as parasitoid
insects, and insectivorous birds or mammals. This apparent
discrepancy with our findings may be due to differences in
experimental conditions. Given that Kocarek21 performed
his tests under natural conditions, it is impossible to
discriminate whether the effect depends on illumination or

temperature. Consequently, dispersal at night might
also stem from a preference for dispersal at lower
temperatures. Based on our results, the lighting of a site
should not be taken into account when collecting entomo-
logical traces.

The generation of knowledge about the process of
postmortem dispersal contributes substantially to the de-
velopment of protocols for action. Such protocols should
take into account as many variables as possible that might
come into play when collecting evidence at the scene of a
suspected crime. Being familiar with dispersal patterns
based on certain variables enables investigators to reduce
search times and to infer more precisely the areas around a
corpse where postmortem larvae or pupae are most likely to
be found. The PMI may be underestimated if only larvae are
lifted from the body, or if pupae or dispersing larvae are not
collected because of lack of time or because the wrong
places are searched. Therefore, the study of Calliphoridae
larval dispersal has far-reaching implications for medico-
criminal investigations.

Funding

This work has been funded by the National Interuniversity
Council [Grant No. CIN EVC3-UNRN1925] and the National
University of Río Negro [PI (2015) 40-A-463].

Declaration of competing interest

The authors have no conflict of interests to declare.

References

1. Catts EP, Goff ML. Forensic entomology in criminal investiga-

tions. Annu Rev Entomol. 1992;37(1):253–72. https://doi.org/

10.1146/annurev.en.37.010192.001345.
2. Archer MS. Annual variation in arrival and departure times of

carrion insects at carcasses: implications for succession studies

in forensic entomology. Aust J Zool. 2004;51(6):569–76.

https://doi.org/10.1071/zo03053.
3. Wells J, Lamotte L. Estimating the postmortem interval.Forensic

Entomology: The Utility of Arthropods in Legal Investigations;

2009. p. 263–85. https://doi.org/10.1201/NOE0849392153.ch9.
4. Greenberg B. Behavior of postfeeding larvae of some

Calliphoridae and a Muscid (Diptera). Ann Entomol Soc Am.

1990;83:1210–4.

5. Amendt J, Richards CS, Campobasso CP, Zehner R, Hall MJR.
Forensic entomology: applications and limitations. For Sci Med

Pathol. 2011;7(4):379–92. https://doi.org/10.1007/s12024-

010-9209-2.

6. Speight MR, Hunter MD, Watt AD. Ecology of insects: concepts
and applications. Ecol Insects Concepts Appl. 1999 Published

online 1999. [consulted 3 Jul 2023]. Available in: https://www.

cabdirect.org/cabdirect/abstract/19991111671.
7. Gomes L, Godoy WAC, Von Zuben CJ. A review of postfeeding

larval dispersal in blowflies: implications for forensic entomol-

ogy. Naturwissenschaften. 2006;93(5):207–15. https://doi.org/

10.1007/s00114-006-0082-5.
8. Robinson LA, Bryson D, Bulling MT, Sparks N, Wellard KS. Post-

feeding activity of Lucilia sericata (Diptera: Calliphoridae) on

common domestic indoor surfaces and its effect on develop-

ment. Forensic Sci Int. 2018;286:177–84. https://doi.org/10.
1016/j.forsciint.2018.03.010.

Revista Española de Medicina Legal 50 (2024) 107–112

111

https://doi.org/10.1146/annurev.en.37.010192.001345
https://doi.org/10.1146/annurev.en.37.010192.001345
mailto:pereira.ana@conicet.gov.ar
https://doi.org/10.1201/NOE0849392153.ch9
http://refhub.elsevier.com/S2445-4249(24)00032-3/rf0020
http://refhub.elsevier.com/S2445-4249(24)00032-3/rf0020
http://refhub.elsevier.com/S2445-4249(24)00032-3/rf0020
https://doi.org/10.1007/s12024-010-9209-2
https://doi.org/10.1007/s12024-010-9209-2
https://www.cabdirect.org/cabdirect/abstract/19991111671
https://www.cabdirect.org/cabdirect/abstract/19991111671
https://doi.org/10.1007/s00114-006-0082-5
https://doi.org/10.1007/s00114-006-0082-5
https://doi.org/10.1016/j.forsciint.2018.03.010
https://doi.org/10.1016/j.forsciint.2018.03.010


9. Singh D, Bala D. Studies on larval dispersal in two species of

blow flies (Diptera: Calliphoridae). J Forensic Res. 2010;1(1):

1000102. https://doi.org/10.4172/2157-7145.1000102.
10. Lashley MA, Jordan HR, Tomberlin JK, Barton BT. Indirect

effects of larval dispersal following mass mortality events.

Ecology. 2018;99(2):491–3.

11. Fouche Q, Charabidze D, Lucas C. Synomones in necrophagous
larvae of the blow flies Lucilia sericata and Calliphora

vomitoria. Med Vet Entomol. 2022;37:170–5.

12. Charabidze D, Aubernon C. Aggregation in an heterospecific

population of blowfly larvae: social behaviour is impacted by
species-specific thermal requirements and settlement order.

Philos Trans R Soc B Biol Sci. 1878;2023(378):20220098. https://

doi.org/10.1098/rstb.2022.0098.

13. Tessmer JW, Meek CL. Dispersal and distribution of
Calliphoridae (Diptera) immatures from animal carcasses in

southern Louisiana. J Med Entomol. 1996;33(4):665–9. https://

doi.org/10.1093/jmedent/33.4.665.
14. Plackett RL. Karl Pearson and the chi-squared test. Int Stat Rev.

1983;51:59–72. https://doi.org/10.2307/1402731.

15. Reiter C. Zum Wachstumsverhalten der Maden der blauen

Schmeißfliege Calliphora vicina. Z Rechtsmed. 1984;91:295–
308. https://doi.org/10.1007/BF02332323.

16. Voss SC, Cook DF, Hung WF, et al. Survival and development of

the forensically important blow fly, Calliphora varifrons

(Diptera: Calliphoridae) at constant temperatures. For Sci Med

Pathol. 2014;10:314–21. https://doi.org/10.1007/s12024-014-

9565-4.

17. Díaz Martin B, López Rodriguez A, Saloña Bordas MI. Primeros
resultados sobre desarrollo de Calliphora vicina (Diptera:

calliphoridae) bajo condiciones controladas de temperatura.

Ciencia Forense. 2014;11:241–60.

18. Kotzé Z, Villet MH, Weldon CW. Heat accumulation and
development rate of massed maggots of the sheep blowfly,

Lucilia cuprina (Diptera: Calliphoridae). J Insect Physiol.

2016;95:98–104. https://doi.org/10.1016/j.jinsphys.2016.

09.009.
19. Okpara P, Van Laerhoven S. Density,temperature, and

comingled species ffect Fitness within Carrion Communities:

Coexistence in Phormia regina and Lucilia sericata (Diptera:

Calliphoridae). Insects. 2023;14:139. https://doi.org/10.3390/
insects14020139.

20. Sharma A, Sayed S, Bala M, Kmet J, Horvath M. Study on

ascending and descending vertical dispersal behavior of third
instar larvae of Chrysomya megacephala (Fabricius) (Diptera:

Calliphoridae): an evidence that blowflies survive burial. Saudi

J Biol Sci. 2021;28(6):3176–82. https://doi.org/10.1016/j.sjbs.

2021.03.062.
21. Kočárek P. Diurnal patterns of postfeeding larval dispersal in

carrion blowflies (Diptera: Calliphoridae). Eur J Entomol.

2001;98(1):117–9. https://doi.org/10.14411/eje.2001.019.

J.C. Lavezzo, A.J. Pereira, and M. Béguelin

112

https://doi.org/10.4172/2157-7145.1000102
http://refhub.elsevier.com/S2445-4249(24)00032-3/rf0050
http://refhub.elsevier.com/S2445-4249(24)00032-3/rf0050
http://refhub.elsevier.com/S2445-4249(24)00032-3/rf0050
http://refhub.elsevier.com/S2445-4249(24)00032-3/rf0055
http://refhub.elsevier.com/S2445-4249(24)00032-3/rf0055
http://refhub.elsevier.com/S2445-4249(24)00032-3/rf0055
https://doi.org/10.1098/rstb.2022.0098
https://doi.org/10.1098/rstb.2022.0098
https://doi.org/10.1093/jmedent/33.4.665
https://doi.org/10.1093/jmedent/33.4.665
https://doi.org/10.2307/1402731
https://doi.org/10.1007/BF02332323
https://doi.org/10.1007/s12024-014-9565-4
https://doi.org/10.1007/s12024-014-9565-4
http://refhub.elsevier.com/S2445-4249(24)00032-3/rf0085
http://refhub.elsevier.com/S2445-4249(24)00032-3/rf0085
http://refhub.elsevier.com/S2445-4249(24)00032-3/rf0085
http://refhub.elsevier.com/S2445-4249(24)00032-3/rf0085
https://doi.org/10.1016/j.jinsphys.2016.09.009
https://doi.org/10.1016/j.jinsphys.2016.09.009
https://doi.org/10.3390/insects14020139
https://doi.org/10.3390/insects14020139
https://doi.org/10.1016/j.sjbs.2021.03.062
https://doi.org/10.1016/j.sjbs.2021.03.062
https://doi.org/10.14411/eje.2001.019

	Spatial dispersion of post-feeding larvae of forensically important flies: Implications for medicolegal investigation
	Introduction
	Materials and methods
	Data analysis

	Results
	Control
	Temperature
	Slope
	Lighting

	Discussion
	Funding
	Declaration of competing interest
	References


