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Abstract. Piebaldism, leucism or albinism are different types of pigmentation anomalies related to the excess or deficit of
pigmentation in some regions or in the whole body of an animal. It is extremely rare in peccaries and has never been reported for
Tayassu, a genus endemic to Neotropical region. Tayassu pecari, known as white-lipped peccaries (WLP’s), have behaviors and
ecology well documented in literature, but there is no published scientific information about pigmentation anomalies. Here, we
report the first records of anomalous individuals (leucism and piebaldism) for WLP’s in locations of Central Brazil. During
fieldwork for mammal survey (2010-2020) search for individuals with pigmentation anomalies were carried out in ten sites spread
across four Brazilian biomes: Atlantic Forest, Cerrado, Amazon Forest, and Pantanal. Thirteen individuals were registered
throughout eight locations in the last three biomes. All these individuals were part of a herd in which most individuals occurred
with normal pigmentation. The Cerrado was the most representative biome in which individuals with abnormal pigmentation were
recorded (46.2%) followed by the Amazon (30.8 %) and the Pantanal (23.0%). Despite the long-term survey by camera traps (70,000
nights of camera traps), only 0.1% of the records were of WLP with anomalous coloration. Our work presents, for the first time,
WLP with leucism and piebaldism, and a range of chromatic variations. It was not possible to determine how leucism affects the
health and survival of the individuals that have it, therefore, our work encourages future field studies that can monitor the behavior

and fitness of those individuals for extended periods.
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Introduction

Coloration anomalies in vertebrates may occasionally occur
due to excess or deficiency in melanin synthesis in some
body parts or the whole body (Acevedo & Aguayo 2008).
Anomalous color patterns have been classified as albinism
(i.e., total absence of coloration), leucism (i.e., absence of
pigmentation except for the eyes and/or extremities) or
piebaldism (i.e., loss of pigmentation in some parts of the
body, but with normal eye coloration) (Acevedo & Aguayo
2008, Fertl & Rosel 2009). Even though anomalies in
coloration have been recorded in many species of
Neotropical mammals, reported cases of albinism, melanism,
and leucism can be considered rare (Abreu et al. 2013).

Cases of anomalous coloration have been observed in
terrestrial Neotropical mammals including rodents and
marsupials (Abreu et al. 2013, Brito & Valdivieso-Bermeo
2016, Garcia-Casimiro & Santos-Moreno 2020), primates
(Aximoff & Vaz 2016, Espinal et al. 2016, Aximoff et al.
2020), carnivores (Aximoff & Rosa 2016, Sobroza et al. 2016,
Mello et al. 2020), and ungulates (Landis et al. 2020, Ribeiro
& Siqueira-Silva 2020). In ungulates, the first records of
anomalous coloration in Tayassuidae were those of collared
peccary (Pecari tajacu) individuals with leucism, observed in
the Atlantic Forest biome, Parana State, Southern Brazil
(Veiga 1994, Da Silva et al. 2019).

Tayassu pecari (Link, 1795), Tayassuidae, known as white-
lipped peccaries (WLPs), are restricted to the Neotropical
Region, from southeastern Mexico in the north, through
Central America and northern and central South America, as
far south as southern Brazil, and Entre Rios Province in the
north of Argentina (Donkin 1985, Sowls 1997). The home
range of a single herd can vary in size from 15 to 200 km?
(Keuroghlian et al. 2004, Reyna-Hurtado et al 2009,
Keuroghlian et al 2015). They are found in a wide diversity
of habitats including grasslands, savannas and woodlands,
xerophytic areas like the Gran Chaco and Caatinga, humid
tropical forests, tropical dry forests, coastal mangroves, and
agricultural landscape (Sowls 1984, Desbiez et al. 2009,
Jacomo et al. 2013, Jorge et al. 2019).

WLPs are unique among large forest mammals because
there is no apparent sexual dimorphism, and they have a
promiscuous mating system (Leite et al. 2018). They are the
only rainforest ungulates which form socially cohesive herds
of 50 to 300 individuals so their effects on forest habitats can
be dramatic (Beck et al. 2018, Keuroghlian et al. 2017).
Extirpation of WLPs from a rainforest area cause habitat
alterations and additional biodiversity losses (Sowls 1997,
Beck et al. 2018). Studies have shown that their role as fruit
predators and dispersers affects biodiversity in forest
habitats (Desbiez et al. 2009, Keuroghlian & Eaton 2008,
2009, Taber et al. 2016, Beck et al. 2018, Hendges et al. 2019).
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Documented extirpations of WLPs from large, protected
areas across their biogeographical range (Mexico to
Argentina) have shown that protected areas alone are not
adequate to ensure the survival of the species (Keuroghlian
et al. 2017, Lima et al. 2018, Jorge et al. 2019). Their IUCN
species status is vulnerable for their full geographic range,
but it varies across Brazilian biomes from endangered in the
Cerrado to critically endangered in the highly fragmented
Atlantic Forest (Keuroghlian et al. 2012, 2017).

An adult WLP exhibits dark coloration, with white fur
around its mouth, chin, and lower cheek (Sowls 1984). On
the other hand, WLP piglets have a mixed red, brown, and
cream-colored coat with a dark dorsal band. Skin, hair, and
eye color in mammals mainly depend on the quantity,
quality, and distribution of melanin (Fertl & Rosel 2009).
This pigment is produced in melanocytes, primarily found
in the epidermis, eye, and hair follicles (Hofreiter &
Schoneberg 2010). Here, we report the first records of
anomalous coloration (leucism and piebaldism) for WLP’s in
various locations of Central Brazil.

Material and Methods

Between 2010 and 2020, we carried out mammal surveys in ten sites
spread across four Brazilian biomes: Atlantic Forest, Cerrado,
Amazon, and Pantanal (Figure 1, Table 1). The records were
obtained through different approaches: direct observations, captures,
and camera-traps (for more details see Table 1). Our sampling effort
was under 70,000 camera-trap nights.

In the Atlantic Forest, surveys were carried out in five protected
areas, located in Southeast Brazil (one in Rio de Janeiro State and two
in Minas Gerais State), South Brazil (Santa Catarina State) and
Central Brazil (Mato Grosso do Sul State) (see details in Table 1). In
Southeastern and Southern Brazil, we selected sites inside dense
montane rainforest, and in Central Brazil the study was carried out
inside riparian and lowland forests.

In the Pantanal, surveys were carried out at four sites located in

Central Brazil (three sites in Mato Grosso do Sul State and one site in
Mato Grosso State). The studies in the Pantanal were carried out in
the municipality of Bardo de Melgaco (one site), in the South of the
State of Mato Grosso, and in the municipalities of Coxim (one site)
and Aquidauana (two sites), respectively located in the North and
Central region of the State of Mato Grosso do Sul. In the
municipality of Bardo do Melgaco, a total of 480 sample units (i.e.,
locations for installed camera traps) were sampled for three
consecutive weeks in different areas inside and around the Sesc
Pantanal Private Natural Heritage, in area with monospecific forests
of Vochysia divergens (Vochysiaceae), also known as Cambarazal.
In the Cerrado, surveys were carried out on nine sites located on
Central Brazil (four sites in Mato Grosso do Sul State, two in Goias
State and one site in Mato Grosso State), and Northern Brazil (two
sites in Tocantins State). In the municipality of Nova Mutum, Mato
Grosso State, the survey was carried out inside a remnant of Cerrado
vegetation that borders the Arinos River. The neighboring sites in
the municipalities of Chapaddo do Céu and Mineiros (Goias State)
and Costa Rica (Mato Grosso do Sul State), were close to the Emas
National Park boundaries.

In the Amazon, surveys were carried out at five sites located on
Central Brazil (Mato Grosso State) and on Northern Brazil (Para and
Amapa States). In Mato Grosso State, the studies were carried out in
the municipalities of Vera and Paranaita. In Vera, the survey was
carried out inside a large remnant of dense rainforest that borders
the Nandico River, where the forest fragments are surrounded by
large-scale agricultural areas. In Para State, the studies were carried
out in the Saraca Taquera National Forest and in the municipality of
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Jacaréacanga. In Amapéd State, one site was surveyed in the
municipality of Porto Grande.

Bolivia

162,5 325 650
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Figure 1. Location of studied areas (yellow points) and of records
of white-lipped peccaries with leucism and piebaldism (red
points) in Brazil. Brazilian states: GO = Goias, MT = Mato
Grosso and MS = Mato Grosso do Sul, AP = Amap4, PA = Para,
TO = Tocantins, MG = Minas Gerais, R] = Rio de Janeiro, SC =
Santa Catarina. Domain colors: Cerrado (light brown), Pantanal
(purple), Atlantic Forest (light blue) and Amazon Forest
(green).

Results

Over the course of 10 years, eight picture and video records
were obtained, in which it was possible to count WLPs
(adults and young) with abnormal pigmentation (Table 2).
Thirteen individuals were registered in eight locations of
three States on Central Brazil: Mato Grosso (n= 9 records),
Goids and Mato Grosso do Sul (n= 2 records for each)
(Figure 1). In less than 0.1% of 69,467 camera-trap nights of
sampling the appearance of WLP’s with anomalous
coloration was registered. On all occasions these individuals
were part of a herd in which most individuals occurred with
normal pigmentation.

Pantanal biome

The first three individuals with leucism were recorded on
August 18th, 2010 (Pantanal dry season) during a survey
inside Sesc Pantanal Private Natural Heritage. In this survey,
out of 514 WLP camera trap records, only in one picture
were identified three individuals with leucism (Figure 2, A).
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The leucistic individuals seemed to be perfectly integrated in
a large herd of about 100 individuals.

In the State of Mato Grosso, one record of a leucistic
individual was obtained from a camera trap, in the
municipality of Nova Mutum, (Figure 2, D and E). A second
record was also of a leucistic individual hunted by the
Xavante Indians at the edge of the riparian forest of the
Jatoba River, in the municipality of Nova Xavantina (Figure
2F). The individual was between 6 and 10 months old, since
he still did not have the third molar tooth. In the State of
Goias, in the municipalities of Chapadao do Céu and
Mineiros, and in the State of Mato Grosso do Sul in the
Municipality of Costa Rica, records were obtained of animals
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moving between Emas National Park and the adjacent
agricultural areas. In the first record, a yellowish individual
was observed with a herd while crossing a dirt road in
Chapadao do Céu (Figure 2G). The second record was of an
individual with piebaldism, and it was taken during a
camera trap survey (1 out of 7587 records, in Mineiros)
(Figure 2H). The record revealed this individual along with
at least 21 others peccaries.

Amazon Biome

Four individuals with leucism were recorded on July 12th
2014 inside a large remnant of dense rainforest that borders
the Nandico River, in the municipality of Vera.

Table 1. White-lipped peccaries records in studies using camera traps in Brazil between 2010 and 2020. Brazilian states: Para
(PA), Rio de Janeiro (R]), Minas Gerais (MG), Goias (GO), Mato Grosso (MT), and Mato Grosso do Sul (MS).

Trap-

Biome Year . Location (State) Reference
nights
E 2010-2012 3,885 Itatiaia National Park (R]) Aximoff et al. 2015
E 2013-2016 6,977 Alto Montana Private Reserve (MG) Mazza et al. 2018
g 2015-2019 7,300 Rio Vermelho Protection Area (SC) Hubel et al. (2020)
§ 2019-2020 330 Ivinhena State Park (MS) This study
< 2017-2018 400 Ave Lavrinha Private Reserve (MG) Aximoff et al. (unpublished data)
2011-2016 5,005 Corguinho (MS) This study
. . Dossel Ambiental and Raukow
2018-2018 120 Rio Brilhante (MS) Consultoria Ambiental (unpublished data)
2017-2020 9840 Mineiros and Chapaddo do Céu (GO) Sindicato Rural de Chapadao do Céu,
e ! and Costa Rica (MS) CENAP and TSI (unpublished data)
> s . .
é 2020-2020 1,440  Nascentes do Rio Taquari State Park (MS) ?;;i*}f‘;f;?é&ig;ﬁjﬁ: ddc‘l’af;u’
2014-2015 224 Nova Mutum (MT) Paula et al (unpublished data)
2011-2017 1,350 Arraias (TO) Itafés Arraias Mineracao (Itafds)
2011-2013 480 Pedro Afonso (TO) Engetec Engenharia Ambiental
(unpublished data)
— 2010-2013 7,431 SESC private Reserve, Bardo de Melgago (MT)  This study
% 2019-2019 240 Coxim (MS) This study
§ 2012-2015 2,122 Aquidauana (MS) This study
- 2007-2008 835 Aquidauana (Upper Rio Negro) (MS) Eaton et al. 2017
, . Mineragdo Rio do Norte and Biota
2017-2018 17,520 Saraca Taquera National Forest (PA) . .
Consultoria (unpublished data)
2 2014-2015 224 Vera (MT) Paula et al (unpublished data)
% 2015-2019 1152 Paranaita (MT) Biolex C.onsultoria Ambiental
g (unpublished data)
g Biolex Consultoria Ambiental
g 2015-2019 1,152 Jacaréacanga (PA) (unpublished data)
2015-2018 1440  Porto Grande (AP) Biolex Consultoria Ambiental
(unpublished data)
Total 69,467
Discussion tayra (Eira barbara) was observed directly in the same site

We are unaware of previous photographic evidence of
white-lipped peccaries with any coat color anomalies in the
Neotropics (Abreu et al. 2013, Da Silva et al. 2019). The small
number of records (eight total), derived from high sampling
effort (ten years and 69,467 camera-trap nights), suggests
that the occurrence of anomalous coloration in WLPs is rare.
In another study (Da Silva et al. 2019), in a period of 27
months, cameras trap recorded 22 independent events of
leucistic collared peccary (alone or interacting with
pigmented conspecifics). In the Central Amazon, a leucistic

where eight other tayras with typical coat coloration were
photographed after 1,800 camera-trap nights, and it was
suggested that the leucistic phenotype was locally rare
(Sobroza et al. 2016).

This calls into question the ability of individuals with
anomalous coloration to survive and avoid predation; for
example, this condition could make these individuals more
visually conspicuous and subject to predation considering
they are more easily detected (Abreu et al. 2013). However,
in the particular case of WLPs, the very low frequency of
individuals with abnormal color in populations could
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prevent them from being identified as preferred prey,
especially when they are part of a herd with many
individuals.

Da Silva et al. (2019), considered that the survival of the
leucistic collared peccaries may be associated with its social

interaction with pigmented conspecifics herds. For example,
most records of neotropical albino snakes are composed of
species that have nocturnal habitats, and it is suggested that
the nocturnal prevalence of occurrences is due to the
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pressure exerted by visually oriented predatory birds during
the day (Sazima & Di-Bernardo 1991).

Additionally, in the regions that we recorded WLPs with
abnormal coloration, there are other medium and large
mammals such as cervids, anteaters, tapirs and agoutis,
which are also preyed upon by top-predators such as jaguars
and pumas (also WLPs predators - Cavalcanti & Gese 2010,
Paviolo et al. 2016).

Figure 2 Records of white-lipped peccaries with
leucism in central Brazil. A) individual with
leucism in Bardo de Melgago (MT); B, C) captured
individuals with normal color and leucism in
Corguinho (MS); D, E) individuals with normal
color and leucism in Nova Mutum (MT); F)
individuals with normal color and leucism (red
arrow) in Chapadao do Céu (GO); G) individuals
with normal color and one with piebaldism in
Mineiros (GO); H) captured individual with
normal leucism in Nova Xavantina (MT).

Table 2. Records of white-lipped peccaries with leucism and piebaldism in the northern
and central Brazil between 2010 and 2019. Brazilian states: Para (PA), Goias (GO), Mato
Grosso (MT), and Mato Grosso do Sul (MS). Abbreviation: N = number of records.
(*The same red point in Figure 1 due to the proximity of the records.)

Date N  Method Location (State) Vegetation Anomaly
range type Type
Aug?2010 3 cam.trap Bardode Melgaco (MT)  Pantanal Leucism
Feb2014 1 cam.trap Nova Mutum (MT) Cerrado Leucism
Jun2014 1  capture Corguinho, (MS) Cerrado Leucism
Jul 2014 4  cam.trap Vera, (MT) Amazon Forest Leucism
Jan 2019 1  transect Costa Rica (MS¥) Cerrado Leucism
Feb2019 1  transect Chapadao do Céu (GO*)  Cerrado Leucism
Nov2019 1 cam.trap Mineiros (GO*) Cerrado Piebaldism
Oct2020 1  capture Nova Xavantina (MT) Cerrado Leucism
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The occurrence of other potential prey can decrease a
possible negative predatory effect of animals with abnormal
coloration, thus favoring their survival (Da Silva et al. 2019).
Another factor that is probably important for the survival of
these individuals with leucism is the acceptance of other
herd members, which provides additional protection from
predation (Da Silva et al. 2019). In this sense, it seems more
plausible to a predator to target older, injured, or piglets
instead of a healthy young adult, well integrated with the
herd, just because of its distinct color.

In wild populations of other species like some snakes
and mammals, cases of anomalous coloration are rare for
include potential
predation, reduction in prey capture success, and disruption
of mate attraction (Sazima & Di-Bernardo 1991, Sobroza et
al. 2016, Borteiro et al. 2021). Furthermore, individuals with
different color abnormalities have been recorded to have

several reasons which increase of

altered immunological pathologies, such as sensory or nerve
defects, anemia, reduced fertility, higher susceptibility to
disease, and poor vision (Acevedo & Aguayo 2008, Summers
2009). Studies have shown that leucism can affect survival
rates (Espinal et al. 2016), as well as interfere in breeding
success (Abreu et al. 2013, Aximoff & Rosa 2016, Mello et al.
2016). However, a herd of WLPs with one or more
individuals with a form of leucism should not affect how
they interact with each other because they have poor vision,
and animals usually interact through grooming and rubbing
of their scent glad on each other (olfactory) (Sowls 1997,
Sutherland-Smith 2015). The results of this study seem to
indicate that individuals with leucism were well integrated
in the herd. Nevertheless, further studies are needed to
confirm that this is indeed the case.

Our work presents, for the first time, WLPs with leucism
and piebaldism, and a range of chromatic variations. Since it
is not possible to conclude how leucism affects the health or
survival of those individuals, our work encourages future
studies that monitor the behavior and fitness of individuals
abnormal pigmentation for extended periods. Additionally,
we consider essential that future studies with other
Tayassuidae species report abnormal pigmentation cases for
a better understanding of the frequency of cases with
anomalous coloration and chromatic variations in the family
Tayassuidae.
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