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ABSTRACT

ARTICLE HISTORY

Fungi are increasingly being used in criminal investigations as a
source of data for crime scene and can be proposed as a forensic
tool. There are very few forensic investigators trained in this discipline, which justifies the small amount of published data and
most justice professionals are not aware of the contribution of
fungi to these investigations. A wide variety of techniques derived
from biology are used by forensic investigators to study the
changes in the corpse and in the ground where the corpse
decomposition occurs in order to solve a crime or find clandestine burials. We review the data available on the use of mycological evidence in criminal cases and as proofs before the justice.
The first uses of fungi as evidence were restricted to cases associated with poisonous or psychotropic species. Currently, the
objective of forensic mycology is to date the post-mortem and
post-burial intervals using information from the fungal community
found on the corpse surface or in the environment associated
with a clandestine burial. The use of fungi as a forensic tool in different parts of the world has aroused the interest of forensic
investigators, such as the members of the different Law
Enforcements who deal with solving criminal cases.
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RÉSUMÉ

Les champignons sont de plus en plus utilisés dans les enquêtes
criminelles comme source de données à une scène de crime et
peuvent être considérés comme un outil judiciaire. Comme il y a
très peu d’enquêteurs judiciaires formés dans ce domaine, ce qui
expliquent le peu de données publiées, la plupart des professionnels de la justice ne sont pas au courant de la contribution des
champignons dans ces enquêtes. Un nombre varié de techniques
dérivées de la biologie sont utilisées par les enquêteurs judiciaires
pour étudier les changements d’un cadavre et du sol où le cadavre se décompose, afin de résoudre un crime ou de trouver des
sites d’enterrement clandestins. Nous faisons une revue des
données disponibles sur l’utilisation des éléments de preuve
mycologiques dans les dossiers criminels. Les premières utilisations des champignons comme éléments de preuve furent
restreintes aux dossiers associés aux espèces vénéneuses ou psychotropes. De nos jours, l’objectif de la mycologie judiciaire est
de déterminer l’intervalle post-mortem et post-enterrement en
utilisant les données des communautés de champignons trouvées
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sur la surface du cadavre et dans l’environnement autour du site
d’un enterrement clandestin. L’utilisation des champignons
comme outil judiciaire dans différentes parties du monde a
suscité l’intérêt des enquêteurs judiciaires tels les membres de
différents organismes d’application de la loi qui s’occupent de
résoudre des enquêtes criminelles.

Introduction
In murder cases, it is common to find the corpse in a clandestine burial experiencing cadaveric decomposition. A criminal act leads to a legal investigation in which the evidence is not
always clear enough to establish whether the cause of unnatural death was due to suicide,
homicide or fatal accident. The estimation of the post-mortem interval (PMI), especially in
cases in which there are no witnesses, is crucial for the investigation process [1, 2].
When forensic-specialized researchers need to solve a crime or find a clandestine
burial, they employ a wide variety of techniques to study the changes in both the
corpse and the soil where the corpse decomposition occurs. These techniques come
from different disciplines such as entomology, genetics, botany, soil microbiology,
archaeology, palynology, taphonomy, geology, and mycology [1].
The main objective of forensic taphonomy is to study the environmental conditions that influence the corpse decomposition, in order to estimate the post-mortem
interval and determine the cause and form of death. This discipline has proposed the
use of fungi as an additional forensic tool [3, 4]. Thus, the term Forensic Mycology
refers to the use of fungi as probative evidence aimed at helping the resolution of
cases with a judicial intervention [3]. One objective in this area of forensic sciences is
to date post-mortem and post-burial intervals through the fungal community developed on the corpse surface or in the environment associated with a clandestine burial. The study of fungal species collected from both the corpse and the soil in contact
with a decomposing corpse can contribute to estimates of PMI [3, 5, 6].

Justification
Until recently, the use of fungi as evidence in criminal cases and as proof before the
court of justice was restricted to cases associated with poisonous or psychotropic species. However, in recent years, the presence of fungi has been increasingly used as
forensic evidence [6, 7].
Mycology is the branch of biology concerned with the study of all fungal groups,
such
as Chytridiomycota, Mucoromycota, Zoopagomycota, Ascomycota,
Basidiomycota and anamorphic fungi [8]. The term fungi refers to eukaryotic and
heterotrophic microorganisms, with chitin in their cell walls, and they include the
commonly called moulds, yeasts, and mushrooms.
Fungi can be associated with other organisms as pathogens (i.e. when the fungus
cause disease to the host), commensals (i.e. when one member gain benefits while the
other is neither benefit or harmed), mutualists (i.e. both members are benefited by
the association), or saprotrophs (i.e. which decompose organic matter [9]
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Fungi can have spores of both sexual and asexual origin in their life cycle, which
are used as dispersion agents. Spore dispersion, either individually or in masses, can
be passive (by seeds, insects, wood pieces, herbivore faeces, raindrops, etc.) or active
(e.g. Pilobolus) [9]. Spores are useful for taxonomic characterization and even identification up to the species level. In addition, they can be indicative of specific habitats,
as they are often secondary indicators of plant species [10]. Although their taphonomy is complex, there is evidence that most of them fall very close to where the
fungi reproduce, so they can indicate a specific environment [11, 12].

Fungi as evidence in adjudicated cases
Surfaces of materials such as soil, sediments, fabrics, plastics, and vegetation might be
possible sources of palynomorph structures. For instance, mushroom spores can be
transported through direct contact and such surfaces might be the source of mycological evidence, providing trace evidence in situations where other types of evidence
are scarce or absent [13].
The growth ability of a fungus depends on the existence of an adequate nutrient
supply. To search for fungal species in field studies, mycologists use their own experience and employ soil and vegetation sampling techniques. These techniques can be
used to obtain forensic samples of palynomorphs that can provide evidence of a species, even of those that are extraordinarily rare [2, 4].
There are few published cases that report fungi as a trace of evidence in the crime
scene. One example is a case in which the corpse was thrown into a nettle (Urtica
dioica L.) bed. According to Ellis & Ellis [14, 15], there are 17 species of nettle-related
fungi. Spores of Periconia sp. and Torula herbarum (Pers.) Link were found in
palynological preparations of the crime scene and also in the suspect’s car. This ecological and palynological information showed evidence of a link between the suspect
and the place where the corpse was deposited [4].
Another published case corresponds to a homicide in which the suspect hid the
corpse in a grove in Romford, Essex (United Kingdom). The pollen assembly of
the crime scene was very similar to that associated with the items confiscated from
the suspect and the victim. Spores of Pestalotiopsis funerea (Desm.) Steyaert, a pathogenic fungus of cypress, were part of the set of palynomorphs. In addition, spores of
Endophragmiella sp. were found in the litter and in the vehicle used during the
escape. In this case, the spores of the fungi provided additional information of great
value for the court because the palynological profiles of the control samples and those
collected for evidence search were similar [16].
Fungi are generally scarcely represented in palynological preparations, and therefore, the finding of rare spores increases the value of this kind of evidence [10].

Fungi and post-mortem intervals
The potential value of fungi observed during medical autopsies has rarely been considered by investigators. Fungi have traditionally been considered non-specialized
organisms without medical relevance, which only colonize and break down the corpse
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Figure 1. Photograph taken at the samples collection moment. (A) Cadaver PMI 4 months, evident
fungal growth. (B) Cadaver PMI 72 h, without fungal growth.

tissues after death [17] commented that soil fungi could be involved in the surface of
the body). Although there is still little information about the role of fungi in the
decomposition of human corpses [18, 19], there is a remarkable growing effort of
investigators to elucidate the role of these organisms in the process. Consequently, in
recent years, the number of publications in forensic mycology has increased slightly
[20]. Although healthy humans might have fungal infections, the species involved are
usually specialized, tolerant to human body temperature and capable of evading the
immune system. Common infections range from dermatophytes that parasitize the
skin, hair, and nail surfaces, to invasive infections, such as candidiasis or aspergillosis,
which can be developed in different tissues [21–23]; Sakkudo and Knight [24] provided crucial information for forensic pathology, documenting a case of extensive
fungal growth six weeks after death. Dolinak et al. [25] also evidenced fungal development after months in an embalmed corpse. van de Voorde and van Dijck [26]
were the first investigators to highlight the key role of fungal growth in determining
the time of corpse death. These authors isolated fungi from the skin of a woman
found dead in a room in Belgium and incubated the material at the same temperature
as the corpse found. They measured the diameter of the fungal colonies daily and evidenced that the woman had died at least 18 days before the discovery, which agreed
exactly with the subsequent confession of the murderer. The fungi involved in this
case were Cladosporium sp., Fusarium sp., Geotrichum candidum Link,
Hormodendrum sp., Mortierella sp., and Penicillium chrysogenum Thom.
Subsequently, Ishii et al. [27] identified Aspergillus chevalieri Thom and Church,
A. repens (Corda) Sacc, A. rubrum (Jos. K€
onig, E. Spieckermann & W. Bremer)
Thom and Church, and Gliocladium sp. (most likely a Clonostachys sp.) on the surface of a mummified corpse found in an abandoned house and on skeletal remains
discovered in a forest. The mycological data obtained agreed with the results of the
corresponding autopsies, supporting the authors’ claim that fungi "can reveal
local habitats”.
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Another case in which fungi had a fundamental role as forensic evidence was the
finding of a corpse in a pipe system in London, UK. The post-mortem interval, initially underestimated by the low temperatures, absence of insects and scavengers,
could finally be determined using mycological evidence [28].
In 2009, the Scottish police studied a homicide in a confined place that had no
cadaverous wildlife activity [29]. The fungal cultures isolated from the furniture, the
experimental recreation of moisture conditions with at least 95% relative humidity
[30], and the analysis of the colony growth allowed the determination of the date of
death. The main species involved were Mucor plumbeus Bonord, Penicillium brevicompactum Dierckx, and P. citrinum Thom.
More recently, studies in forensic mycology have been initiated in South America,
with the aim of providing information about the fungal species involved in corpse
decomposition in the southern hemisphere. In Argentina, the first steps in the study
of fungal diversity on corpses with different post-mortem intervals have been taken.
A good example is a corpse (Figure 1A) found supine, with a remarkable state of
decomposition and evident fungal growth on its entire surface, which was enclosed in
a room at a temperature between 8 and 17  C. The autopsy indicated that the death
was due to natural causes (cardiac arrest) and, according to the police investigation,
the PMI was months. Another example is a corpse (Figure 1B) found supine on the
floor of a building under construction, at a mean temperature of 12  C, approximately
20 h (PMI) after the report of the victim’s disappearance. The autopsy determined
that the cause of death was skull fracture [6]. Colonies of Chrysosporium merdarium
(Link) J.W. Carmich, Cladosporium cladosporioides (Fresenius) de Vries, Arthrinium
arundinis (Corda) Dyko and B. Sutton, Microascus brevicaulis Abbott, Aspergillus
niger Tiegh., A. terreus Thom, Candida guilliermondii (Castell.) Langeron and Guerra
(Saccharomycetes; Saccharomicetaceae), and Candida lipolytica (F.C. Harrison)
Diddens and Lodder were isolated from the corpse in Figure 1A, whereas only A. terreus, A. niger, and C. guilliermondii were isolated from the corpse in Figure 1B. This
study contributed with valuable information to the few previous reports in forensic
mycology, being the first reference of Chrysosporium merdarium, C. cladosporioides,
Arthrinium arundinis, and Candida lipolytica associated with human corpses. The
fungi isolated from the corpse in Figure 1A evidenced the fungal biota that can be
developed in human corpses with a PMI of four months during the autumn-winter
in Buenos Aires province, Argentina. According to Hawksworth and Wiltshire [4],
fungi can colonize the corpse between three and seven days after death. Therefore,
the fungal biota isolated from the corpse in Figure 1B indicated a PMI of less than
72 h. The results obtained by Tranchida et al. [6] are the first fungal records obtained
from corpses in Argentina and, therefore, have not yet been used to solve cases.
However, they contributed to previous results about the fungal biota on corpses published by Sidrim et al. [31] in Brazil, and are two of the few studies published in
Latin America.
Fungal colonies on or associated with human corpses might indicate the time of
death since there is information available on the growth rates of many fungal species.
However, the reliability of any estimate depends on the accuracy of identification of
the fungal species, the corpse’s storage method, and the availability of environmental
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Figure 2. Photograph taken at the discovery of human remains moment. (A) Human remains in an
advanced stage of decomposition. (B) Site where the soil sample was taken for study.

data such as temperature and humidity at the corpse location. There is still little
accurate data on real fungal growth rates in dead human tissues, especially under different temperature and humidity conditions [2].

Fungi and corpse location
The burial of human corpses in natural and semi-natural environments occurs mostly
as an attempt to hide criminal evidence. Consequently, the ability to locate clandestine graves is one of the most important tasks of the investigation process [1].
Carter and Tibbett [3] were the first who attempted to simulate the contribution of
nitrogen compounds that a decomposing human corpse would make to forest soils.
These authors distinguished two heterogeneous fungal groups during the succession:
the "nitrogen fungi", which appear at an early-successional stage and sporulate one to
10 months after the incorporation of nitrogen into the soil (e.g. anamorphic fungi,
Ascomycetes, and saprotrophic Basidiomycetes); and the "post-rot fungi", which sporulate one to four years after the nitrogen supply (e.g. ectomycorrhizal Basidiomycetes).
Sagara, Carter &Tibbett, and Tibbett and Carter [3, 32, 33] highlighted the potential of fungi for the detection of burial sites. Subsequently, Parkinson et al. [34] compared the changes in the soil fungal communities in response to the surface
decomposition of a human corpse and found significantly different fungi between
control and corpse samples. Unfortunately, these authors did not analyse the fungal
succession in the soil under the decomposing corpse and the members of the fungal
community developed were not identified up to species level.
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Tranchida et al. [5] determined the post-burial interval of a corpse, after the disappearance of an individual reported to the local police. The corpse was found in a field of
Buenos Aires province (Figure 2A and B), 24 days after the report of his disappearance.
Data about vegetation, weather conditions, and differences in the species composition of
the fungal community between samples collected from the soil under the corpse and
from control sites at the time of the discovery, allowed the estimation of the date of death.
The authors identified Aspergillus cejpii (Milko) Samson, Varga, Visagie & Houbraken,
Talaromyces trachyspermus (Shear) Sotolk and Samson, T. udagawae Stolk and Samson,
T. flavus (Kl€
ocker) Sotolk and Samson, Penicillium restrictum J.C. Gilman and E.V.
Abbott, P. purpurescens (Sopp) Raper and Thom, and P. frequentans Westling from soil
samples under the corpse, whereas Mucor hiemalis Wehmer, Mortierella sp., Absidia sp.,
P. frequentans, Purpureocillium lilacinum (Thom) Luannsa-ard, Houbraken Hywel-Jones
and Samson, Trichoderma koningii Oudem, Fusarium oxysporum Schltdl, Clonostachys
rosea (Link) Schroers, Samuels, Seifert and W. Gams, Aspergillus terreus Thom,
Aspergillus sp., and Penicillium sp. were recovered from the control samples. According
to the classification of fungal groups based on their nitrogen contribution to the soil [3]
and to Sagara [32] and Fukiharu & Hongo [35], the species found under the corpse corresponded to early-stage or “nitrogen” fungi and the presence of fruiting bodies indicate a
corpse post-burial period of 25 days.
Today there is slow but considerable progress on the application of fungi for the
detection of clandestine graves. On the other hand, fungi can be indicators of changes
in the crime scene, such as movement or alteration of plant branches and debris.
Since fungi are geotropic, the stipe of mushrooms grows vertically and the pileus
horizontally. If the position of the substrate changes, they immediately reorient themselves to continue growing geotropically. As a result, they exhibit deformations that
allow the recognition of changes in the crime scene. For example, the police of
Whales dismissed a testimony during the identification of a grave of a homicide victim, which was allegedly intact, due to the reorientation of the sporophores of
Marasmius sp. [4, 36] Time is a crucial factor for the use of this type of evidence in
criminal investigations. Simple experiments could be carried out to evaluate the time
required for fungal reorientation.

Experimental assays
In the last years, experimental assays were performed to analyse the fungal succession
during cadaveric decomposition. In studies carried out in Brazil and China, the
researchers used Sus scrofa domesticus L. as an experimental model because it is considered the best model for entomological analysis due to the similarity in decomposition
and internal characteristics with human organs, diet, skin, thoracic cavity, and intestinal
microbiota [37, 38]. In a Brazilian assay, the model animal was deposited a few hours
before the start of the experiment. The collection of samples for fungal identification
was initiated shortly after the deposition of the carcass in the experimental area and
was carried out daily until the carcass was completely skeletonized (17 days in total).
Samples containing mycological material were collected with the aid of sterile swabs,
through friction on oral, nasal, auditory, perianal, and genital mucosa (Sidrim et al.,
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2010), and the animal skin (dorsum and abdomen). These anatomical sites are commonly analysed in mycological laboratory diagnosis. For isolation and fungal identification, the swabs were gently rubbed onto Sabouraud Dextrose Agar (SDA) with
chloramphenicol and incubated at optimal room temperature for fungal growth [37].
Slides were prepared from fungal cultures with a drop of lactophenol cotton blue
(LPCB) according to the Riddell technique [39] and observed under the light microscope with a 40x objective. Morphological identification was performed according to
the literature [39, 40]. The researchers made the first list of fungal species involved in
cadaveric decomposition for the referred Brazilian region. As a result of this study,
they isolated and identified the filamentous fungi Aspergillus terreus, Penicilium expansum Link, Aspergillus flavus Link, Penicillium citrinum (Pers.) Sacc., and Rhizopus oryzae (Went & Prins), and the yeasts Rhodotorula mucilaginosa Harrison, Candida kefyr
(Beij.) Uden & Buckle, C. krusei (Castell.) Berkhout, and Pichia anomala Kurtzman as
the most abundant species. These fungi were present in almost all stages of the decomposition of the carcass of Sus scrofa domesticus [37].
Chinese researchers studied the fungal community on Sus scrofa domesticus in
both outdoor and indoor experimental conditions and, at the same time, assessed and
compared the soil fungal community influenced by the cadaveric decomposition. For
this assay, they used six juvenile pigs, 3three of them subjected to outdoor conditions
in which the cadavers were placed in direct contact with soil. The other three pigs
were placed in cabins isolated from external factors. All cadavers were allowed to
decompose until they were completely dried.
Fungal samples were collected from both the pigs and the soil. The fungal colonies were
collected from the torso surface of the pigs, which was not in direct contact with soil. The
torso was partitioned into small areas and randomly selected areas on each of the three pigs
were vigorously rubbed with sterile swabs at each sampling time. None of the areas were
sampled twice throughout the study. Species were identified only molecularly (DNA
sequencing) according to Fu et al. [38] and the morphology of colonies not was observed.
Their results showed that the indoor corpses decomposed slowly and remained intact until
the dry stage, as it would be expected in forensic cases that occur indoors. The structure of
fungal communities on each indoor corpse varied over time, with a significant change at
approximately 28 days after death. During decomposition, Candida xylopsoci Kurtzman,
and Thermoascus aurantiacus Miehe gradually became dominant. The corpses decomposed
much faster outdoor than indoor due to the activity of sarcosaphagous and insects, and
therefore, progressed to the dry stage in only 14 days when the outdoor corpse biomass was
practically consumed. The fungal community exhibited a great diversity on the antemortem
pigs but decreased and changed its structure significantly throughout decomposition.
Yarrowia lipolytica Van der Walt & Arx gradually became dominant ntduring decomposition. However, the analysis of the soil community revealed a large variety of fungal species
in the environmental soil 20 m away from each corpse and a scarce number of species in the
soil underneath each corpse. Yarrowia lipolytica and Candida catenulata Diddens &
Lodder graduallydominated, and although both species were also found in the environmental soil, their abundance did not increase over time.
In conclusion, Fu et al. [38] observed that dominant species increased notably in
both corpses and soil over time. Furthermore, the succession of the soil community
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was driven by corpse decomposition. Significant differences in the mycobiota were
observed between environmental and cadaveric soil. These results suggest that the
postputrefaction mycobiota have considerable potential for PMI estimation, particularly in cases that involve severely decomposed corpses.
The results of both studies provide an important step towards developing fungal
evidence for its use in forensic science and add to the growing body of work on postmortem microbial communities.

Fungi as agents of poisoning, hallucinations and cause of death
The consumption of fungi by humans is well-known, and intoxication commonly occurs
due to the misidentification of species. Accidental or deliberate intake can lead to serious
intoxications and even to death. Although most cases are not fatal, the gravity depends on
the amount consumed and the tolerance of the individuals. In some situations, the onset
of symptoms is rapid, but in others, they might not be apparent for several days. The most
toxic genera are Amanita Dill Boehm, Gyromitra Fr., Conocybe Fayod, Inocybe (Fr.) Fr.
and Cortinarius (Pers.) Gray. They produce amanitine, gyromitrin, muscarine, and orellanine, respectively, which can be fatal even in small amounts [41]. The number of poisonous species is limited, but a large number can cause gastric disorders. In cases of
poisoning where intact specimens are not available for examination, the spores and other
microscopic remains in the stomach and intestine contents can be used to identify the
species, which is essential for the correct diagnosis and treatment [42].
The use of fungi as hallucinogens, neurotropic or psychoactive drugs has its roots in
ancient times, in both the Old and the New World. In all countries that have signed
the 1971 UN Convention, the use of fungal-derived psychotropic substances is controlled by legislation. For example, the use and possession of mushrooms that produce
psilocybin and psilocin are illegal. At least 216 species of fungi are known to produce
neurotrophic substances, but the most popular are members of Psilocybe (Fr.) P.
Kumm. and Amanita. The concentration of psilocybin and amanitine can vary widely
within a single species as a result of biological or ecological factors [43–45].
Although in crime scenes it is common to find fungal species that are not native
to the region due to their export and traffic, psilocin and psilocybin compounds can
be detected by thin-layer chromatography (TLC) methods, gas chromatography, mass
spectrometry (GC-MS), liquid gas chromatography (GLC), high-performance liquid
chromatography (HPLC), and spectroscopy. Chemical methods are especially valuable
for detecting the presence of hallucinogenic fungi in powder, tablet, or capsule preparations [46, 47]. The irresponsible use of the species mentioned above is not usually
fatal but can lead to death as a result of either the behaviour under the influence of
the drugs they contain or the mixing of mushroom extracts with other drugs.

The fungi and the circumstances of death
The microbial populations involved in decomposition vary in composition and quantity over time and are present until nutrients are depleted [19, 48, 49]. The role of
fungi in corpse decomposition and the full spectrum of species involved in this
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process are not yet well known [3, 5, 7, 27, 33, 50]. However, it is necessary to
increase our knowledge about the mycobiota present in the corpses, and to understand the physical-chemical and biological factors that determine which species will
be able to participate in the succession. These factors include temperature and
humidity (and their changes over time) [51, 52], soil type and pH [53, 54], presence
of animals, especially insects and rodents [55], characteristics of the surrounding
vegetation, type and amount of different chemical compounds (for example, heavy
metals) in the corpse and in the place where the corpse was found, as well as the
amount of different gases and volatile compounds in the atmosphere [56].
Calduch et al. [56] studied the conditions that influenced the growth of
Scopulariopsis brevicaulis Bainier, which was collected from a partially mummified
corpse in an advanced decomposition state found inside a car in a garage in Spain.
These authors assessed some factors related to the victim and the circumstances of
death, which could have influenced the fungal growth. These factors included growth
in different culture media such as PDA and MEA, tolerance to different temperatures
(15, 25, 30, 37, and 40  C) and pH (5.0, 7.0, 9.0, and 11.0) [54], xerotolerance
[57, 58], osmotolerance, and salt toxicity [59]. This isolate showed characteristics
similar to those described in the literature [60–62], such as optimal growth at alkaline
pH (9-11) and at high ammonium/ammonia concentrations, but differed due to its
slow growth in the culture media tested, its moderately fast growth at 15  C, and its
low osmotolerance. On the other hand, the proteolysis activity in gelatin and casein
suggested adaptation to grow on protein-rich substrates, which explains the rapid and
massive growth on the corpse surface. Regarding the in vitro interaction with other
fungi, S. brevicaulis was inhibited by the presence of the environmental fungi A. niger
and Fusarium solani (Mart.) Sacc., which evidenced either that these fungi were not
present in the surroundings of the corpse or that some particular circumstances have
prevented their proliferation in the human remains.
Calduch et al. [56] concluded that the particular circumstances of death of the
individual, such as an atmosphere rich in CO2 and poor in O2, the little temperature
fluctuation inside the car in the garage, the low exposure to biotic factors, together
with the high fungal inoculum concentration and the physiological characteristics of
the fungal isolate, altered the microbial succession that should have occurred in
the corpse.
Studies about the circumstances of death and the factors associated with corpse
decomposition are necessary to understand different patterns of fungal succession
that can be observed when fungi are outstanding evidence in the studied cases.

Final considerations
Fungi provide useful data for the crime scene and for this reason, fungal communities
can be proposed as a forensic tool. The small amount of data obtained from field studies results from the lack of forensic investigators trained in this discipline and the little
information about the contribution of fungi to these investigations. A complete characterization of the nutritional requirements, optimum temperature, and enzymatic activity
of the fungal colonies isolated in each forensic case, as well as the identification up to
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species level, are essential to determine the IPM and place of death. However, obtaining
these data requires well-trained professionals in mycology with an emphasis on forensic
sciences. This is the main drawback since there are few places in the world where fungi
are investigated as forensic evidence, and also, there are few researchers trained to identify the huge number of fungal species described. In addition to the lack of professionals, there is also a lack of identification guides, for example, of hallucinogenic and
poisonous mushrooms, which would help to recognize the species found in crime
scenes. Molecular identification of the species is also a feasible tool, however, a solid
database with accurate morphological identification of the fungal species deposited is
needed since currently, GenBank has errors in this regard.
On the other hand, since justice officers request the collection and analysis of samples and to evaluate the data obtained for the resolution of a case, it is necessary that
they know about the current development of this tool and its implication as judicial
evidence. In view of the above, the justice might consider the use of mycological evidence in the following situations: (i) as an integral part of the environmental assessment in crime scenes, especially in outdoor situations; (ii) when the time of death or
deposition is uncertain and fungal colonies are evident in human remains, clothing
or associated items. This is particularly important when it is not possible to obtain
entomological data. If the data about fungi and cadaverous fauna are considered
together, fungi can be used as an independent line of evidence; and (iii) when fungi
are found in the suspect’s possessions, intestinal contents, or in food and beverages
that generally cause death or neurotropic behaviour.
Research is increasingly being carried out worldwide to use mycology as a source
of additional information for judicial cases. It is worth highlighting the need to obtain
data on real cases with field experimentation, which at present should be the first priority of research groups in this area. The result of the joint effort of the researchers
will undoubtedly turn forensic mycology into a solid and well-established tool that
helps solve complex criminal cases worldwide.
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