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Abstract: Agonistic encounters, characterized by confrontations and conflicts, have been
documented across various animal taxa. Intraspecific conflicts are more common in
socially structured populations such as the giant otter (Pteronura brasiliensis), a
gregarious and territorial species. Here, we present the evolution of injuries resulting from
a territorial dispute between two giant otter groups during the dry season in a disturbed
touristic area in the Brazilian Pantanal. The injuries of a dominant male showed an
unfavorable progression of a myiasis leading to the individual's death and implications for
the social dynamics of the group and for conservation of the population.
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INTRODUCTION

Agonistic encounters, characterized by confrontations and conflicts, have been
documented across various animal taxa, including both aquatic and semi-aquatic
mammals (Simpson, 2000; Ribas and Mourdo, 2004; Jacobs et al., 2008). Intraspecific
conflicts can arise from territorial, sexual and parental disputes, as well as instances of
parental-child aggression, and are more common in socially structured populations (De
Dreu and Triki, 2022). Intergroup conflicts are energetically costly and can involve
severe injuries and even the death of individuals and disruption of social units (Ribas
and Mourdo, 2004).

The giant otter (Pteronura brasiliensis) is an endangered member of the
Mustelidae Family, endemic to South America. It is an apex predator in aquatic
systems, known for being a gregarious and territorial species. Giant otter groups
typically consist of a reproductive couple and non-reproductive helpers, and it can range
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in size from two to 20 individuals. They engage in complex social interactions
(Leuchtenberger and Mouréo, 2008) and although the alpha males play a predominant
role in group defense, usually every individual within the group participates in agonistic
encounters with rivals. Therefore, both the group size and the health of the alpha males
serve as proxies for the group’s defense capacity. This capacity is essential for the
survival of giant otter groups, enabling them to secure larger and better territories and
positively impacts the reproductive success of the alpha couple (Leuchtenberger et al.,
2015).

Agonistic encounters between giant otter groups seem to occur more frequently
during the dry season in the Pantanal (Leuchtenberger et al., 2015), when resources are
limited to the water bodies' channels, and it coincides with the breeding time. A strategy
used by giant otters to mitigate such encounters is scent-marking the banks along the
water bodies within their territorial boundaries (Leuchtenberger and Mourdo, 2009)
and/or using vocalizations (calls) to advertise their presence to the neighboring group
(Leuchtenberger et al., 2015; Potts et al. 2019). Nevertheless, it's noteworthy that this
behavior does not prevent territorial overlap (Leuchtenberger et al., 2015). These
agonistic interactions are aggressive, noisy, and risky (Ribas and Mourdo 2004;
Schweizer, 1992), as the species is equipped with sharp canines and claws that can
cause lethal injuries (Rosas and Mattos, 2003). However, the evolutionary path of
injuries leading to death remains unexplored.

Here, we present for the first time the evolution of myiasis resulting from a lesion
caused by a territorial dispute in a giant otter, ultimately leading to the individual's
death. This report highlights the implications for both individual health and social
dynamics within the population, with significant implications for conservation efforts.

METHODS

The study area is located in the Northern Pantanal, Brazil, within the ‘Encontro
das Aguas State Park’ (56°W 39' 54", 17°S 14' 58"). The park is known as a prime
location for jaguar safaris, attracting numerous tourist boats daily and providing ample
opportunities to observe wildlife behaviors. The climate of the Pantanal is humid and
tropical, characterized by hot, rainy summers and dry, sunny winters.

Between 2019 and 2023 a group of giant otters (hereafter referred to as G4)
established their territory in this area. They were systematically observed during our
population monitoring, as well as by tourist guides and professional photographers. The
animals were identified using their individual throat pattern. The date and GPS
coordinates of each observation were recorded to analyze their spatial movements and
photographs were taken to document the group’s behavior. Research activities were
conducted with federal and state permits (SISBIO 85851-1, SEMA-MT-2017/2022).

RESULTS

During the five years of monitoring, the male named “Pai” and female named
“Petri” endured as the reproductive couple of G4. The group size varied from three to
seven individuals during this time (Supplementary Figure 1). In mid-2023, it finally
split into two groups: one composed only by “Pai”, “Petri” plus one adult male (named
“A”); and another, composed by two otters, originated from G4 (the male “Nick”, and
the female “Starfish”). This second group established its territory nearby.

On July 11th, 2023, during the dry season, “Pai”, “Petri” and “A” were observed
fighting against an unknown giant otter group of four adults (Fig. 1A). Following the
aggressive interaction, on the same day, “Pai” was observed with wounds and irregular
lacerations on the right side of the face below the eye, extending to the mouth (Fig. 2A).
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Flies could be observed landing close to injuries (Fig. 1B). Days later, we could also
observe that Pai’s scrotal sac exhibited a lacerating injury with the testicle exposed (Fig.
2B). The dominant female “Petri” had a small wound on its right front limb (Fig. 2C),
while the subordinate male “A” had injuries on the front left paw with a marked
difficulty in putting weight on it (Fig. 2D).

A - Agonistic encounter B - “Pai" with laceration on his C - Pai's neck had a significantly D- Pai's neck exhibits :
face. Flies could be observed increased volume with four reduced edema, and the 1
close to the ijuries. deep punctures and penetrating injuries showed

lacerations. an increase in connecting

I margins, resulting in two

AN ‘ large openings in the tissue.
v

| - The initial infested area G-The animal's head shows a hypertrophic  F - In another angle, E - A new affected area with a
exhibited a larger extension with  scar, with irregular hairless edges and there are round and circular, deep tissue opening
larvae in various stages and sizes, complete healing of primary lesions. The  poorly defined regions containing larvae. Connected to

accompanied by hemorrhage ~ main area affected by myiasis infestation  of increased volume the larger lesion, there are small
and loss of muscular tissue. New (H) has significantly increased in size, with  on the animal's back. punctate openings surrounding
sites with larval presence were more larvae present, hypocolored, and a the affected area.
observed. large loss of tissue structure.

Figure 1. Timeline presenting the progress of the myiasis of a dominant giant otter male, after an
agonistic encounter that occurred on July 11th 2023, in the Brazilian Northern Pantanal. (photo credits:
A, B, C: Gustavo Gapari; D: Fabio Arruda/Barong House; E, F: Mark Thomas; G: Daniel De Granville;
I: Cesar Moraga).

During subsequent monitoring, the injuries of ‘“Pai” showed an unfavorable
progression. On July 23th, his neck and head, which had previously been covered by
fur, demonstrated a significant increase in swelling extending from the left ear to the
ventral region, with four deep punctures and lacerations present (Fig. 1C).

In a new sighting, on July 30th, the animal was seen resting outside of the water,
uncovering previously unnoticed lesions and a reduction in body condition score (Fig.
2B). Furthermore, abrasions were noticed on the cutaneous tissue on the left side of the
neck (Fig. 2B). On the right side of the neck there was a reduction in edema, and the
penetrating injuries showed an expansion in the connecting margins, resulting in two
large openings in the tissue (Fig. 1D).

On August 7th, Pai’s monitored injury on the neck showed almost complete
reduction (Fig. 1E); there was no presence of edema, and the fur covered the site. A
new affected area was seen on the animal’s back, with a circular, deep opening
containing larvae inside. Connected to the larger lesion, there are small punctate
openings surrounding the affected area. Further down, new circular openings with
larval infestation were present. From another angle, round and poorly defined regions
of increased volume were found on the animal's back (Fig. 1F). The pattern and origin
of the injury suggested new areas with the presence of myiasis, still covered by fur.
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On August 11th, hypertrophic scar tissue, with irregular hairless edges was seen
on the animal’s head, along with complete healing of primary lesions. The same scar
pattern could be seen on the paws while holding a fish (Fig. 1G). Nevertheless, the main
area affected by myiasis infestation on the back showed a rapid increase in size, with
more larvae, hypopigmentation, and significant loss of tissue structure (Fig 1H).

Figure 2. Injuries reported for a group of giant otters after an agonistic encounter on July 11th 2023, in
the Brazilian Northern Pantanal. A: The dominant male “Pai” presents wounds with irregular lacerations
on the right side of the face below the eye, extending to the mouth (photo: Gustavo Gaspari). B: The
scrotal sac of “Pai” exhibited a lacerating injury, exposing the testicle (photo: Fabio Arruda/Barong
House). C: The dominant female “Petri” had a wound on her right limb (photo: Fabio Arruda/Barong
House); and D: The subordinate male “A” had injuries on his left front paw (photo: Fabio Arruda/Barong
House).

In the last encounter, on August 12th, “Pai” was observed alone and outside the
territory border of its original group. The initial infested area exhibited a larger
extension, with larvae in numerous stages and sizes, accompanied by hemorrhage and
loss of adipose and muscular tissue. New sites with larval presence were observed, with
lesions continuously growing and becoming purulent through the parasites' feeding
(Fig. 11). This was the last observation of the individual.

On August 8th, the subordinate male “A” was observed scent-marking the
territory more frequently than usual. By August 14th, the male “Nick” left his partner
and joined “Petri” and “A”, taking over the dominant position from that point forward.

On August 9th, two cubs were seen coming out of the den, estimated to be around
3 weeks old. Unfortunately, by mid-September, the cubs were last seen, indicating the
loss of the offspring from the original G4 couple.

DISCUSSION
Our results showed that injuries resulting from conflicts among animals in their
natural environment have the potential for unfavorable consequences, including
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infections, tissue function loss, parasitic infestations and the death of individuals.

The affected otter in our study displayed a range of distressing clinical findings
that persisted for nearly a month until its disappearance. These findings included loss
of body condition, continuous bleeding in areas infested by larvae, the increase of
lesions, and tissue loss due to larval feeding. The prolonged duration of these afflictions
highlights the severe impact on the otter’s health. These injuries not only led to potential
secondary infections but also could have induced significant pain. Our study further
contributes to the understanding of myiasis evolution and potentially lethal
consequences of giant otter territorial disputes.

The main dipteran responsible for causing myiasis in wild and domestic animals
in Brazil is Cochliomyia hominivorax, known as the New World screwworm (Costa-
Junior et al., 2019). This parasitic infestation also plays an important role in public
health as a zoonotic disease in South America. The parasite lays its eggs in open
wounds, which then develop into larvae and progress through instars. During this
process, the larvae feed on living tissue and liquid body-substances causing lesions that
are susceptible to new infestations (Batista-da-Silva et al., 2011; Costa-Junior et al.,
2019). This behavior was observed in our study on the male giant otter. Myiasis
infestation caused by C. hominivorax was previously identified as the probable cause
of death in a giant otter in the Brazilian Pantanal (Foerster et al., 2022).

The cumulative impact of these conditions on the animal’s well-being extends
beyond individual suffering, reducing its ability to fish and protect its habitat, and
compromising its overall defensive capabilities. As expected for the social species, the
disruption of social hierarchy, caused by the weakening of the dominant male in this
case, can have negative effects on the group. This includes stress responses and
longevity, decreased reproductive success, and loss of offspring (Tibbetts et al., 2022).
In our study, the inflicted injuries disrupted the alpha male’s hierarchical position
within the group, further complicating the survivorship of the offspring and social
dynamics. Since scent-marking plays an important role in giant otter communication,
and, more specifically, in dominance hierarchy (Leuchtenberger and Mourédo 2009), the
decrease in scent-marking effort by the injured dominant male created new
opportunities for the subordinate male to try to take the alpha’s position. However, due
to unspecified factors, this individual failed to secure this dominant position, allowing
an earlier member (“Nick”) to return to the group and assume the role of dominance.

Under certain circumstances it is expected that giant otter groups would be forced
to suffer fission, disperse or die (Potts et al. 2019). In addition, G4 has established its
territory in an area known for its high density of jaguars (Devlin et al., 2023), and
routine conflicts with this predator are common (Leuchtenberger and Martin, 2020).
Furthermore, the group faces disturbance from numerous tourist boats that visit the area
daily during the dry season for jaguar safaris. The synergy of these factors, coupled
with the advanced age of the dominant pair, may have influenced the reduction in the
group’s size in the last year and the consequent loss of defense capacity. These findings
highlight the necessity for comprehensive conservation strategies that go beyond
individual well-being and encompass broader ecological and social dynamics within
natural habitats. Recognizing the intricate interplay between individual health, social
structures, and ecological disturbances is crucial for the development and
implementation of effective conservation measures for endangered species.
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SUPPLEMENTARY MATERIAL
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Supplementary Figure 1 - Composition of the giant otter group G4, resident at the river Trés Irmaos, at
the Encontro das Aguas State Park, in the Northern Pantanal, Brazil, between 2019 and 2023. The name
of each individual is written below the individual’s picture of the throat pattern, besides the sex (F -
female, M - male) and dominance position (D - dominant) of the individual within the group.

RESUME: CONFLIT INTERGROUPE ET MORTALITE INDUITE PAR LA
MYIASE CHEZ UNE LOUTRE GEANTE DU PANTANAL BRESILIEN:
IMPLICATIONS POUR LA CONSERVATION DE LA POPULATION

Les rencontres agonistes, caractérisées par des confrontations et des conflits, ont été
documentées chez divers taxons animaliers. Les conflits intraspécifiques sont plus
fréquents dans les populations socialement structurées comme la loutre géante
(Pteronura brasiliensis), une espece grégaire et territoriale. Nous présentons ici
I’évolution des blessures résultant d’un conflit territorial entre deux groupes de loutres
géantes pendant la saison seche dans une zone touristique perturbée du Pantanal
brésilien. Les blessures d’un male dominant ont montré une progression défavorable
d’une myiase conduisant a la mort de I’individu et des implications pour les dynamiques
sociales du groupe et pour la conservation de la population.

RESUMEN: CONFLICTO ENTRE GRUPOS Y MORTALIDAD CAUSADA
POR MIASIS EN UNA NUTRIA GIGANTE DEL PANTANAL BRASILENO:
IMPLICANCIAS PARA LA CONSERVACION DE LA POBLACION

Los encuentros agonisticos, caracterizados por confrontaciones y conflictos, han sido
documentados en diversas especies animales. Los conflictos intraespecificos son mas
comunes en poblaciones estructuradas socialmente, como en la nutria gigante
(Pteronura brasiliensis), una especie gregaria y territorial. En este estudio, presentamos
la evolucidn de lesiones resultantes de una disputa territorial entre dos grupos de nutrias
gigantes durante la estacion seca en una zona turistica alterada del Pantanal brasilefio.
Las lesiones de un macho dominante mostraron una progresion desfavorable de miasis
que culmind en la muerte del individuo, con implicaciones para la dinamica social del
grupo y la conservacion de la poblacion.
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RESUMO: CONFLITO ENTRE GRUPOS E MORTALIDADE CAUSADA POR
MIIASE EM UMA ARIRANHA DO PANTANAL BRASILEIRO:
IMPLICACOES PARA A CONSERVACAO POPULACIONAL

Encontros agonisticos, caracterizados por confrontos e conflitos, tém sido
documentados em diversos taxa animais. Conflitos intraespecificos sdo mais comuns
em populacdes socialmente estruturadas, como no caso da ariranha (Pteronura
brasiliensis), uma espécie gregaria e territorial. Neste estudo, apresentamos a evolugdo
das lesGes resultantes de uma disputa territorial entre dois grupos de ariranhas durante
a estacdo seca em uma area impactada pelo turismo no Pantanal brasileiro. As lesGes
de um macho dominante apresentaram miiase com progressao desfavoravel, levando a
morte do individuo, trazendo implicacdes para a dindmica social do grupo e para a
conservacao da populacéo.
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