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Abstract

Drowned bodies rescued from the rivers of the Amazon basin exhibit several artefacts caused by the actions of the cadaveric
ichthyofauna, namely, the “candiru”. This study aims to review and discuss the fish species responsible for the largest number of
attacks on bodies in the Madeira River (Porto Velho - Rondonia, Brazil), to describe the feeding strategies and types of lesions
caused by each species, and to demystify the myth of the “man-eating piranhas”. To the best of our knowledge, this study is the
first that aims to provide a systematic analysis of cadaveric ichthyofauna and forensic findings in this region.
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Introduction

The rivers of the Brazilian Amazon basin contain an estimated
2411 different species of fish [1, 2]. Approximately 1165 spe-
cies live in the Madeira River, a river characterized by muddy
waters that bathes the city of Porto Velho, capital of the State
of Rondonia [3]. In the popular culture of the Amazon natives,
some of these fish, particularly the “candiru” and piranhas, are
feared and believed as capable of devouring human bodies or
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entering the urethra when the individual, without clothes, uri-
nates in the river [4, 5]. “Candiru” is a generic umbrella term
for various species of fish belonging to the Cetopsidae,
Pimelodidae and Trichomycteridae families, and these species
are usually named catfish due to their barbels. Piranhas, mem-
bers of the Serrasalmidae family, are opportunistic carnivo-
rous freshwater fish that inhabit South American rivers.
They attained the reputation of human devourers from the
American president Theodore Roosevelt, who described the
scientific expedition that occurred between 1913 and 1914 in
his book Through the Brazilian Wildernesses, which was pub-
lished in 1914 [6]. In that document, the author reported that
piranhas could shatter or devour any wounded man or animal,
and blood in the water would excite these fish to madness [6].
After the box office success of the film “Shark™ in 1975,
Hollywood film studies produced the film “Piranha” in
1978, which was inspired by Roosevelt’s report of the pira-
nha’s attack. This movie and several other film productions
contributed even more to the false legend of “man-eating pi-
ranhas” [7]. Therefore, piranhas have attained this fearsome
reputation, despite the absence of reliable reports of people
who have been attacked and killed by these fish [7, 8].

This study aims to review and discuss the fish species re-
sponsible for the largest number of attacks on bodies in the
region of Porto Velho (Ronddnia), to describe the feeding
strategies and types of artefacts caused by each species, and
to demystify the myth of “man-eating piranhas”. The literature
does not contain a systematic description of this cadaveric
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ichthyofauna and related artefacts. The autoptic artefacts are
somewhat characteristic of each species that fed on bodies,
enabling us to potentially identify the implicated fish species.

Case reports

A retrospective analysis of 101 forensic autopsy reports of
drowning cases from the Institute of Legal Medicine of
Porto Velho was conducted between January 2014 and
December 2019. All cases of ichthyofauna attacks occurred
in natural water reservoirs, accounting for 21% of drowning-
related autopsies. Fish from 2 families belonging to 5 distinct
species were identified as responsible for the autoptic find-
ings, and illustrative cases are presented (Table 1).

The fish from the Cetopsidae family (Figs. 1 and 2) present
a completely smooth body that is devoid of bony plates or
thorns and nasal barbels. The head has a globular appearance
resulting from the robust cephalic musculature, which covers
part or all of the roof of the skull, ensuring the powerful op-
eration of the specialized dental arsenal and an efficient cut-
ting apparatus; the edges of the incisiform teeth are aligned,
forming an almost continuous sharp surface on the former [9].
Figure | presents a case of a 16-year-old boy who tried to
swim across the river. He was surprised by the velocity and
flow of the water, and eventually tired and drowned. His body
was recovered eight hours later. Figure 2 presents a case of a
65-year-old man who, after noticing that his canoe was
drifting in the middle of the river, tried to retrieve it with the
help of his friend. It was raining and windy, and the canoe had

drifted a long way. His friend returned to the riverbank where
he could see the victim was drowning. The cadaver was re-
covered 14 h later. The recorded damage to the bodies was
compatible with the actions of fish from the genus Cetopsis,
which are widely distributed in the Amazon Basin, namely, in
the Madeira River and along the banks of the city of Porto
Velho. Cetopsis candiru (Fig. 1) and Cetopsis coecutiens
(Fig. 2) are particularly abundant in these areas. The length
of Cetopsis candiru varies from 1.8 to 26.3 cm and it attacks
dead bodies in shoals, devouring them from the inside out
after making entry holes in the body [9, 10]. Cetopsis
coecutiens has a greater geographical family distribution. Its
length ranges from 2.3 to 26.4 cm and it participates in feeding
frenzies along with Cetopsis candiru, but does not usually
remain inside the body [9—11]. Both cases exhibited damage
with a characteristic concentric pattern.

The family Pimelodidae includes members of an almost ar-
chetypal model of a catfish (Figs. 3 and 4). These animals have a
naked body (without external bony plates) with a relatively large
adipose fin and three pairs of long barbels (one jaw pair and two
mentonians). The color of the body can range from a uniform
grey to fairly elaborate patterns of stripes or dark and light spots
[9, 10]. A 29-year-old man was fishing when his canoe turned
over and his body submerged. The body was recovered 48 h later
by riverbank inhabitants. Calophysus macropterus (also known
as piracatinga, vulture catfish, or zamurito) were recovered from
under his clothes, probably because they are the most common
fish species of the cadaverous ichthyofauna in the Madeira River
(Fig. 3). A 16-year-old woman who was 5 months pregnant
committed suicide by drowning as the baby’s father had refused

Table 1 General characteristics of the Cetopsidae and Pimelodidae families
SPECIES AND FEATURES SPECIES AND FEATURES
Cetopsidae « Known as “whale catfishes” and “candiru” Cetopsis candiru
* A completely smooth body with 3 pairs of barbels located  * The length varies from 1.8-26.3 cm
around the mouth, but without nasal barbels, bony plates or « It is widely distributed in the Amazon basin, namely, in the Madeira
thorns River and in the banks along the city of Porto Velho
* The head has a globular appearance resulting from the robust + Voracious feeding habits
cephalic musculature * Devours corpses in large numbers from the inside out
 Small- to medium-sized catfishes and a maximum length of Cetopsis coecutiens
appr.O)flmately 26 cm ) ) * Length ranges from 2.3-26.4 cm
* Specialized dental arsenal and an efficient cutting apparatus .y js widely distributed in the Amazon basin, namely, in the Madeira
* The edges of the incisiform teeth are aligned, forming an River and along the banks of the city of Porto Velho
almost continuous sharp surface on the forme « Voracious feeding habits
» Participates in the food frenzy along with Cetopsis candiru, but does not
remain inside the corpse
Pimelodidae < Naked body (without external bony plates) with a relatively Calophysus macropterus

» Known as the piracatinga or water buzzard, the latter name is a clear
reference to the voracity of these fish, which consume various types of
food and are strong scavengers (consuming carcasses of dead animals)

* The length varies from 19-71 cm

* The most common fish species among the cadaverous ichthyofauna in
the Madeira River

large adipose fin
* Three pairs of long barbels (one jaw and two mentonians)
* The colour of the body can range from a uniform grey to
fairly elaborate patterns of stripes and dark and light spots

@ Springer



Forensic Sci Med Pathol (2020) 16:345-351

347

Fig. 1 Forensic artefacts caused
by the Cetopsis genus in a
cadaver, most likely due to
Cetopsis candiru. Arrows
highlight the outer surface
artefacts used by fish as the
entrance to the carcass

to acknowledge the child, presumably because he was a married
man (Fig. 4). The victim was recovered 17 h after drowning. The
skeletonization of the body along with the preservation of the
cartilage, eyeballs, scalp and the extremities of the limbs sug-
gested the feeding actions of Calophysus macropterus. The
length of this species ranges from 19 to 71 cm and it has a wide

Fig. 2 Forensic artefacts caused
by the Cetopsis genus in a
cadaver, most likely due to
Cetopsis coecutiens. Atrows
highlight the circular perforating
punch artefacts caused by the
rotating movement of the fish
when biting

distribution in the basins of the Amazonas and Orinoco rivers [9,
10, 12]. It is known by the common names of “piracatinga”,
“pintadinho”, “vulture catfish”, “zamurito” or “water buzzard”,
the latter of which is a clear reference to the voracity of these fish,
which consume various types of food, such as the carcasses of
dead animals [9, 10].
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Fig. 3 Lateral view of
Calophysus macropterus with a
near-maximum adult size and
barbels protruding from the
mouth that serve as taste sensors
(a). The mouth has two rows of
teeth in the premaxilla (b).
Forensic artefacts caused
Calophysus macropterus and fish
recovered from under clothing (c)

Discussion

Many victims of drowning in the Amazon region, particularly
in the river, are not recovered, either because of the vastness of
the river or because they are devoured by carnivorous or scav-
enging fish. Members of the Cetopsidae family are known to
riverside populations as carrion-eating fish, and attacks on
bodies found submerged in the waters of the Madeira River
are attributed to them. They have ravenous eating habits and
attack not only carrion but also fish caught on hooks and in

Fig. 4 Forensic artefacts in a
cadaver caused by Calophysus
macropterus. Skeletonization of
the body and preservation of the
cartilage, the eyeballs, the scalp
and the extremities of the limbs
were observed

@ Springer

waiting nets [9], differing only in their attack and feeding
strategies. Cetopsis candiru devours tissues using a swift ro-
tating movement that is similar to a drilling machine. The fish
creates one to a few small holes (Fig. 1) in the outer surface to
enter the body, which is often devoured from the inside out. It
can remain inside the body for a long time, resulting in a
feeding frenzy that can attract tens to hundreds of individuals
that sometimes completely fill the interior of the cavities with
a swirling mass of vermiform fish [9]. In contrast, Cetopsis
coecutiens usually performs rapid attacks on prey,

-
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withdrawing immediately with the removed tissue and then
returning for another attack, but does not remain inside the
body [9]. This action is compatible with the forensic findings
registered in the case presented in Fig. 2.

Calophysus macropterus is also present in the waters of the
Madeira River and contributes to the destruction of bodies.
Individuals of this species are more likely to be found under
the clothes of bodies during forensic autopsies. These fish
promote the skeletonization of the body, with the preservation
of the cartilage, the eyeballs, the scalp and the extremities of
the limbs, and can consume all of the muscles and viscera of
an 80 kg dead human body in half an hour. These fish are
extremely voracious; they feed in shoals and have territorial
habits. This has led them to become known as “water vul-
tures” [13]. An experiment performed with a small piece of
meat and bones submerged in the river resulted in almost
immediate consumption (data not shown) and comparable
findings to the data presented in Fig. 4. More recently,
piracatinga was proposed as a useful tool for locating the
remains of drowning victims in the Amazon, particularly
when combined with the analysis of DNA samples from rel-
atives of the deceased [14].

Other species have been anecdotally associated with
devouring cadavers, but most reports failed to provide scientific
evidence of their involvement. Vandellia cirrhosa (Fig. 5) of
the Trichomycteridae family is also called “candiru” by the
Amazon natives and it is one of the best-known fish species
in Brazil [15, 16]. It is a small and transparent fish that is quite
difficult to spot in the turbid waters of its home; it is approxi-
mately 2.5-6 cm long and is known by the common name
“vampire fish” as they are hematophagous and feed on
blood from the gills of larger fish gills [4, 15]. An

Fig. 5 Vandellia cirrhosa, a hematophagous fish known as “vampire
fish”

unconfirmed theory states that these fish are attracted by
the ammonia eliminated in the water during fish breath-
ing, and therefore, they enter the urethra of people who
bathe naked and urinate into the water. Researchers have
not yet proven that the fish are truly urinophilic. The
World Encyclopedia of Animals provides a different ex-
planation: the fish enters the urethra accidentally because
its instinct is to swim against the stream of water flowing
out of the gill cavity of the larger fish that is generated by
the movement of the opercula and is confused by the flow
of urine into the water [17]. Some indigenous tribes in
endemic areas have developed interesting methods to pro-
tect themselves from the attack of Vandellia cirrhosa. The
“inoba”, used by the Indians of the Baréro ethnic group,
is a penis protector made with dry leaves from a palm tree
intertwined in a wraparound envelope at the waist. In
turn, women use a device called an “uluri” that is built
with bark to protect the genitals [17, 18]. When the fish
enters the urethra, the natives use jenipapo juice (Genipa
americana), which is offered as a drink and injected into
the urethra. Because it is rich in citric acid, this juice
dissolves the calcium present in the small spines in the
opercula that are used to attach to the parasite’s gills, and
thus the fish is easily removed from the urethra [4]. Rare
accidents have been documented with the penetration of
fish into the urethra, vagina, or anus of people who bathe
naked in Amazonian rivers [5, 19], but these species are
not involved in wildlife attacks on submerged corpses.

Finally, the responsibility of piranhas for our findings ob-
served in cadavers must be demystified and questioned.
Although these opportunistic carnivores are present in the
Madeira River, they are rarely seen, and many fishermen de-
clare that they have never caught piranhas. The piranhas re-
ported in the Madeira River belong to the species of
Serrasalmus rhombeus (Fig. 6A) or Pygocentrus nattereri
(Fig. 6B). Serrasalmus rhombeus (i.e. the redeye piranha or
the black piranha) is a fish of the piranha family Serrasalmidae
found in South America in the Amazon. Pygocentrus nattereri
(i.e. the red-bellied piranha or red piranha) is a species of
piranha native to South America, namely, the Madeira River
[12]. Both species usually feed on other smaller fish, aquatic
insect larvae and crustaceans such as shrimps. These species
rarely attack cadavers, and when they do, the attack is mainly
because the animals feel threatened or hungry due to the re-
duced amount of food available when the river level drops
during the dry season [20]. Piranha attacks on living humans
are limited to single bites that are almost always located on the
lower (i.e. feet) and upper (i.e. hands) extremities, particularly
during spawning in the reproductive season to protect the fry.
The bite typically consists of a single circular wound resem-
bling a volcano crater [20, 21]. Indeed, the teeth of the pira-
nhas are like blades, sharp and thin, allowing them to create a
quick puncture followed by an incisive cut [20, 22].
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Fig. 6 Serrasalmus rhombeus (A) and Pygocentrus nattereri (B) are the
most common species of piranhas indigenous to the Madeira River

Conclusions

In conclusion, an extensive group of fish from the Amazon
basin are omnivorous and eventually feed on carcasses. Fish
from two distinct families (Cetopsidae and Pimelodidae) were
identified as being responsible for the necrophagous actions
on submerged bodies in the waters of the Madeira River.
Serrasalmus rhombeus, Pygocentrus nattereri and the
Vandellia cirrhosa do not participate in cases of wildlife at-
tacks on submerged bodies. Our findings also reveal that al-
though characteristic damage patterns were observed and
linked to a specific fish family, further systematic forensic
studies are needed to characterize artefacts caused by cadav-
eric ichthyofauna.

Key points

1. A retrospective analysis of the 101 forensic autopsy re-
ports drowning cases was performed.

2. Five species of fish from 2 families were identified as
responsible for autopsy findings of predation in drowned
bodies.

3. “Candiru” are responsible for several artifacts in drowned
bodies.

4. “Candiru” and not piranhas are the species of fish in the
Madeira River responsible for devouring bodies.

@ Springer

5. Serrasalmus rhombeus, Pygocentrus nattereri and
Vandellia cirrhosa are not involved in attacks or
predation.
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