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a corpse is discovered. However, it is rarely applied in aquatic envir- KEYWORDS
onments because knowledge is scarce and fragmented. This paper Forensic entomology;
summarizes the information available and contributes to the knowl- limnology; Chironomidae;
edge on Chironomidae in forensic cases by reporting on two human Cricotopus sp;
forensic cases from contrasting freshwater environments in which Goeldichironomus
Cricotopus sp. and Goeldichironomus holoprasinus larvae were found. holoprasinus

It discusses the advantages and limitations of using Chironomidae in

forensic investigations to establish the postmortem submersion

interval (PMSI) and other relevant information that they may provide

about possible shifts in the location of the corpses. Because of the

lack of basic biological data on these species, conclusions cannot be

drawn about time of death. We highlight the need for further studies,

mainly on basic biological information, to support Chironomidae as

useful tool for aquatic forensic cases.

Introduction

Forensic entomology is a useful criminalistic tool for determining the circumstances and
date of death by analysing carrion insects and other associated arthropods. There is solid
information supporting the use of forensic entomology in terrestrial environments.
Sarcosaprophagous terrestrial arthropods, mainly Diptera and Coleoptera, colonize the
corpse sequentially in a predictable ecological succession directly related to trophic
requirements and body decomposition. This enables the approximate date of death or
postmortem interval (PMI) to be inferred and provides information on the stage of decay,
season of the year in which the death occurred and possible shifts in location of corpses'~.

Death by accidental drowning, suicide, natural disasters or even murder occurs fre-
quently around the world, with about 360,000 drowned persons every year®. In contrast to
terrestrial cases, aquatic deaths are often more difficult to study using forensic entomol-
ogy, mainly because available knowledge is scarce and fragmented. A further drawback in
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the use of this discipline in aquatic environments is that aquatic insects feed on algae,
decaying plant matter or preys, or parasitize other organisms, but no truly necrophagous
aquatic insect has been reported. Nevertheless, facultative necrophagy should not be
ruled out, because Trichoptera larvae have been reported feeding on dead squawfish*>.
In addition, difficulties to conduct experimental studies underwater and the small number
of previous forensic case reports on submerged human bodies, still limit the application of
aquatic entomology as a useful tool for criminalistics®.

Five decomposition phases have been described under experimental conditions on pig
carrion under water: submerged fresh, early floating, early floating decay, advanced
floating decay and sunken remains®’. Temperature, water chemistry, water flow, corpse
condition and covering, as well the presence of flora and fauna, have a strong influence
on the types and rates of decomposition processes®.

Date of death based on postmortem changes and rates of decomposition needs to be
estimated with careful consideration because these processes are generally slower and
more disturbed under water than in the air®. The effort to estimate the postmortem
submersion interval (PMSI) - the interval from the time when the body enters the water
to the time of its discovery - or to infer a possible movement of the body or cause of death
has been increasing recently (e.g. °). For example, the sum of the average daily temperatures
to which a body is exposed, expressed in accumulated degree days, in combination with the
measurement of total aquatic decomposition, has been used to estimate the PMSI'®. The
study of the benthic organisms associated to corpses also provides relevant information for
estimating the PMSI. For such purpose, some studies conducted under experimental con-
ditions by submerging pig''~'* or rat carcases'>'®, provided information on macroinverte-
brate assemblages, colonization patterns and functional feeding group composition.
Additional information from forensic reports describing the aquatic biota associated to
human corpses has been reported in®'"~%°,

In particular, insects with aquatic or semi-aquatic stages which can be associated with
corpses could provide relevant information in investigations of death scenarios. Among
insects, the most important are Ephemeroptera, Plecoptera, Trichoptera and the dipterans
Chironomidae and Simuliidae?'. However, their use should be undertaken considering
that the development of the community is highly dependent on available colonizers,
body size, season of immersion, water temperature, acidity, current speed and depthé.

Members of the family Chironomidae inhabit an enormous variety of aquatic ecosys-
tems, from moist soils to pools in tree-holes, and from low-oxygen lake sediments to fast-
flowing mountain streams, and frequently dominate aquatic insect communities in both
abundance and species richness*?. Most of them deposit their eggs on firm substrata such
as macrophytes, and the egg masses and young larvae drift. The first larval instar is
generally planktonic and disperses passively, while advanced instars are commonly
benthic and disperse actively or passively®>.

The purpose of this paper is to report two human forensic cases from contrasting
freshwater environments in which only chironomid larvae were found as associated
fauna. It analyzes the biological information on the Cricotopus sp. and Goeldichironomus
holoprasinus Goeldi specimens collected in each case, their correlation with the data
recorded during the autopsy, the type of aquatic environment where the corpses were
found, and the possible shift in location of the corpse, and discusses the advantages and
limitations in the use of Chironomidae in forensic investigations. It is important to
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emphasize the need for further studies to support Chironomidae as useful tool for aquatic
forensic cases.

Material and methods
Study area

The cases described in the present study are based on corpses found in Buenos Aires
Province, Argentina. This area belongs to the Biogeographic Pampean District of the
Neotropical Region®®. It is a vast grassy plain covering the central area of Argentina,
with temperate humid climate, mean annual temperature 16°C, maximum rainfall mainly
occurring in spring and autumn, with annual mean precipitation 600-1200 mm. The
natural vegetation in this region is grassland, with no natural perennial plants except
Celtis tala Gill. ex Planch and Salix humboldtiana Willd., which grow in isolated areas with
specific soil conditions®*. Any forested areas consist of introduced species.

In the Pampean region, sinuous streams flow across fertile soils formed by Quaternary loess
deposition containing large amounts of clay in the B horizon and plentiful organic matter in
the upper layers®®. These streams generally present brownish water due to the high levels of
suspended solids, silty sediment in the benthos, lack of riparian forest vegetation, high
nutrient levels, development of rich, dense macrophyte communities, and low current
velocities due to the very gentle slope of the surrounding terrain. The water in Pampean
streams has alkaline pH, high conductivity, elevated dissolved oxygen and nutrient concen-
trations, and relatively high concentration of dissolved phosphorus and nitrates®.

Description of cases

Case 1.

A corpse of a man 1.70 m tall, weighing about 95 kg, was discovered in spring in an
asynanthropic area in a Pampean stream. The corpse was found 3 m away from the shore,
floating in supine position, dressed, with no signs of external violence, with most of its
surface covered in silty sediments. In the discovery area, stream width varies from 12 to
20 m, and no floating macrophytes were present at the time of discovery. When the body
was found, water temperature was 17°C, with an average of 18.7°C (14.2°C-19.7°C) over
the previous week, without rains, and relative humidity was about 62.6%.

The disappearance had been reported 7 days before the body was found. The autopsy
reported that death had occurred 3 to 5 days prior to discovery of the body. According to
the decomposition stages described in'"'", the corpse was in the initial putrefactive phase,
in the early floating stage of decay, with distended abdomen projected above the water.
Case 2.

The corpse of a man 1.80 m tall, weighing about 60 kg, was discovered in winter in
a hemisynanthropic area covered in dense forest near Lujan City. It was found at the
bottom of an uncovered inspection pit with an opening of 0.75 x 0.75 m and 1.70 m deep,
with the bottom containing a little wastewater and rainwater, mud, tree leaves and
garbage. The temperature during the months prior to discovery had been slightly higher
than the mean value for the area, averaging 14.3°C (11.2°C-18.3°C), average precipitation
was 54.3 mm, and average relative humidity 71.9%. The corpse was partially submerged,
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in prone position, dressed and covered by tree leaves. According to decomposition stages
described in'""'", the corpse showed an advance stage of decay, colliquative with indivi-
dualized organs phase, with no sign of violent death. According to the autopsy, death
presumably occurred 45 days prior to discovery.

Methodology

The entomological evidence was collected from the corpses at the place of discovery with
fine-tipped tweezers and fixed in 70% ethanol. Permanent microscope slides were pre-
pared by clearing specimens with 10% KOH; neutralizing with glacial acetic acid; dehy-
drating in 80%, 96% and 100% ethanol and mounting in Canada Balsam, following®’.
External features were observed under microscope (Leica DM1000) and photographed
(Leica DFC290) for morphological identification. The specimens were identified based on
specialized literature?’?® and housed in the ILPLA collection (Instituto de Limnologia
‘Dr Raul A. Ringuelet’, La Plata, Buenos Aires, Argentina).

Results
Entomological findings

Cricotopus sp. (Orthocladiinae: Orthocladiini) (Figure 1) (n = 41). Larvae were collected
from the cadaver discovered in the Pampean stream. According to the size and presence
of preimaginal structures in the larger larvae, they were identified as fourth stage larvae,
and smaller, third stage larvae were also found.

Biological considerations

The genus Cricotopus is highly diverse and widely distributed®®>°. Cricotopus species have
been recorded in environments ranging from lotic waters such as pristine streams in
upland tropical rainforest, to highly degraded coastal streams and manmade urban
drainages. The in-stream microhabitat used by the Cricotopus species varies from sand
beds to submerged vegetation, or algal and cyanophyte colonies®°. In Argentina, this
genus has been found in streams ranging from fast-flowing mountain streams©9 3" to
slow-flowing Pampean streams ©9- 32,

Goeldichironomus holoprasinus (Chironominae: Chironomini) (Figure 2) (n = 21). Larvae
were collected from the corpse found in an inspection pit. According to the size and
presence of preimaginal structures in the larger larvae, they were identified as fourth
stage larvae, and smaller second and third stage larvae were also found.

Biological considerations

The genus Goeldichironomus occurs mainly in the tropics and subtropics of Central and
South America®. The species collected in the second case, G. holoprasinus, is one of the
most abundant and widespread species of chironomid reported in man-made and natural
systems. It occurs mainly in small standing water bodies, organically enriched and depleted
of oxygen, and is commonly a pioneer species which often invades temporary water
bodies®”. It may also occur in sediments, in or on plants and in floating mats of vegetation
and wood, under conditions ranging from oligotrophic to hypereutrophic?’>*. The species
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Figure 1. Cricotopus sp. (a), entire larva, (b) head, ventral view, (c) details of the anterior region of the
head, ventral view. sl: labral seta 1; m: mentum. Scale bars: (a) = 500 um; (b) = 100 um; (c) = 50 pm.

has been reared under laboratory conditions at room temperature (18-33°C) in an average
of 18 days (16-20) from the time of oviposition to the emergence of the adults*>.

Discussion and conclusion

Some of the most relevant questions faced by the forensic sciences are those related to
the time of death and whether the death occurred at the site where the body was found
or the corpse was moved. In the aquatic environment, the degree of decomposition and
other features of the corpse, as well as its position in the water column, provide important
information to attempt to answer these questions. Studies on human corpses have shown
that a body can be expected to rise to the surface within a few days (2 days in summer),
whereas at cold or near-freezing water temperatures, resurfacing of the body can be
delayed for several weeks (2 or 3 weeks in winter) to several months®.

Chironomid immatures are considered of particular interest in forensic investigations
because they inhabit diverse aquatic habitats, are commonly present at high densities,
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Figure 2. Goeldichironomus holoprasinus (a) entire larva, (b) details of the two pairs of posterior ventral
tubules, the first one forked (c) details of the anterior region of the head, ventral view, (d) mandible,
lateral view; si: seta interna; ss: large seta subdentalis, toothed along its inner margin; vp: ventro-
mental plates, closed medially; vt: ventral tubules. Scale bars: (a) = 500 um; (b) = 200 pm; (c) = 100 um;
(d) =50 um.

and are able to colonize submerged carcases in a short period of time, seeking food and
shelter'>'>"®, Moreover, they are good environmental indicators because they have
specific requirements of temperature, pH, oxygen concentrations, pollution, salinity,
depth and current velocity®®. Due to these specific requirements, chironomid assem-
blages can differ between aquatic habitats, even in zones within the same environment®’.

Chironomids are therefore good indicators of the submersion of corpses'’*® and
provide relevant information that can help elucidate where the death occurred. They
could also provide valuable evidence of possible changes in the location of the body
during decay (floating and sunken stages), as well as other movements produced by the
water, such as whether the corpse was on the shore and later swept up in the current'”.
Finally, in some instances, they can provide information about intentional transfer of
corpses®?’.

The collector-gatherer chironomids, which feed on fine particulate matter derived
from the natural decay of organic matter and from the biofilm formed on corpses, are not
actively involved in the decay of a body. According to studies conducted under experi-
mental conditions,’” as well as based on human forensic cases,®° chironomids have been
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considered helpful as indicators of the PMSI, because their larvae are not affected by the
activity of postmortem scavengers in the submerged corpse. Contrarily, Barrios and
Wolff'* cast doubt on the usefulness of chironomids because they are not associated to
any specific stage of decay and can reach the body at different instars.

Therefore, we consider that chironomids as entomological evidence to establish the
PMSI should be used with great caution. Each forensic case should be analysed consider-
ing the knowledge of the specific life cycles carried out under controlled laboratory
conditions similar to those present in the water body where the corpse was found. The
place where the body was removed should be studied in detail to rule out the possibility
of cross-contamination, i.e. larvae that may have developed on the substrate before the
body contact with the water, in accordance with'.

The corpse in the first case report in the present study was found in an early floating
phase in the forensic scenario. This stage of decay agrees with the autopsy information.
Moreover, the absence of terrestrial fauna such as necrophagous dipterans and coleop-
terans, which typically colonize emerged surfaces, enabled us to corroborate the stage of
decay. Estimated time of death (3 to 5 days previously, according to the autopsy report) is
within the range reported in previous studies regarding the time a corpse takes to float in
the same season under similar environmental conditions (e.g. *°).

Chironomids probably reached the body in advanced larval stage, either passively by
drifting or when the corpse contacted the benthos, as well as by active movements of the
larvae. Although in our study, the presence of Cricotopus sp. larvae was not useful for
estimating the PMSI, it supports the found scene in the stream, where immatures of this
genus naturally inhabit. In conclusion, the sediment and biofilm covering the corpse, as
well as the chironomid larvae and the absence of aerial fauna allow us to confirm that the
body had remained submerged and would not have been transferred or moved since it
entered the stream.

In the second case reported, according to the advanced decomposition stage of the
corpse, the PMI provided by medical autopsy was higher than 45 days. Because the
uncovered inspection pit received wastewater, rainwater, dust and tree leaves, the
water level varied daily, and the body was discovered when it was partially submerged
in the bottom. In this case, the G. holoprasinus larvae collected might have been growing
in the sediment of the inspection pit and contacted the body. Larvae use the body as
a substrate to establish themselves and a place to find food. No relevant assumption can
be made regarding the age of the larvae, since it is not known when they contacted the
corpse. Based on the entomological evidence obtained by experts in the autopsy, we infer
that the absence of terrestrial fauna could be due to the body having been cyclically
covered and washed by wastewater. Therefore, the presence of G. holoprasinus in this
type of environment, organically enriched and depleted in oxygen, as well as the absence
of terrestrial fauna, would be taken as evidence that the body remained in that place and
was cyclically covered and washed by wastewater. Any shift in the location of the corpse
since it entered this environment could thus be ruled out.

This contribution is the first report of both genera associated to human corpses in
forensic cases, considering that Cricotopus sp. larvae have previously been reported only
in association with rat carcases from streams'>. We point out that both genera provide
novel information regarding the structure of the insect community associated to dead
bodies in submerged contexts and could therefore be used as biological evidence in court
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cases involving submersed and/or floating human remains. However, further studies are
required for specific identification and laboratory rearing to learn about the life cycle of
the chironomids in different aquatic conditions. The results will enable inferences to be
made about the activity of these taxa during the submerged instances in order to know
when and in which larval instar they reach the corpses, and to estimate the postmortem
submersion interval (PMSI). These reports of chironomids recorded in forensic situations
in Argentina begin a new area of basic research, providing new information which would
be useful in resolving criminal investigations. However, we emphasize the need for further
studies on the biology of Chironomidae species in forensic cases to enable dipterans to be
widely used as a tool for aquatic forensic cases.
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