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ABSTRACT: As a grave is an anomalous environment and differs from its surroundings, criminal investigators employ different techniques
for locating, recovering, and analyzing clandestine graves. In this study were identified the fungi found in the soil under corpses in decomposi-
tion with an aim at relating the copresence of human remains and different fungal species. Were isolated the fungi in three ways: soil washing,
serial dilutions, and moist chamber growth. Dichotomomyces cejpii, Talaromyces trachyspermus, Talaromyces flavus, and Talaromyces sp. were
the representative species found—with those belonging to the ammonia group, whose fungi are the first in the succession of cadaver decompo-
sition directly in the ground. The mycobiota found at the present study area clearly differs to mycobiota identified in control sample and from
previously described species for other areas of Buenos Aires Province, Argentina. Further forensic examples of this type are needed to develop
fully the detailed use of mycology as a forensic tool.
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Forensic mycology is a relatively new term used for a descrip-
tion of the fungal species present in the vicinity of human cadav-
ers as well as those fungal groups potentially useful in
establishing a time of death (1,2). Taphonomy is the subdisci-
pline of paleontology that studies the organic and fossilized post-
mortem remains in the records from different geologic periods.
Forensic taphonomy aims at understanding the conditions influ-
encing the decomposition process to estimate the postmortem
interval and determine the cause and manner of death. This
branch of forensics—incorporating many techniques from a wide
range of disciplines such as archeology (3), entomology (4), soil
microbiology (5), and botany (6)—has been used to locate,
uncover, and analyze clandestine graves.
In recent decades, only few case studies involving both

mycology and taphonomy based on fungi have been used as a
basis for forensic mycology in the United States (1,2,7), Japan
(8,9), and Brazil (10) as well as more recently in Argentina. This
new subdiscipline of the forensic sciences is increasing world-
wide as certain groups of fungi have generated a substantial
body of data concerning the decomposition of cadavers and their
related environment. This information has demonstrated that dif-
ferent fungal groups—referred to as ammonia or postputrefaction

fungi—can serve as aboveground indicators of the presence of
graves in forest ecosystems (2).
The burial of human cadavers under natural or seminatural

conditions is sometimes performed in an attempt to hide the evi-
dence of a crime. The ability to locate clandestine graves by
means of fungi can thus constitute a useful tool in the investiga-
tive process. Although forensic entomology—involving a detec-
tion of the insects present on human corpses—is the most
frequently applied science in criminal investigations and has
allowed the resolution of complex criminal cases, techniques
employing fungi could also constitute relevant tools for such
forensic purposes.
The aim of this work was to isolate and identify fungi in asso-

ciation with human cadavers in advanced states of decomposi-
tion.

Materials and Methods

Human remains were found in December 2009 in a field near
Pergamino city, Buenos Aires Province (�34° 21′ 41.6874″S;
60° 5′ 22.9914″W), Argentina. The site contained temporary
puddles from a previous rain. The predominant vegetation was
herbaceous with sorghum as the most common plant. Climato-
logic data obtained from a government weather station located at
a distance of 60 km from the site showed that the mean ambient
temperature from the time of disappearance (November 14,
2009) to the discovery of the remains (December 8, 2009) had
ranged from 15.3 and 24.1°C, while the average precipitation
had ranged between 0 and 41 mm. The cadaver was found
24 days after death with the skull already reduced to a skeleton
and with the arms and legs in a state of advanced decomposition
(Fig. 1A).
Samples of soil in contact with the remains (Fig. 1B) and

15 m away of body (control sample) were taken with a sterile
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spoon at the time of the discovery, carried to the laboratory in
hermetically sealed plastic bags, and processed according to the
following methods: (i) A washing was carried out as described
by Parkinson and Williams (11). The soil particles were washed
at least 10 times with sterile water, with the water being thor-
oughly drained after each wash. The soil particles were then
dried for 24 h on filter paper. Next, 50 particles each were pla-
ted into potato dextrose agar (PDA) and malt yeast extract Agar
(MYA) containing streptomycin (100 lg/mL) and chlorampheni-
col (50 lg/mL) to inhibit bacterial growth. The relative fre-
quency is the number of particles bearing a specific fungus/total
number of particles for each culture media (12); (ii) Serial dilu-
tions were made as described by Warcup (13). Of each dilution,
100 lL was plated in triplicate in each one of following culture
media: PDA, MYA, and water agar. The mean colony-forming
units (CFUs) and standard deviations were registered; (iii) Fifty
soil particles were incubated in 10 90-mm Petri dishes contain-
ing moistened filter paper (to maintain humidity) at five particles
per dish at 25°C. After El�ıades et al. (14), we will refer to this
approach as the moist chamber method. With this technique,
every individual soil particle was considered a distinct sampling
unit, and the frequency of occurrence was calculated as: the

number of particles bearing a specific fungus/total number of
particles analyzed (50).
The morphologic structures of fungi were observed by optical

microscopy, through the use of cotton blue staining. The ultrastruc-
ture of the fungal isolate was observed under a Jeol JSM-6360
scanning electron microscope (JSM-6390LV, Jeol, Akishima,
Tokyo, Japan) in the Electronic Microscope Service in the Museum
of Natural Sciences of La Plata. Original taxonomical papers and
specific works as Sotolk et al. (15) and Domsch et al. (16) were
used for identifying sporulating fungi.

Results

Through the moist chamber technique, we identified Dichot-
omomyces cejpii (Milko) Scott (Ascomycota, Eurotiomycetes;
Fig. 2) in the samples of soil particles at a relative frequency of
0.94, whereas Talaromyces trachyspermus (Shear) Sotolk &
Samson (Fig. 3) and Talaromyces sp. were observed at a relative
frequency of only 0.04 and 0.02, respectively. In the control
sample were identified Mucor hiemalis (Hagem) Schipper
and Mortierella sp. (Zygomycota), and anamorphic stages of
Ascomycota as Penicillium frequentans (Wehmer) Westling,

FIG. 1––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 this study. In the picture can be observed the luxuriant vegetation of the site.

FIG. 2––(A) Ascospores of Dichotomomyces cejpii showing the wall ornamentation under scanning electron microscopy (25009). (B) Globose asco with
ascospores (75009).
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Aspergillus sp., and Penicillium sp. Penicillium sp. was the most
frequent species found in the control sample analyzed by this
technique (relative frequency 0.14) (Table 1).
By the soil washing method, the most common species

found was D. cejpii, it assaying at a higher relative frequency
in the MYA than in the PDA culture medium. Talaromyces
sp., T. trachyspermus, Talaromyces flavus (Klocker) Sotolk &
Samson (Fig. 4), P. frequentans, Penicillium restrictum Gilman
& Abbott, and Penicillium purpurescens (Sopp) Raper &
Thom were observed by this method as well, but at a low
frequency (Table 1). On the other hand, the zygomycetes
Mortierella sp. and M. hiemalis (Table 1), and Absidia sp.
(relative frequency 0.02) were recorded in the control sample.
The relative frequency of anamorphic stages of Ascomycota
fungi P. frequentans, Penicillum sp., Aspergillus sp, and Cla-
dosporium cladosporioides (Fries.) de Vries are shown in
Table 1. Others anamorphic stages of Ascomycota as Purpu-
reocillium lilacinum (Thom) Luannsa-ard, Houbraken; Hywel-
Jones & Samson, Trichoderma koningii Oudem, Fusarium
oxysporum Schlecht, Clonostachys reosea Fries were also
observed.
Fungal quantification by the serial dilution method gave the

following abundance values: 2.5 � 0.6 9 106 and 1.9 � 0.6 9
106 CFUs for D. cejpii in MYA and PDA medium, respec-
tively, as opposed to 1.1 � 0.8 9 105 CFU for T. trachysper-
mus and 20 � 8 CFU for Talaromyces sp., both in PDA
medium (Table 1). In the control sample were recorded CFUs
of anamorphic stages of Ascomycota: Aspergillus sp., Penicil-
lium sp, and P. frequentans (Table 1). CFUs of T. koningii,
F. oxysporum, and Aspergillus terreus Thom were also
observed. Penicillium frequentans was the most often quantified
Ascomycete species (4.3 � 1.5 9 104) in PDA (Table 1).
Mucor hiemalis was the only zygomycetes found through this
technique (Table 1).
Dichotomomyces cejpii, T. trachyspermus, T. flavus, and

Talaromyces sp., the most representative species of this work,
were deposited in the collection of Botanical Institute C. Spe-
gazzini, National University of La Plata, under the accession
numbers LPSC 1160, 1161, 1162, and 1163, respectively.

Discussion

In recent decades, a number of field experiments and case
studies in mycology have given useful data for detecting sites

FIG. 3––Ascospores of Talaromyces trachyspermu showing the wall orna-
mentation with crowded warts under scanning electron microscopy (55009).
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where cadaver decomposition has taken place. Those data have
demonstrated that certain chemoecologic groups of fungi can act
as aboveground grave markers (1,2,17,18). According to Carter
and Tibbett (2), varieties of fungi that can potentially act as clan-
destine grave markers are known as ammonia and postputrefac-
tion fungi and can serve as a tool for the estimation of the
postburial interval as well.
The mycobiota found at the present study area clearly differs

from the mycobiota identified in the control sample. The zygo-
mycota fungi such as M. hiemalis, Absidia sp., and Mortierella
sp are usually found in soil, manure, organic matter in decompo-
sition, and stored grain, and some species are known as sugar
fungi by the lack of enzymes to degrade complex carbohydrates
(19,20). The authors note the absence of these species in the soil
sample taken under the decomposing human body. Crater and
Tibbet (2) refer to zygomycetes as postputrefaction fungi, but in
our study were present only in the control soil sample, being
part of fungal biota of Buenos Aires Province’s soils, as men-
tioned by Cabello et al. (21) and Eliades et al. (12,14,22). This
difference could be related to the nitrogen-containing compounds
entering the soil from the decomposition of the human remains
present. In the particular case presented here, the discovery of
geofungal Eurotiomycetes would be consistent with a time of
death at about 25 days before the discovery of the body (2).
The ammonia fungi in experimental forest soil treated with

urea, ammonium, or other nitrogenous compounds that release
ammonia upon decomposition can form fruiting structures (i.e.,
mushrooms) more quickly than would otherwise naturally
occur (i.e., at sites that have not undergone experimental
chemical treatment (2)). The ammonia and postputrefaction
fungi are part of the same succession of biota that occurs dur-
ing the natural decomposition process, the ammonia fungi
structures constituting the first identifiable ones in this succes-
sion. These early fungi can bear fruiting bodies from 1 to
10 months after soil fertilization with nitrogenous compounds
and consist in the ascomycetes (anamorphs and teleomorphs)
along with the saprotrophic basidiomycetes (23,24). According
to Sagara (23) and Fukiharu and Hongo (24)—although their
work dealt with forest soils—D. cejpii, T. trachyspermus,
T. flavus, and Talaromyces sp., of the Ascomycota phylum,
would correspond to early phase fungi: thus in our case, these
structures were found 25 days after the individual’s death. The
contribution of nitrogen compounds including amino acids
from the proteins of the decomposing remains could have had

a significant influence on the occurrence of these fungal spe-
cies under the cadaver.
Many examples of fungi associated with animal remains have

been documented, but only few involving human postmortem
decomposition (1,2). The present study is the first record, for
Argentina and for South America, of soil fungi occurring at the
site of a decaying human body under natural conditions.
Dichotomomyces cejpii was the dominant species in the soil

samples. This fungus has been mentioned by Godeas (25) in
Buenos Aires, Argentina, in association with leaf litter, but the
present findings constitute the first record of the involvement of
D. cejpii in the decomposition process of a cadaver buried in
grassland soil. In the soil samples cultured in vitro in the labora-
tory, we observed both the teleomorph D. cejpii and its ana-
morph Polypaecilum spp. T. trachyspermus was described by
El�ıades et al. (22) as being present in soils in the Buenos Aires
Province.
A systematic survey of fungal fruiting structures on grassland

soil could be used to designate potential grave sites, thereby
reducing the amount of time required to screen a large area.
Such surveys would be appropriate where burial over months or
years was suspected as a cadaver-related fruiting would not
occur immediately after burial.

Acknowledgments

The authors thank to Dr. Donald F. Haggerty, a retired career
investigator and native English speaker, for editing the final
version of the manuscript.

References

1. Hawksworth DL, Wiltshire PEJ. Forensic mycology: the use of fungi in
criminal investigation. Forensic Sci Int 2011;206:1–11.

2. Carter DO, Tibbett M. Taphonomic mycota: fungi with forensic poten-
tial. J Forensic Sci 2003;48(1):168–71.

3. Sigler-Eisenberg BJ. Forensic research: expanding the concept of applied
archeology. Am Antiq 1985;50(3):650–5.

4. Centeno N, Maldonado M, Oliva A. Seasonal patterns of arthropods
occurring unsheltered and unsheltered pig carcasses in Buenos Aires
Province (Argentina). Forensic Sci Int 2002;126(1):63–70.

5. Hopkins DW, Wiltshire PEJ, Turner BD. Microbial characteristics of
soils from graves: an investigation at the interface of soil microbiology
and forensic science. Appl Soil Ecol 2000;14:283–8.

6. Willey P, Heilman A. Estimating time since death using plant roots and
stems. J Forensic Sci 1987;32(5):1264–70.

7. Tibbett M, Carter DO. Mushrooms and taphonomy: the fungi that mark
woodland graves. Mycologist 2003;17(1):20–4.

8. Hitosugi M, Ishii K, Yaguchi T, Chigusa Y, Korus A, Kido M, et al.
Fungi can be a useful forensic tool. Leg Med 2006;8:240–2.

9. Ishii K, Hitosugi M, Kido M, Yaguchi T, Nishimura K, Hosoya T, et al.
Analysis of fungi detected in human cadavers. Leg Med 2006;8:188–90.

10. Sidrim JJC, Moreira Filho RE, Cordeiro RA, Rocha MFG, Caetano EP,
Monteiro AJ, et al. Fungal microbiota dynamics as a postmortem investi-
gation tool: focus on Aspergillus, Penicillium and Candida species.
J Appl Microbiol 2010;108:1751–6.

11. Parkinson D, Williams ST. A method for isolating fungi from soil micro-
habitats. Plant Soil 1961;13:347–55.

12. El�ıades LA, Cabello MN, Voget CE. Soil microfungi diversity in Celtis
tala and Scutia buxifolia forest in eastern Buenos Aires province (Argen-
tina). J Agric Tech 2006;2(2):229–49.

13. Warcup JH. On the origin of fungi developing on soil dilution plates.
Trans Br Mycol Soc 1960;38:298–301.

14. El�ıades LA, Voget CE, Arambarri AM, Cabello MN. Fungal communi-
ties on decaying saltgrass (Distichlis spicata) in Buenos Aires province
(Argentina). Sydowia 2007;59(2):227–34.

15. Sotolk AC, Samson RA. The genus Talaromyces. Studies on Talaromy-
ces and related genera II. Baarn, the Netherlands: Periodics Publication
of Centraalbureau voor Schimmelcultures, 1972;1–67.

FIG. 4––Talaromyces flavus ascospores showing their spinulose wall
under scanning electron microscopy (40009).

788 JOURNAL OF FORENSIC SCIENCES



16. Domsch KH, Gams W, Anderson T. Compendium of soil fungi. Eching,
Germany: IHW-Verlag, 1993.

17. Sagara N. Occurrence of Laccaria proxima in the grave sites of cat.
Trans Mycol Soc Japan 1981;22:271–5.

18. Fukiaru T, Osaku K, Iguchi K, Asada M. Occurrence of ammonia fungi
on the forest ground after decomposition of dog carcass. Nat Hist Res
2000;6(1):9–14.

19. Moore-Landecker E. Fundamentals of the fungi, 4th edn. New York,
NY: Prentice-Hasll Inc, 1996.

20. Alexopoulos CJ, Mims CW, Blackwell M. Introductory mycology, 4th
edn. New York, NY: John Wiley & Sons, 1996.

21. Cabello MN, Aon M, Velazquez MS. Diversity, structure and evolution
of fungal communities in soils under different agricultural management
practices. Bol Soc Argent Bot 2003;38(3–4):225–32.

22. El�ıades LA, Cabello MN, Voget CE. Contribution to the study of alkalo-
philic and alkali-tolerant Ascomycota from Argentina. Darwiniana
2006;44(1):64–73.

23. Sagara N. Experimental and epigeous fungi. In: Carrol GC, Wicklow
DT, editors. The fungal community. Its organization and role in the eco-
system. New York, NY: Marcel Dekker, 1992;427–54.

24. Fukiharu T, Hongo T. Ammonia fungi of Iriomote Island in the Southern
Ryukyus, Japan and new ammonia fungus, Hebeloma luchuense. Myco-
science 1995;36:425–30.

25. Godeas A. Micoflora del suelo de la Argentina V Formas ascosp�oricas
adicionales de la Pcia. De Buenos Aires, provincia fitogeogr�afica del
Espinal, Distrito de los Talares. Mycopathologia 1975;56(2):81–96.

Additional information and reprint requests:
Mar�ıa C. Tranchida, Ph.D.
Instituto de Bot�anica C. Spegazzini
FCNyM Universidad Nacional de La Plata
Calle 53 N 477, Cp 1900 La Plata
Buenos Aires
Argentina
E-mail: ctranchida@conicet.gov.ar

TRANCHIDA ET AL. . SOIL FUNGI AS A FORENSIC TOOL 789


