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Abstract

Variations  in  colouration  patterns  have  been  reported  in  numerous  wildlife  species,

particularly birds. However, the increased use of camera traps for wildlife monitoring has

enabled the detection of elusive species and phenotypic variations that might otherwise

go undetected. Here, we compiled records of unusual colouration patterns in terrestrial

mammals,  documented  through  camera-trap  studies  over  a  12-year  period  in  the

Llanganates-Sangay  Connectivity  Corridor,  in  the  Tropical  Andes  of  Ecuador.  We

identified colour variations in seven species of terrestrial mammals, including disorders,

such as melanism, white spotting/ piebaldism, xanthocromism and progressive greying.

Notably, we reported a high prevalence of melanism in wild populations of the clouded

oncilla, along with observations on the species' activity patterns. Approximately half of the

recorded clouded oncillas were melanistic. We detected significant differences in activty

patterns between melanistic and non-melanistc clouded oncilla, with melanistic morphs
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showing a peak of activity between 3 a.m. and before dawn. The proportion of melanistic

individuals suggests that melanism is widespread throughout the corridor. However, its

impact on the species' fitness remains unclear.
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Introduction

Camera  trapping  is  an  effective  and  non-invasive  technique  for  wildlife  monitoring. It

provides insights into  the species behaviour, spatial  distribution occurrence, predation

and other ecological features which are difficult to observe directly (Delisle et al. 2021, 

Macas-Pogo et al. 2023). Camera trapping allows us to  collect information on elusive

species, which commonly occur at low densities and whose museum records are scarce,

like medium and large-size mammals (Tobler et al. 2008). In addition, it allows for the

identification of less frequently occurring phenotypic traits that may not be detected using

different sampling methods. One of these observable traits is the presence of unusual

colouration patterns, which can arise from variations in diet or the expression of specific

mutations often found in genetically isolated populations (Hubbard et al. 2010).

Colour variation can be found in reptiles, birds, mammals, fish and even anurans. It is

typically characterised by differences in the concentration of melanin and, although less

common in mammals, by variations in the absorption of carotenoid pigments from their

diet (van Grouw 2013, Lindgren et al. 2015, Galván et al. 2016). Carotenoid levels are

affected by diet, so, when resolving the dietary deficiencies, unusual colouring patterns

disappear  (van  Grouw  2006). On  the  other  hand, melanin  is  a  family  of biopolymers

distributed throughout epidermal  tissue. Its synthesis relies on the amino acid tyrosine

and has a genetic basis. It can be inhibited by mutations that affect the enzyme tyrosinase

(van Grouw 2006, Fertl and Rosel 2009, Lindgren et al. 2015). Melanin is responsible for

dark colour tones, which can vary depending on the pathways mediated by the presence

of thiol compounds. In the absence of thiols, eumelanin is produced, while the presence

of cysteine results in pheomelanin synthesis (Prota 1992). Eumelanin pigments result in

black, grey and brown tones, while yellow to reddish pigments are due to pheomelanin

(Ito and Wakamatsu 2003, van  Grouw  2006,  van  Grouw  2013).  However,  the  colour

expression depends on the combination of both melanin pigments (Prota 1992, Ito and

Wakamatsu 2003). The lack or defect in tyrosinase prevents melanin synthesis, thereby

causing albinism. As a result, the albino's body appears colourless, while the skin and

eyes exhibit a  reddish  hue  due  to  the  visibility  of internal  blood  vessels. Conversely,

melanistic  phenotypes may arise  from disorders in  melanin  deposition, resulting  from

either  variation  in the  quantity  or  type  of  melanin  produced  (i.e.  eumelanin  or

pheomelanin) often leading to darker colouration in melanistic individuals (Caro 2005, 

van Grouw 2006, van Grouw 2021). When melanin is normally produced, but does not
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deposit in  cells, it results in  white colouration due to the lack of pigment on the body,

while  the  eyes and skin  maintain  normal  colouring  patterns (i.e. leucism) (van Grouw

2006, Lucati and López-Baucells 2017, van Grouw 2021). Similarly, white spotting is the

congenital  absence  of functional  melanocytes due  to  various mutations, including  the

piebald gene, which has led to generically call this disorder piebaldism. White spotting is

characterised by distinct white marks resulting from the localised absence of melanocytes

in the hair follicles or epidermis (Fertl and Rosel 2009, Lamoreux et al. 2010, Abreu et al.

2013, Lucati and López-Baucells 2017, Streeting et al. 2023). From now on, we will refer

to this condition explicitly as piebaldism to avoid confusion with other studies (Lucati and

López-Baucells 2017). Progressive greying, often confused with partial leucism, refers to

the  gradual  loss of pigmentation  that occurs with  successive  moults. It results  from a

failure to incorporate melanoblasts into new hair growth, leading to a lack of pigmentation

as  individuals  age. Consequently,  affected  individuals  display  non-pigmented  diffuse

areas throughout the body (Lamoreux et al. 2010).

Gloger’s  rule  states  that  mammals  in  the  Tropics  are  more  likely  to  exhibit  dark

colourations and, thus, are prone to develop melanism (Caro 2005, Caro and Mallarino

2020, Mooring  et  al.  2020),  with  factors  like  temperature,  humidity,  forest  cover  and

vegetation density being the more influential variables (Delhey 2019, Caro and Mallarino

2020, Mooring et al. 2020). Unusual colouration patterns in mammals can be detrimental

to  their  fitness (i.e. survival  rate, reproductive  success and  energy contribution  to  the

ecosystem) (Peacock 2011), by making individuals more visible to predators, sometimes

less sexually desirable, presenting higher heat absorption levels, as well as increasing

the predator's exposure to their prey, impacting on their survival probability (van Grouw

2006, Abreu  et al. 2013, Mooring  et al. 2020, Streeting  et al. 2023). Moreover, some

genetic  mutations  that cause  unusual  colouration  patterns  are  pleiotropic; they  affect

multiple  developmental  processes  beyond  colour,  which  may  indicate  underlying

physiological alterations (Lamoreux et al. 2010).

Reporting unusual colouration in wildlife enhances our understanding of various aspects

of their behaviour and biology. This includes describing the colour patterns of different

species,  clarifying  species  taxonomy,  studying  how  colour  affects  survival  rates  and

sexual  selection  and  exploring  its  influence  on  predator-prey  interactions,  predatory

success  and  the  physiological  implications  of colour  variation  at both  individual  and

population levels (van Grouw 2006, Abreu et al. 2013, Caro and Mallarino 2020, Aximoff

et al. 2021). For instance, it is crucial  to  identify whether certain  colour variations are

more prevalent in populations exposed to specific factors and to determine their impact

on species vulnerability.

The Tropical Andes are considered a biodiversity hotspot (Myers et al. 2000). In Ecuador,

the eastern slopes of the Andes are deemed a priority area for conservation due to their

rugged  topography  and  well  preserved  natural  habitat  remnants  which  support  high

levels  of  biodiversity  and  endemism (Jost  2004, Reyes-Puig  et  al.  2022).  We  report

records of unusual colouration in medium-sized mammals from the Llanganates-Sangay

Connectivity Corridor (CELS) in Ecuador. We gathered independent camera-trap records

of distinct colouration anomalies in various mammal species from different studies within
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CELS  and  compared  the  proportion  of  these  anomalies  in  each  species.  We  also

assessed the effect of these anomalies on the activity patterns of felids.

Materials and methods

Study area

We conducted the study in the eastern slopes of the Tropical Andes in Ecuador, in the

Llanganates-Sangay Connectivity Corridor (CELS) (Ríos-Alvear and Reyes-Puig 2015, 

Ríos-Alvear et al. 2024). The CELS encompasses 92,148 hectares in the transition zone

between the Ecuadorian Amazon and the Andes, ranging from 760 to 3,812 elevation m.

The  strategic  location  of  CELS  promotes  the  habitat  connectivity  between  the

Llanganates  and  Sangay  National  Parks  across  a  human  dominated  landscape. It

comprises areas of natural vegetation in 90% of its total extension which have allowed

the establishment of private  conservation initiatives in  half of its extension. Other land

uses include agriculture and cattle ranching areas (Ríos-Alvear et al. 2024). The rugged

topography of CELS shapes the formation of biogeographic barriers, favouring species

endemism (Jost 2004, Haynie et al. 2006, Reyes-Puig et al. 2022) and contributes to the

occurrence  of  natural  habitat  remnants  that  serve  as  critical  habitats  for  threatened

species (Ríos-Alvear et al. 2024). The CELS is characterised by hyper-humid weather

conditions, with a rainfall regime that exceeds 5000 mm annually (Ilbay-Yupa et al. 2021)

and mean temperature of 19°C.

Camera-trap records

We compiled camera-trap records from four studies carried out between 2011 and 2024

in CELS, as well  as casual  records shared by park rangers from the Sangay National

Park, one museum record and one record of a melanistic deceased L. pardinoides that

was run over. Studies were conducted with specific objectives, varying sampling efforts,

spatial coverage and at different elevation ranges (Table 1). Nevertheless, camera-trap

placement was  along  wildlife  trails  within  natural  vegetation. All  studies  placed  their

camera-trap stations in the exact same location during the study period. We consider as

an independent record those pictures or videos of the same species taken at the same

camera-trap station with an interval of more than 60 minutes (Rovero and Marshall 2009).

Cameras were operational  24 hours a day without the use of bait. Pictures of unusual

colourations were observed and chosen for taxonomic identification and to validate the

colour pattern.

Identification of unusual colourations

Due to  the  fact that most of our records were  obtained  from camera  traps, which  are

subject  to  variations  in  image  quality  and  resolution,  we  categorised  the  unusual

colouration  into  five  main  categories.  Four  of  them  were  phenotypically  identified

following Lucati and López-Baucells (2017) (Fig. 1) and the fifth category corresponds to
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progressive greying (Lamoreux et al. 2010). We assumed that leucism and piebaldism

differ due to varying degrees of pigmentation absence, with piebaldism exhibiting well-

defined  patches  lacking  pigmentation,  while  progressive  greying  appears  as  diffuse

depigmentation  along  the  entire  body. During  the  identification  process, each  author

reviewed the records individually and then discussed their findings to  agree upon the

identifications.  When  we  could  not  reach  a  consensus  on  the  species'  taxonomic

identification  (particularly  in  felids)  or  the  identification  of  its  corresponding  unusual

colouration pattern, we resolved the discrepancies by consulting experienced colleagues

who acted as external reviewers.

Source Year N° of

sampling

stations

Sampling effort

(trap/nights)

N° of records of

unusual colouration

patterns

Reyes-Puig and Ríos-Alvear (2013) and Ríos-

Alvear and Reyes-Puig (2013)

2011–

2012

10 1100 1

Reyes-Puig et al. (2023) 2019–

2021

30 2532 1

This study (as part of Ríos-Alvear et al.,

unpublished data)

2022–

2024

62 21475 53

This study: two casual encounters with

melanistic Leopardus pardinoides (one dead and

one run over)

2023–

2024

- - 2

Activity patterns

Activity patterns have  been defined  as “the  temporal  structure  of physical  activity and

sedentary behaviour [movement behaviours] accumulated over a specified time period

during  the  waking  hours”  (Ridgers  et  al.  2023).  However,  two  related,  but  distinct

definitions are involved: activity patterns and levels. Activity patterns correspond to the

distribution  of an  animal's activity based  on  light and  environmental  factors variations

throughout the day, with three general  categories: diurnal, nocturnal  and crepuscular (

Ashby 1972). Activity levels represent the proportion of time during which the organism is

considered  active  (Rowcliffe  et al. 2014). We  agreed  that an  animal  was considered

"active" if it was recorded as "moving" in front of the camera trap (e.g. walking, running,

foraging or hunting).

We analysed the activity patterns of species with the most independent records showing

unusual  colouration,  specifically  the  clouded  oncilla  (Leopardus pardinoides)  and

margay (L. wiedii), which co-occur in the study area. We extracted the total independent

records of non-melanistic  individuals and  those  exhibiting  melanistic  colouration. The

activity patterns of the non-melanistic and melanistic independent records were analysed

with the package 'Activity' (Rowcliffe 2023) in R version 4.3.3 (R Core Team 2023). We

Table 1. 

Sources of information in our study.
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fitted kernel density functions to wildlife activity time data to estimate activity levels and

patterns from the observed independent records. We converted the dates and times into

radians, then  calculated  the  circular  mean  for  each  dataset (total  records of clouded

oncilla, common coloured clouded oncilla, melanistic clouded oncilla and margay total/

common colouration). This allowed us to represent the average direction of the radian

values for each group. To estimate the species activity, we used the 'fitact' function with

9,999 repetitions and, for comparing the activity levels between datasets, we performed

the  Wald  test  using  the  'compareAct'  function.  Additionally,  to  compare  circular

distributions,  we  used  the  'compareCkern'  function  with  9,999  repetitions,  which

calculates the  overlap  index "Dhat4" for  pairs of fitted  distributions. We estimated  the

overlap  coefficient (Δ)  between  datasets, considering  0  for  no  overlap  and  1  for  total

overlap  (Ridout  and  Linkie  2009).  We  used  Δ  following  the  recommendations  of

Meredith  and  Ridout  (2017) for  small  sample  sizes.  We  created  plots  using  the

"overlapPlot"  function  from the  "overlap"  package  (Meredith  et  al.  2024)  to  visualise

kernel  density.  For  our  plots,  we  set sunset at  6:00  pm and  sunrise  at 6:00  am, as

temporal variations related to sunrise and sunset are minimal in continental Ecuador and

have  been  applied  in  similar  studies  (Salvador  and  Espinosa  2016,  Espinosa  and

Salvador 2017).

4

Figure 1.  

Criteria for  identifying unusal colouration following the phenotypic identification of Lucati and

López-Baucells (2017).  A. Albino Coendou rufescens with completely white fur  due to the

melanin absence along with pinkish or  reddish eyes and skin (Picture from Romero et  al.

(2018)).  B. Melanistic clouded oncilla exhibiting dark colouration due to excessive melanin.

Melanism can occur  throughout the entire body or  in specific areas (i.e.  partial melanism)

(Picture from this study). C. Leucistic Coendou prehensilis exhibiting pale to white colouration

throughout its body, while retaining normal pigmentation in its eyes and skin (Picture from

Romero-Briceño and González-Carcacía (2020)). D. Dasyprocta fuliginosa specimen showing

white spotting, a condition commonly known as piebaldism. The specimen displays a clearly

defined and localised absence of  pigmentation ventrally,  resulting  in  a  distinct  white  patch

(Picture from Mejía Valenzuela (2019)).

 

6 Viteri-Basso E et al

https://arpha.pensoft.net/zoomed_fig/12014480
https://arpha.pensoft.net/zoomed_fig/12014480
https://arpha.pensoft.net/zoomed_fig/12014480
https://doi.org/10.3897/BDJ.12.e137463.figure1
https://doi.org/10.3897/BDJ.12.e137463.figure1
https://doi.org/10.3897/BDJ.12.e137463.figure1


Results

Unusual colouration records

We compiled  a  total  of 57  unusual  colouration  records encompassing  seven  different

species:  black  agouti  (Dasyprocta fuliginosa),  tayra  (Eira barbara),  clouded  oncilla  (

Leopardus pardinoides), margay (Leopardus wiedii), brown-nosed coati (Nasua nasua),

western  mountain  coati  (Nasua olivacea)  and  southern  tamandua  (Tamandua 

tetradactyla). Fifty-one of these were records of melanistic felids (Leopardus spp.). We

documented only one independent record of a melanistic margay (Fig. 2C). The species

with the most records was the clouded oncilla, with a total of 49 melanistic records (Fig. 2

D-F),  some  of  which  occurred  during  the  daytime  (Fig.  3A-C),  with  one  standout

observation  of  two  melanistic  individuals  together  (Fig.  3D).  The  proportion  of

independent records displaying  unusual  colouration  was low  for  most of the  species

(5.2% for margay, 4.7% for southern tamandua, < 2% in the other species), except for the

clouded  oncilla  in  which  almost  half  of  the  total  records  correspond  to  melanistic

individuals  (43.5%)  (Fig.  4).  We  also  included  a  camera  trap  record  of  a  melanistic

clouded oncilla, documented by rangers in Sangay National Park, along with a casual

observation of a road-killed melanistic clouded oncilla on the Guamote-Cebadas-Macas

road (lat. -2.183529, long. -78.330431).

Figure 2.  

Records of wild felids. A. Leopardus pardinoides recorded during the daytime. B. Leopardus

sp. recorded at night. C. Melanistic margay (L. wiedii). D -  F. Melanistic clouded oncilla (L. 

pardinoides).
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We recorded both melanistic and non-melanistic clouded oncillas at nearly 30% of our

sampling  locations  within  CELS. Notably,  melanistic  individuals  were  documented  at

44% of the sampling sites across the species' distribution range. Interestingly, in 15% of

our sampling locations, only melanistic clouded oncillas were observed (Fig. 5).

Figure 3.  

Records of melanistic individuals of clouded oncilla active during the daytime.

 

Figure 4.  

Proportion of independent records of  individuals with unusual colouration compared to those

with  common  colouration  for  each  species (based  on  the  count  of  independent  records

reported for each species in this article). Red colouration represents the independent camera-

trap records with unusual colouration.
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We documented unusual colouration patterns in several terrestrial mammal species that,

to our knowledge, have not been previously reported in the study area (Figs 6, 7). For

example, the brown-nosed coati usually has a body colouration ranging from pale yellow

to brown tones, with dark brown legs and conspicuous dark rings along the tail (Gompper

and Decker 1998) (Fig. 6A). The specimens in Fig. 6 (B and C) display a noticeable lack

of  pigmentation  across  the  body,  significantly  differing  from  the  typical  colouration

patterns reported for these species (Gompper and Decker 1998, Tirira  2007, Hayssen

2011, Brito et al. 2023). We recorded three species with piebaldism, a western mountain

coati  with  a  piebaldistic  mark  on  the  front  face  (Fig.  6D),  a  black  agouti  individual

exhibiting a well-defined mark in the dorsum, and a tayra with an elongated piebaldistic

mark on the shoulder (Fig. 7A and B). We recorded a specimen of a southern tamandua

lacking the dark vest shape and exhibiting a yellowish colouration in the back of the head

and  dorsum which  is  different from the  typical  colouration  (Hayssen  2011)  (Fig. 6E).

Additionally,  we  observed  variations  amongst  melanistic  individuals,  with  clouded

oncillas displaying different patterns: one exhibiting completely dark colouration (Fig. 7C)

and  another  showing  dark  colouration  with  subtle  visible  rosettes  in  the  background

(Fig. 7D).

Figure 5.  

Records of the clouded oncilla (Leopardus pardinoides) within CELS.
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Activity patterns

Both Leopardus species are primarily nocturnal, although the clouded oncilla shows a

slight increase in  activity during  the  day compared to  the  margay (Fig. 8A). However,

when we analysed the activity patterns of the clouded oncilla in more detail, melanistic

Figure 6.  

Records of unusual colouration in terrestrial mammal species. A. Brown-nosed coati displaying

the typical colouration pattern (Nasua nasua); B-C. Brown-nosed coatis exhibiting progressive

greying in the flank, head and part of the legs; D. Western mountain coati (Nasua olivacea)

exhibiting white spotting/piebaldism on the snout and part of the head, including the right eye;

E. Xanthochromism in Southern tamandua (Tamandua tetradactyla).

 

Figure 7.  

Records of  unusual colouration in terrestrial mammal species from CELS. A. Black agouti

exhibiting white spotting/ piebaldism in the lower  back; B. Tayra with a white spot/piebaldistic

mark in the back of its right shoulder; C. Melanistic clouded oncilla active at the daytime; D.

Melanistic clouded oncilla with visible dark rosettes at the flank.

 

10 Viteri-Basso E et al

https://arpha.pensoft.net/zoomed_fig/11446573
https://arpha.pensoft.net/zoomed_fig/11446573
https://arpha.pensoft.net/zoomed_fig/11446573
https://doi.org/10.3897/BDJ.12.e137463.figure6
https://doi.org/10.3897/BDJ.12.e137463.figure6
https://doi.org/10.3897/BDJ.12.e137463.figure6
https://arpha.pensoft.net/zoomed_fig/11446585
https://arpha.pensoft.net/zoomed_fig/11446585
https://arpha.pensoft.net/zoomed_fig/11446585
https://doi.org/10.3897/BDJ.12.e137463.figure7
https://doi.org/10.3897/BDJ.12.e137463.figure7
https://doi.org/10.3897/BDJ.12.e137463.figure7


individuals showed a distinct peak of activity around 3 a.m., where their activity is more

concentrated. In contrast, individuals with common colouration are most active between

6:30 and 9 p.m. (Fig. 8B). Similarly, margays also exhibit a peak in activity around 7 p.m.

(Fig. 8C and D).

Regarding  activity  levels  between  data-sets,  we  detected  no  significant  differences

between the clouded oncilla and margay (W = 1.872, p = 0.171), between melanistic and

typically coloured clouded oncilla  (W = 1.435, p = 0.230), between melanistic clouded

oncilla and margay (W = 0.003, p = 0.954) or between typically coloured individuals of

both  species (W = 1.337, p  = 0.247). On  the  other hand, activity  pattern  distributions

showed significant differences between melanistic and  non-melanistic clouded  oncilla

with a medium level of overlap (Δ = 0.74, 95% CI = 0.62 - 0.88, p = 0.04, Fig. 8B). The

activity  pattern  distributions  of  melanistic  clouded  oncilla  and  margay  did  not  differ

significantly and showed a medium overlap (Δ = 0.74, 95% CI = 0.55 - 0.90, p = 0.152,

Fig. 8C). The activity pattern distributions of non-melanistic clouded oncilla and margay

did not differ significantly and showed high overlap (Δ = 0.87, 95% CI = 0.80 - 0.99, p =

0.929, Fig. 8D). Finally, the distributions of the complete data-set of clouded oncilla and

margay did not differ significantly and showed high overlap (Δ = 0.82, 95% CI = 0.68 -

0.97, p = 0.791, Fig. 8A).

Figure 8.  

Activity patterns of clouded oncilla and margay from CELS. A. Activity patterns of clouded

oncilla (blue line) and margay (green dashed line) according to the total of records. Shaded in

grey is the overlapping of activity patterns by hours; B. Activity patterns of melanistic (black

line) and typically colouration records (red dashed line) of clouded oncilla; C. Activity patterns

of melanistic records of clouded oncilla (black line) and typically colouration records of margay

(green dashed line); D. Activity patterns of independent records with typically colouration only,

clouded oncilla (red line) and margay (green dashed line).
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We  include  standout  records  of  melanism  in  Leopardus species,  with  a  significant

proportion  of  daytime  activity  in  camera  trap  records  of  melanistic  individuals  in

comparison to non-melanistic ones. We also include proportions of all individual species

records in comparison to unusual records per species (Fig. 4).

Discussion

The  increasing  prevalence  of  unusual  colouration  in  mammalian  populations  raises

intriguing  questions  about  the  underlying  causes  and  potential  implications  for  wild

species. Historically, records of albinism, melanism and  other  pigmentation  disorders

have been geographically localised, often tied to specific genetic pools or environmental

conditions (Hubbard et al. 2010, Mooring et al. 2020). The records we reported comprise

different unusual colourations. Some appear to be individual-specific, suggesting a low

frequency  of  occurrence  of  mutations  within  the  species  population  (e.g.  Fig.  6D),

whereas others have been recorded previously and appear to be more frequent in wild

populations  (e.g.  Fig.  6E)  (Ríos-Alvear  and  Cadena-Ortiz  2019,  Cotts  et  al.  2023b).

However, the proportion of independent records exhibiting melanistic individuals of the

clouded  oncilla  allowed  us to  detect variations in  activity  levels, suggesting  temporal

segregation in crepuscular hours.

Camera traps are a low-invasive method for monitoring wildlife, allowing the detection of

elusive  species  and  types  of  behaviour  that  are  difficult  to  observe  using  traditional

sampling methods (Delisle et al. 2021). In this study, camera traps enabled us to identify

unusual  colouration  phenotypes, which, alongside  time  data, allowed  us to  elucidate

inter-  and  intraspecific  activity  pattern  variations  according  to  chromatic  differences.

However, image  resolution, light and  weather  conditions influence  the  picture  quality

limiting a detailed identification of each colouration pattern (Lamoreux et al. 2010). We

identified  two  types of chromatic  disorders, hypopigmentation  and  hyperpigmentation,

which  refer  to  dark tones due  to  the  high  melanin  concentration  or  lighter/pale  tones

resulting from low melanin concentration (Lamoreux et al. 2010, van Grouw 2006, van

Grouw 2013, Lucati and López-Baucells 2017, van Grouw 2021, Cotts et al. 2023a, Cotts

et al. 2023b). It is worth noting that genotype triggers phenotype, but in colour variation,

various mutations lead to the same phenotype, even when the mutations affect different

genes. For instance, the piebald gene is just one of the various genes affected by white

spotting (van Grouw 2006, Lamoreux et al. 2010, van Grouw 2021). Thus, to identify a

colour aberration, it is essential to characterise the underlying genetic base (Lamoreux et

al. 2010).

The lack of pigmentation in wild mammals is generally considered a disadvantage, as it

impacts the individual's camouflage, making it more visible to both predators and prey,

therefore reducing its chances of successfully evading predators and hunting effectively

(Caro 2005, van Grouw 2006, Abreu et al. 2013, Caro and Mallarino 2020, Aximoff et al.

2021, Streeting et al. 2023). However, we hypothesise that progressive greying in wild

populations of the brown-nosed coati may either be relatively common at the individual

level  or  result  from  a  lack  of  genetic  diversity  within  the  group  (van  Grouw  2006, 
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Lamoreux et al. 2010, Abreu et al. 2013). This is based on our observation of two brown-

nosed  coatis  from  the  same  group  displaying  this  disorder,  suggesting  fitness

implications (Guevara  et al. 2011, Silva-Caballero  et al. 2014) (Fig. 6B and  C). White

spotting/piebaldism is a  locally disrupted  melanocyte  production, that could  be  tied  to

inheritable traits as well as environmental pressures (Lamoreux et al. 2010, Mello et al.

2020). We recorded three instances of white spotting/piebaldism in different species, the

western mountain coati (Fig. 6D), the black agouti (Fig. 7A) and the tayra (Fig. 7B). While

piebaldism  has  previously  been  documented  in  black  agoutis  in  Ecuador  (Mejía

Valenzuela 2019, Fig. 1D), this is the first known record for the western mountain coati

and the tayra, although the latter has been reported with leucistic individuals (Tortato and

Althoff  2007,  Talamoni  et  al.  2017).  Information  about  the  western  mountain  coati's

colouration is limited; other authors have stated that the species' coat can vary from olive

brown  to  grey, including  pale  tones  with  yellowish  rings  at the  distal  part  of the  tail

(Helgen et al. 2009). To our knowledge, this is the first report of white spotting/piebaldism

in western mountain coatis. However, leucism in the genus has been previously reported

in Nasua narica, although we suspect it is a xanthochromatic individual (Silva-Caballero

et al. 2014). It is unkown the physiological  implications of white spotting/piebaldism in

western mountain coatis, particularly because genes affecting some unusual colouration

patterns are  pleitropic, meaning  they intervene  in  other phenotypic processes related

with the individual's normal development (Lamoreux et al. 2010). We consider that the

whitish colouration observed in the southern tamandua is evidence of xanthochromism

(Fig. 6D). The specimen has a pale colouration over most of its body, but the black face

mask, ears and tail  rule  out problems regarding  melanin  production  or transportation,

which cause albinism and leucism, respectively (van Grouw 2006, Lamoreux et al. 2010, 

van Grouw 2013, Lucati and López-Baucells 2017, Cotts et al. 2023b). Despite previous

records of colour variations in this species (Ríos-Alvear and Cadena-Ortiz 2019, Portillo

et  al.  2022,  Cotts  et  al.  2023b),  our  report  adds  to  the  growing  knowledge  of  its

colouration patterns.

Coat colour  polymorphism in  felids  has been  extensively  studied  (Eizirik  et al. 2003, 

Forsman et al. 2008, Schneider et al. 2015). The genetic basis of melanism in felids is

well  established, including its association with  genes such as ASIP (Agouti  Signalling

Protein)  and  MC1R  (Melanocortin-1  receptor),  which  regulate  the  expression  of  the

melanistic phenotype (Kingsley et al. 2009), the former being recessive (i.e. a  loss-of-

function mutation) and the latter dominant (i.e. a gain-of-fuction mutation) (Schneider et

al. 2015). However, it remains particularly intriguing to determine whether this mutation

offers  any  advantage  over  non-melanistic  individuals,  while  preserving  intraspecific

genetic diversity. Studies suggest that melanism has arisen independently multiple times

within different felid lineages (Eizirik et al. 2003, Schneider et al. 2012, Schneider et al.

2015, Graipel  et al. 2019), indicating  that the  evolutionary mechanisms behind  it are

complex and not fully understood (Schneider et al. 2015). Moreover, melanism appears

to be as ancient as common colouration, closely linked to circadian habits (Graipel et al.

2019)  and, due  to  its  high  prevalence  in  some  wild  felid  species, it  seemingly  lacks

deleterious effects (Schneider et al. 2015).
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Graipel  et  al.  (2019) recorded  a  total  of  170  independent  observations  of  oncillas

(Leopardus tigrinus) in  Brazil,  including  139  records  with  typical  colouration  and  31

melanistic records (i.e. 18%). In contrast, Mooring et al. (2020) reported 203 independent

records  of  oncilla,  including  65  melanistic  records,  representing  32%  of  the  total

observations. Our results include 127 independent records of the clouded oncilla, 44% of

which  are  from melanistic individuals. These studies, conducted with  similar sampling

efforts, place  our  findings  amongst the  highest reported. It  is  worth  noting  that other

pigmentary  disorders  may  be  confused  with  the  melanistic  phenotype.  For  example,

pigment-type  switching  can  result  in  the  brown  phenotype,  which  involves  the

overexpression  of pheomelanin  relative  to  eumelanin  (Lamoreux et al.  2010). In  this

sense, camera-trap  records limit our  ability  to  make  more  detailed  distinctions based

solely on images. In addition, due to the recent taxonomic reorganisation of Leopardus

spp. (Bonilla-Sánchez et al. 2024, de Oliveira et al. 2024), these data are relevant to L. 

pardinoides. The  high  proportion  of melanistic L. pardinoides suggests that melanism

may offer an advantage. Some authors have proposed that melanism in felids may be

favoured by natural selection (Eizirik et al. 2003, Schneider et al. 2015), but the adaptive

fitness  in  wild  populations  remains  uncertain,  warranting  further  investigation.  One

plausible explanation is that melanistic individuals may have access to more resources in

distinct habitat niches, while not overlapping with other competitors (Forsman et al. 2008, 

Graipel et al. 2014).

Several hypotheses about melanism and its high frequency in wild felids are related to

environmental  variables such as humidity and temperature. It has been proposed that

more humid environments improve thermoregulatory efficiency, as melanin pigments are

better fixed, leading to a higher frequency of melanistic individuals in ecosystems with

dense vegetation and high humidity (Eizirik et al. 2003, Mooring et al. 2020). Conversely,

the temporal  segregation hypothesis suggests that melanistic individuals may be more

efficient at obtaining resources during bright nights compared to non-melanistic morphs,

due  to  their  greater  cryptic  colouration  (Graipel  et  al.  2014,  Mooring  et  al.  2020).

Temporal segregation can occur within and between felid species (Graipel et al. 2014),

which is consistent with our findings of a significant difference in activity patterns between

melanistic and non-melanistic clouded oncillas.

Graipel et al. (2014) found that, although there was no clear trend towards nocturnal or

diurnal activity in oncillas, they were more active on bright nights compared to other co-

occurring felids such as margay and ocelots (Leopardus pardalis). In our study, activity

levels and  patterns between  melanistic  clouded  oncilla  and  margay were  similar, but

there were differences in the activity patterns of melanistic versus non-melanistic clouded

oncillas. Brighter nights may improve camouflage and access to resources for melanistic

individuals compared to other syntopic competitors (Graipel et al. 2014). In contrast, we

did not find differences in activity levels between melanistic and non-melanistic clouded

oncillas, nor observed greater diurnal activity. However, we did observe higher diurnal

activity compared to typically coloured clouded oncillas and margay (Fig. 8). Temporal

segregation in melanistic clouded oncillas appears to be most significant during the three

hours  before  sunrise, whereas non-melanistic  clouded  oncillas  increase  their  activity
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around sunset. However, we did not explore the effects of disturbances on the activity

patterns of wild felids since most of our records are from forested and protected areas,

although  other  studies  have  suggested  negative  effects  of  human  disturbances on

wildlife activity patterns (Guerisoli et al. 2019).

The  Llanganates-Sangay  Connectivity  Corridor  hosts  a  rich  diversity  of  ecosystems,

spanning a wide elevation range (700–3812 m) (Ríos-Alvear et al. 2024). This provides

favourable  conditions  for  the  co-occurrence  of  wildlife  species  from  both  the  upper

mountains  and  lowland  regions.  Additionally,  its  rugged  topography  fosters  local

endemism, with distinct species compositions even in areas that are geographically close

(Jost 2004, Haynie et al. 2006, Reyes-Puig et al. 2022).

Our study contributes to the growing database on colouration patterns and their rates of

occurrence in terrestrial mammals. However, it also raises intriguing questions about the

mechanisms driving the prevalence of unusual colouration patterns and their effects on

wild populations. For example, we observed similar proportions of melanistic and non-

melanistic  clouded  oncillas  on  both  sides  of  the  corridor.  This  suggests  that  colour

variations are widespread across the study area and may confer a survival  advantage

(Schneider et al. 2015). Given  the  key  role  of  the  CELS  in  promoting  connectivity

between  wildlife  populations,  we  propose  that  the  observed  variation  in  colouration

patterns supports the  corridor's effectiveness in  facilitating  genetic flow throughout the

region. However, we recommend conducting a population genetic analysis to uncover

the  underlying  causes  of  colour  variations  and  their  implications  for  the  fitness  of

terrestrial mammals in the CELS.

Acknowledgements

We  acknowledge  the  valuable  participation  and  commitment of local  inhabitants  and

conservationists from CELS during the various fieldwork campaigns conducted for this

study. In particular, we extend our thanks to the EcoMinga Foundation, Finca Palmonte,

Sumak Kawsay in Situ, Merazonia Wildlife Refuge, Bosque Protector Guamag, Reserva

Natural Privada Leito, Chalwayaku, Fauna de la Amazonía, Biopark, Existe and Waska

Amazonía. We are especially grateful to Jorge Brito and Rebecca Zug for their comments

and assistance in the taxonomic identification of some camera trap records. We thank the

park  rangers  of  Sangay  National  Park  for  sharing  their  observations  of  melanistic

individuals, especially Christian  Paul  Clavijo  Romero, Luis Fernando Cajilema Rivera

and Alfredo Zuña Cajilema. We thank Maria Cristina Ríos and Héctor Cadena for sharing

the record of the road-killed melanistic clouded oncilla from Sangay National Park. We

appreciate the reviewers' valuable suggestions, which have greatly enhanced the quality

of the manuscript. The authors thank the institutions that made this research possible.

JPRP and GRA thank WWF and EcoMinga Foundation. CRP thanks Universidad San

Francisco de Quito USFQ, Museo de Zoología & Laboratorio de Zoología Terrestre and

Instituto  iBIOTROP for  supporting  this  research.  CRP work  is  supported  by  COCIBA

grants (HUBI ID: 12267).

Shadows in the forest: Uncovering unusual colouration records in mammals ... 15



Author contributions

• Conceptualisation: Gorky Ríos Alvear  (GRA), Juan  Pablo  Reyes Puig  (JPRP)

and Carolina Reyes Puig (CRP) developed the initial concept and study design.

• Data Collection: GRA, JPRP and CRP were responsible for data collection.

• Review of camera-trap records: GRA, Elías Viteri Basso (EVB), JPRP and CRP

contributed in the camera-trap records identification.

• Data Analysis: CRP conducted the analysis of activity patterns.

• Manuscript Writing: GRA, CRP,  EVB and JPRP contributed to the manuscript's

writing.

• Review and Approval: All  authors (EVB, JPRP,  CRP and  GRA) reviewed  and

approved the final version of the manuscript.

Conflicts of interest

The authors have declared that no competing interests exist.

References

• Abreu MSL, Machado R, Barbieri F, Freitas NS, Oliveira LR (2013) Anomalous colour in

Neotropical mammals: a review with new records for Didelphis sp. (Didelphidae,

Didelphimorphia) and Arctocephalus australis (Otariidae, Carnivora). Brazilian Journal of

Biology 73: 185‑194. https://doi.org/10.1590/S1519-69842013000100020

• Ashby KR (1972) Patterns of daily activity in mammals. Mammal Review 1 (7-8):

171‑185. https://doi.org/10.1111/j.1365-2907.1972.tb00088.x

• Aximoff IA, Hübel M, Freitas AC, Rosa C, Caravaggi A (2021) Natural history notes on

interactions and abnormal coloration in carnivores in the Araucaria Forest, southern

Brazil. Oecologia Australis 25 (4): 862‑870. https://doi.org/10.4257/oeco.2021.2504.07

• Bonilla-Sánchez A, Sartor CC, Fox-Rosales LA, Feijó A, Ramírez-Fernández J, Brenes-

Mora E, Mooring M, Blankenship S, Sánchez-Lalinde C, Nascimento FOd, Zug R,

Oliveira MJ, Dantas Marinho PH, Braga Ferreira G, Solari S, de Oliveira TG, Eizirik E

(2024) Ecological niche modeling of the Leopardus tigrinus complex sheds light on its

elusive evolutionary history. Journal of Mammalogy 105 (5): 953‑964. https://doi.org/

10.1093/jmammal/gyae074

• Brito J, Camacho MA, Romero V, Vallejo AF (2023) Mamíferos del Ecuador. Accessed on

August 2024. URL: https://bioweb.bio/faunaweb/mammaliaweb/

• Caro T (2005) The Adaptive Significance of Coloration in Mammals. BioScience 55 (2):

125‑136. https://doi.org/10.1641/0006-3568(2005)055[0125:TASOCI]2.0.CO;2

• Caro T, Mallarino R (2020) Coloration in Mammals. Trends in Ecology & Evolution 35 (4):

357‑366. https://doi.org/10.1016/j.tree.2019.12.008

16 Viteri-Basso E et al

https://doi.org/10.1590/S1519-69842013000100020
https://doi.org/10.1111/j.1365-2907.1972.tb00088.x
https://doi.org/10.4257/oeco.2021.2504.07
https://doi.org/10.1093/jmammal/gyae074
https://doi.org/10.1093/jmammal/gyae074
https://bioweb.bio/faunaweb/mammaliaweb/
https://doi.org/10.1641/0006-3568(2005)055%5B0125:TASOCI%5D2.0.CO;2
https://doi.org/10.1016/j.tree.2019.12.008


• Cotts L, Prestes SBS, Pires JR, Mathias MdL (2023a) The first record of partial

xanthochromism in big-eared opossum, Didelphis aurita (Didelphimorphia, Didelphidae).

Mammalia 87 (6): 583‑586. https://doi.org/10.1515/mammalia-2023-0104

• Cotts L, Slifkin J, Moratelli R, Gonçalves L, Rocha-Barbosa O (2023b) Multiple colors in

anteaters: review and description of chromatic disorders in Tamandua (Xenarthra: Pilosa)

with reports of new and rare coat colorations. Zoologia (Curitiba) 40: e22034. https://

doi.org/10.1590/S1984-4689.v40.e22034

• Delhey K (2019) A review of Gloger's rule, an ecogeographical rule of colour: definitions,

interpretations and evidence. Biological Reviews 94 (4): 1294‑1316. https://doi.org/

10.1111/brv.12503

• Delisle Z, Flaherty E, Nobbe M, Wzientek C, Swihart R (2021) Next-generation camera

trapping: Systematic review of historic trends suggests keys to expanded research

applications in ecology and conservation. Frontiers in Ecology and Evolution 9: 617996. 

https://doi.org/10.3389/fevo.2021.617996

• de Oliveira T, Fox-Rosales L, Ramírez-Fernández J, Cepeda-Duque J, Zug R, Sanchez-

Lalinde C, Oliveira MR, Marinho PD, Bonilla-Sánchez A, Marques M, Cassaro K, Moreno

R, Rumiz D, Peters F, Ortega J, Cavalcanti G, Mooring M, Blankenship S, Brenes-Mora

E, Dias D, Mazim F, Eizirik E, Diehl J, Marques R, Ribeiro A, Cruz R, Pasa E, Meira LC,

Pereira A, Ferreira G, de Pinho F, Sena LM, de Morais V, Ribeiro Luiz M, Moura VC,

Favarini M, Leal KG, Wagner PC, dos Santos M, Sanderson J, Araújo E, Rodrigues FG

(2024) Ecological modeling, biogeography, and phenotypic analyses setting the tiger cats’

hyperdimensional niches reveal a new species. Scientific Reports 14 (1): 2395. https://

doi.org/10.1038/s41598-024-52379-8

• Eizirik E, Yuhki N, Johnson WE, Menotti-Raymond M, Hannah SS, O'Brien SJ (2003)

Molecular genetics and evolution of melanism in the cat family. Current Biology 13 (5):

448‑453. https://doi.org/10.1016/s0960-9822(03)00128-3

• Espinosa S, Salvador J (2017) Hunters´ landscape accessibility and daily activity of

ungulates in Yasuní Biosphere Reserve, Ecuador. Therya 8 (1): 45‑45. https://doi.org/

10.12933/therya-17-444

• Fertl D, Rosel P (2009) Albinism. In: Perrin W, Würsig B, Thewissen JGM (Eds)

Encyclopedia of marine mammals. 2nd Edition. Academic Press, London, 2 pp. [ISBN

978-0-12-373553-9]. https://doi.org/10.1016/B978-0-12-373553-9.00006-7

• Forsman A, Ahnesjö J, Caesar S, Karlsson M (2008) A model of ecological and

evolutionary consequences of color polymorphism. Ecology 89 (1): 34‑40. https://doi.org/

10.1890/07-0572.1

• Galván I, Garrido-Fernández J, Ríos J, Pérez-Gálvez A, Rodríguez-Herrera B, Negro JJ

(2016) Tropical bat as mammalian model for skin carotenoid metabolism. Proceedings of

the National Academy of Sciences 113 (39): 10932‑10937. https://doi.org/10.1073/pnas.

1609724113

• Gompper M, Decker D (1998) Nasua nasua. Mammalian Species 580: 1‑9. https://doi.org/

10.2307/3504444

• Graipel ME, Oliveira-Santos LGR, Goulart FVB, Tortato MA, Miller PRM, Cáceres NC

(2014) The role of melanism in oncillas on the temporal segregation of nocturnal activity.

Brazilian Journal of Biology 74: S12‑S145. https://doi.org/10.1590/1519-6984.14312

• Graipel ME, Bogoni JA, Giehl ELH, Cerezer F, Cáceres NC, Eizirik E (2019) Melanism

evolution in the cat family is influenced by intraspecific communication under low

visibility. PLOS One 14 (12): e0226136. https://doi.org/10.1371/journal.pone.0226136

Shadows in the forest: Uncovering unusual colouration records in mammals ... 17

https://doi.org/10.1515/mammalia-2023-0104
https://doi.org/10.1590/S1984-4689.v40.e22034
https://doi.org/10.1590/S1984-4689.v40.e22034
https://doi.org/10.1111/brv.12503
https://doi.org/10.1111/brv.12503
https://doi.org/10.3389/fevo.2021.617996
https://doi.org/10.1038/s41598-024-52379-8
https://doi.org/10.1038/s41598-024-52379-8
https://doi.org/10.1016/s0960-9822(03)00128-3
https://doi.org/10.12933/therya-17-444
https://doi.org/10.12933/therya-17-444
https://doi.org/10.1016/B978-0-12-373553-9.00006-7
https://doi.org/10.1890/07-0572.1
https://doi.org/10.1890/07-0572.1
https://doi.org/10.1073/pnas.1609724113
https://doi.org/10.1073/pnas.1609724113
https://doi.org/10.2307/3504444
https://doi.org/10.2307/3504444
https://doi.org/10.1590/1519-6984.14312
https://doi.org/10.1371/journal.pone.0226136


• Guerisoli MdlM, Caruso N, Luengos Vidal EM, Lucherini M (2019) Habitat use and activity

patterns of <i>Puma concolor</i> in a human-dominated landscape of central Argentina.

Journal of Mammalogy 100 (1): 202‑211. https://doi.org/10.1093/jmammal/gyz005

• Guevara L, Ramírez-Chaves H, Cervantes F (2011) Leucismo en la musaraña de orejas

cortas Cryptotis mexicana (Mammalia: Soricomorpha), endémica de México. Revista

Mexicana de Biodiversidad 82 (2): 731‑733. https://doi.org/10.22201/ib.20078706e.

2011.2.1194

• Haynie M,, Haynie M, Brant JG (2006) Investigations in a natural corridor between two

national parks in central Ecuador : results from the Sowell Expedition, 2001. Museum of

Texas Tech University, Lubbock, TX. URL: https://www.biodiversitylibrary.org/

bibliography/156917

• Hayssen V (2011) Tamandua tetradactyla (Pilosa: Myrmecophagidae). Mammalian

Species 43 (875): 64‑74. https://doi.org/10.1644/875.1

• Helgen K, Kays R, Helgen L, Tsuchiya N, Tieko M, Pinto C, Koepfli K, Eizirik E,

Maldonado J (2009) Taxonomic Boundaries and Geographic Distributions Revealed by an

Integrative Systematic Overview of the Mountain Coatis, Nasuella (Carnivora:

Procyonidae. Small Carnivore Conservation 41: 64. 

• Hubbard J, Uy JAC, Hauber M, Hoekstra H, Safran R (2010) Vertebrate pigmentation:

from underlying genes to adaptive function. Trends in Genetics 26 (5): 231‑239. https://

doi.org/10.1016/j.tig.2010.02.002

• Ilbay-Yupa M, Lavado-Casimiro W, Rau P, Zubieta R, Castillón F (2021) Updating

regionalization of precipitation in Ecuador. Theoretical and Applied Climatology 143 (3):

1513‑1528. https://doi.org/10.1007/s00704-020-03476-x

• Ito S, Wakamatsu K (2003) Quantitative Analysis of Eumelanin and Pheomelanin in

Humans, Mice, and Other Animals: a Comparative Review. Pigment Cell Research 16 (5):

523‑531. https://doi.org/10.1034/j.1600-0749.2003.00072.x

• Jost L (2004) Explosive local radiation of the genus Teagueia (Orchidaceae) in the Upper

Pastaza Watershed of Ecuador. Lyonia 7.

• Kingsley E, Manceau M, Wiley C, Hoekstra H (2009) Melanism in Peromyscus is caused

by independent mutations in agouti. PLOS One 4 (7). https://doi.org/10.1371/journal.pone.

0006435

• Lamoreux L, Delmas V, Larue L, Bennett D (2010) The colors of Mice: A Model Genetic

Network. Wiley, New York. https://doi.org/10.1002/9781444319651

• Lindgren J, Moyer A, Schweitzer M, Sjövall P, Uvdal P, Nilsson D, Heimdal J, Engdahl A,

Gren J, Schultz BP, Kear B (2015) Interpreting melanin-based coloration through deep

time: a critical review. Proceedings of the Royal Society B: Biological Sciences 282

(1813). https://doi.org/10.1098/rspb.2015.0614

• Lucati F, López-Baucells A (2017) Chromatic disorders in bats: a review of pigmentation

anomalies and the misuse of terms to describe them. Mammal Review 47 (2): 112‑123. 

https://doi.org/10.1111/mam.12083

• Macas-Pogo P, Mejía Valenzuela E, Arévalo-Serrano G (2023) Activity pattern and

predatory behaviour of the ocelot (Leopardus pardalis) (Carnivora, Felidae) in mineral

licks of the Yasuni National Park, Ecuador. Neotropical Biology and Conservation 18 (1):

1‑11. https://doi.org/10.3897/neotropical.18.e95027

• Mejía Valenzuela EG (2019) Primer registro de leucismo en Dasyprocta fuliginosa

(Dasyproctidae, Rodentia) en Ecuador. Biota Colombiana 20 (2). https://doi.org/10.21068/

c2019.v20n02a10

18 Viteri-Basso E et al

https://doi.org/10.1093/jmammal/gyz005
https://doi.org/10.22201/ib.20078706e.2011.2.1194
https://doi.org/10.22201/ib.20078706e.2011.2.1194
https://www.biodiversitylibrary.org/bibliography/156917
https://www.biodiversitylibrary.org/bibliography/156917
https://doi.org/10.1644/875.1
https://doi.org/10.1016/j.tig.2010.02.002
https://doi.org/10.1016/j.tig.2010.02.002
https://doi.org/10.1007/s00704-020-03476-x
https://doi.org/10.1034/j.1600-0749.2003.00072.x
https://doi.org/10.1371/journal.pone.0006435
https://doi.org/10.1371/journal.pone.0006435
https://doi.org/10.1002/9781444319651
https://doi.org/10.1098/rspb.2015.0614
https://doi.org/10.1111/mam.12083
https://doi.org/10.3897/neotropical.18.e95027
https://doi.org/10.21068/c2019.v20n02a10
https://doi.org/10.21068/c2019.v20n02a10


• Mello LM, Pedra RM, Oliveira SV, Benemann VRF, Corrêa LLC (2020) First record of

piebaldism in Lycalopex gymnocercus (Carnivora, Canidae) in the Pampa Biome,

southern Brazil. Oecologia Australis 24 (1). https://doi.org/10.4257/oeco.2020.2401.17

• Meredith M, Ridout M (2017) Overview of the overlap package. R Project.

• Meredith M, Ridout M, Campbell LAD (2024) overlap: Estimates of coefficient of

overlapping for animal activity patterns. https://doi.org/10.32614/CRAN.package.overlap

• Mooring M, Eppert A, Botts R (2020) Natural selection of melanism in Costa Rican jaguar

and oncilla: A test of Gloger’s rule and the temporal segregation hypothesis. Tropical

Conservation Science 13 https://doi.org/10.1177/1940082920910364

• Myers N, Mittermeier R, Mittermeier C, da Fonseca GB, Kent J (2000) Biodiversity

hotspots for conservation priorities. Nature 403 (6772): 853‑858. https://doi.org/

10.1038/35002501

• Peacock K (2011) The three faces of ecological fitness. Studies in History and

Philosophy of Science Part C: Studies in History and Philosophy of Biological and

Biomedical Sciences 42 (1): 99‑105. https://doi.org/10.1016/j.shpsc.2010.11.011

• Portillo A, Sibille S, Panaifo N (2022) Record of melanism in Tamandua tetradactyla

(Pilosa: Myrmecophagidae) in Perú. Revista Peruana de Biología 29 (2): e22106. https://

doi.org/10.15381/rpb.v29i2.22106

• Prota G (1992) Melanins and Melanogenesis. New York: Academic Press https://doi.org/

10.1016/C2009-0-03380-7

• R Core Team (2023) R: The R Project for Statistical Computing. URL: https://www.r-

project.org/

• Reyes-Puig C, Ríos-Alvear G (2013) Monitoreo del tapir de montaña (Tapirus pinchaque)

en el bosque nublado de la Reserva Natural Chamanapamba. Boletín Técnico, Serie

Zoológica 11 (8-9): 74‑90. URL: https://journal.espe.edu.ec/ojs/index.php/revista-serie-

zoologica/article/view/1457

• Reyes-Puig J, Reyes-Puig C, Pacheco-Esquivel J, Recalde S, Recalde F, Recalde D,

Salazar J, Peña E, Paredes S, Robalino M, Flores F, Paredes V, Sailema E, Ríos-Alvear

G (2023) First insights in terrestrial mammals monitoring in the Candelaria and Machay

Reserves in the Ecuadorian Tropical Andes. Biodiversity Data Journal 11: e98119. 

https://doi.org/10.3897/BDJ.11.e98119

• Reyes-Puig JP, Reyes-Puig C, Franco-Mena D, Jost L, Yánez-Muñoz M (2022) Strong

differentiation between amphibian communities on two adjacent mountains in the Upper

Rio Pastaza watershed of Ecuador, with descriptions of two new species of terrestrial

frogs. ZooKeys 1081: 35‑87. https://doi.org/10.3897/zookeys.1081.71488

• Ridgers N, Denniss E, Burnett A, Salmon J, Verswijveren SJ (2023) Defining and

reporting activity patterns: a modified Delphi study. International Journal of Behavioral

Nutrition and Physical Activity 20 (1): 89. https://doi.org/10.1186/s12966-023-01482-6

• Ridout MS, Linkie M (2009) Estimating overlap of daily activity patterns from camera trap

data. Journal of Agricultural, Biological, and Environmental Statistics 14 (3): 322‑337. 

https://doi.org/10.1198/jabes.2009.08038

• Ríos-Alvear G, Reyes-Puig C (2015) Corredor ecológico Llanganates-Sangay: Un

acercamiento hacia su manejo y funcionalidad. Yachana Revista Científica 4 (2): 11‑21. 

https://doi.org/10.62325/yachana.v4.n2.2015.220

• Ríos-Alvear G, Cadena-Ortiz H (2019) Records of melanistic Tamandua tetradactyla

(Pilosa, Myrmecophagidae) from Ecuador. Neotropical Biology and Conservation 14 (3):

339‑347. https://doi.org/10.3897/neotropical.14.e37714

Shadows in the forest: Uncovering unusual colouration records in mammals ... 19

https://doi.org/10.4257/oeco.2020.2401.17
https://doi.org/10.32614/CRAN.package.overlap
https://doi.org/10.1177/1940082920910364
https://doi.org/10.1038/35002501
https://doi.org/10.1038/35002501
https://doi.org/10.1016/j.shpsc.2010.11.011
https://doi.org/10.15381/rpb.v29i2.22106
https://doi.org/10.15381/rpb.v29i2.22106
https://doi.org/10.1016/C2009-0-03380-7
https://doi.org/10.1016/C2009-0-03380-7
https://www.r-project.org/
https://www.r-project.org/
https://journal.espe.edu.ec/ojs/index.php/revista-serie-zoologica/article/view/1457
https://journal.espe.edu.ec/ojs/index.php/revista-serie-zoologica/article/view/1457
https://doi.org/10.3897/BDJ.11.e98119
https://doi.org/10.3897/zookeys.1081.71488
https://doi.org/10.1186/s12966-023-01482-6
https://doi.org/10.1198/jabes.2009.08038
https://doi.org/10.62325/yachana.v4.n2.2015.220
https://doi.org/10.3897/neotropical.14.e37714


• Ríos-Alvear G, Meneses P, Ortega-Andrade HM, Santos C, Muzo A, López K, Bentley

AG, Villamarín F (2024) Key connectivity areas in the Llanganates-Sangay Ecological

Corridor in Ecuador: A participative multicriteria analysis based on a landscape species.

Landscape and Urban Planning 246: 105039. https://doi.org/10.1016/j.landurbplan.

2024.105039

• Ríos-Alvear GD, Reyes-Puig C (2013) Monitoreo del oso andino (Tremarctos ornatus) en

tres áreas de bosque nublado en la cuenca alta del Pastaza. 2013 11 (8-9): 91‑108. URL: 

https://journal.espe.edu.ec/ojs/index.php/revista-serie-zoologica/article/view/1458/1043

• Romero-Briceño J, González-Carcacía J (2020) Primer registro de leucismo en el género

Coendou Lacépède, 1799 (Rodentia: Erethizontidae). Mammalogy Notes 6 (2): 164‑164. 

https://doi.org/10.47603/mano.v6n2.164

• Romero V, Racines-Márquez C, Brito J (2018) A short review and worldwide list of wild

albino rodents with the first report of albinism in <i>Coendou rufescens</i> (Rodentia:

Erethizontidae). Mammalia 82 (5): 509‑515. https://doi.org/10.1515/mammalia-2017-0111

• Rovero F, Marshall A (2009) Camera trapping photographic rate as an index of density in

forest ungulates. Journal of Applied Ecology 46 (5): 1011‑1017. https://doi.org/10.1111/j.

1365-2664.2009.01705.x

• Rowcliffe JM, Kays R, Kranstauber B, Carbone C, Jansen P (2014) Quantifying levels of

animal activity using camera trap data. Methods in Ecology and Evolution 5 (11):

1170‑1179. https://doi.org/10.1111/2041-210X.12278

• Rowcliffe M (2023) activity: Animal Activity Statistics. Accessed on August 2024. URL: 

https://cran.r-project.org/web/packages/activity/index.html

• Salvador J, Espinosa S (2016) Density and activity patterns of ocelot populations in

Yasuní National Park, Ecuador. Mammalia 80 (4): 395‑403. https://doi.org/10.1515/

mammalia-2014-0172

• Schneider A, David V, Johnson W, O'Brien S, Barsh G, Menotti-Raymond M, Eizirik E

(2012) How the leopard hides its spots: ASIP mutations and melanism in wild cats. PLOS

one 7 (12). https://doi.org/10.1371/journal.pone.0050386

• Schneider A, Henegar C, Day K, Absher D, Napolitano C, Silveira L, David V, O’Brien S,

Menotti-Raymond M, Barsh G, Eizirik E (2015) Recurrent evolution of melanism in South

American felids. PLOS Genetics 11 (2): 1‑19. https://doi.org/10.1371/journal.pgen.

1004892

• Silva-Caballero A, Montiel-Reyes F, Sánchez Garibay E, Ortega J (2014) Leucismo en el

coatí de nariz blanca Nasua narica (Mammalia: Carnivora), en Quintana Roo, México.

Therya 5 (3): 839‑843. https://doi.org/10.12933/therya-14-193

• Streeting L, Daugherty R, Burrows S, Bower D, Watson S, Daugherty N, Dillon M (2023)

A leucistic platypus observed on the New England Tablelands of New South Wales.

Australian Mammalogy 46 (1): AM23027. https://doi.org/10.1071/AM23027

• Talamoni S, Viana PIM, Costa CG, Palú L, Oliveira RB, Pessôa LM (2017) Occurrence of

leucism in Eira barbara (Carnivora, Mustelidae) in Brazil. Biota Neotropica 17 (3):

e20170328. https://doi.org/10.1590/1676-0611-bn-2017-0328

• Tirira D (2007) Guía de campo de los mamíferos del Ecuador. 2nd ed. Murciélago Blanco,

Quito. [In Spanish].

• Tobler MW, Carrillo‐Percastegui SE, Leite Pitman R, Mares R, Powell G (2008) An

evaluation of camera traps for inventorying large‐ and medium‐sized terrestrial rainforest

mammals. Animal Conservation 11 (3): 169‑178. https://doi.org/10.1111/j.

1469-1795.2008.00169.x

20 Viteri-Basso E et al

https://doi.org/10.1016/j.landurbplan.2024.105039
https://doi.org/10.1016/j.landurbplan.2024.105039
https://journal.espe.edu.ec/ojs/index.php/revista-serie-zoologica/article/view/1458/1043
https://doi.org/10.47603/mano.v6n2.164
https://doi.org/10.1515/mammalia-2017-0111
https://doi.org/10.1111/j.1365-2664.2009.01705.x
https://doi.org/10.1111/j.1365-2664.2009.01705.x
https://doi.org/10.1111/2041-210X.12278
https://cran.r-project.org/web/packages/activity/index.html
https://doi.org/10.1515/mammalia-2014-0172
https://doi.org/10.1515/mammalia-2014-0172
https://doi.org/10.1371/journal.pone.0050386
https://doi.org/10.1371/journal.pgen.1004892
https://doi.org/10.1371/journal.pgen.1004892
https://doi.org/10.12933/therya-14-193
https://doi.org/10.1071/AM23027
https://doi.org/10.1590/1676-0611-bn-2017-0328
https://doi.org/10.1111/j.1469-1795.2008.00169.x
https://doi.org/10.1111/j.1469-1795.2008.00169.x


• Tortato FR, Althoff SL (2007) Variation in coat color of tayras (Eira barbara Linnaeus,

1758 - Carnivora, Mustelidae) in the State Biological Reserve of Sassafrás, Santa

Catarina, South Brazil. Biota Neotropica 7: 365‑367. https://doi.org/10.1590/

S1676-06032007000300038

• van Grouw H (2006) Not every white bird is an albino: Sense and nonsense about colour

aberrations in birds. Dutch Birding 28: 79‑81. URL: https://api.semanticscholar.org/

CorpusID:85666213

• van Grouw H (2013) What Colour is that bird? The causes and recognition of common

colour aberrations in birds. British Birds 106: 17‑29. URL: https://britishbirds.co.uk/

journal/article/what-colour-bird-causes-and-recognition-common-colour-aberrations-birds

• van Grouw H (2021) What's in a name? Nomenclature for colour aberrations in birds

reviewed. Bulletin of the British Ornithologists’ Club 141 (3). https://doi.org/10.25226/

bboc.v141i3.2021.a5

Shadows in the forest: Uncovering unusual colouration records in mammals ... 21

https://doi.org/10.1590/S1676-06032007000300038
https://doi.org/10.1590/S1676-06032007000300038
https://api.semanticscholar.org/CorpusID:85666213
https://api.semanticscholar.org/CorpusID:85666213
https://britishbirds.co.uk/journal/article/what-colour-bird-causes-and-recognition-common-colour-aberrations-birds
https://britishbirds.co.uk/journal/article/what-colour-bird-causes-and-recognition-common-colour-aberrations-birds
https://doi.org/10.25226/bboc.v141i3.2021.a5
https://doi.org/10.25226/bboc.v141i3.2021.a5

	Abstract
	Keywords
	Introduction
	Materials and methods
	Study area
	Camera-trap records
	Identification of unusual colourations
	Activity patterns

	Results
	Unusual colouration records
	Activity patterns

	Discussion
	Acknowledgements
	Author contributions
	Conflicts of interest
	References

