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Notes of hypopigmentation in mantled howler monkeys Alouatta palliata (Gray 1849): First documented cases of whole-body leucism from a critically endangered ecosystem in South America

[bookmark: _Hlk108447734]Short title: Leucism in a critically endangered population from a critically endangered ecosystem. 

[bookmark: _Hlk92314866]Abstract (word count 221 out of 300)
[bookmark: _Hlk108447576][bookmark: _Hlk108438686][bookmark: _Hlk108438860]The existence of hypopigmentation such as leucism is the result of inbreeding in isolated populations of wildlife and it is associated with environmental stressors. This anomaly may reduce survival rates. Leucism has been record in wildlife, but overall, it is considered very rare. There have been few records of mantled howler monkeys with leucism in Mexico and Costa Rica, but whole-body leucism in howler monkeys from South America was unknown. In this article, we report for the first-time documented cases of whole-body leucism in young individuals of mantled howler monkeys Alouatta palliata in an isolated remanent of tropical dry forest in southwestern Ecuador known as Cerro Blanco Protective Forest. In total, we found two individuals: a juvenile female and a juvenile male in October 2021. We also include a short report about the observation of two seedlings of Dichapetalum (Dichapetalaceae) showing albinism. The report of howler monkeys with whole-body leucism may be caused by the interaction of two processes: inbreeding because of isolated populations and air pollution with sulphur. Thus, immediate management strategies must be considered to significantly increase connectivity with other populations of howler monkeys and reduce air pollution in Guayaquil. Our findings also reveal that hypopigmentation is becoming more frequent in howler monkey´s population along its distributional range. Therefore, we encourage the community to consider a regional management strategy. 
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1. Introduction
[bookmark: _Hlk90232246][bookmark: _Hlk90232255][bookmark: _Hlk90232309][bookmark: _Hlk90232312]Hypopigmentation in wildlife, namely albinism or leucism, is considered a genetic anomaly derived from recessive alleles (Hu et al., 2013; Prado-Martínez et al., 2013). It is commonly associated with environmental factors such as altered habitats (Kehas et al., 2005), diet (Peles et al., 1995; Coimbra-Filho & Rocha, 1978) and pollution (Moller & Mousseau, 2001). Albinism is controlled by over 18 genes (Summers, 2009; Hu et al., 2013; Bridge et al., 2014; Montoliu & Kelsh, 2014; Montoliu et al., 2014) and is characterized by the complete loss of pigmentation (Uieda, 2000; Sandoval-Castillo et al., 2006). On the other hand, leucism is controlled by six genes (Reissmann & Ludwig, 2013), leucistic animals show partial or total loss of pigmentation in skin or fur but maintain normal coloration in the eyes or hands (García-Morales et al., 2012; Silva-Caballero et al., 2014; Liu et al., 2019). Vertebrates with these colour aberrations are mostly reported in small and isolated populations, where inbreeding causes recessive alleles to be expressed (Bensch et al., 2000). Survival rates of these animals are usually reported to be low (Owen & Skimmings, 1992). 

[bookmark: _Hlk90232317][bookmark: _Hlk90232320][bookmark: _Hlk90232324][bookmark: _Hlk90232329][bookmark: _Hlk90232336][bookmark: _Hlk90232341][bookmark: _Hlk90232345][bookmark: _Hlk90232349][bookmark: _Hlk90232354][bookmark: _Hlk90232358][bookmark: _Hlk90232364][bookmark: _Hlk90232374][bookmark: _Hlk90232379]In mammals, leucism has been recorded in several taxa, e.g. canids (López-González, 2011), erinaceids (Morris & Tutt, 1996), mustelids (Tortato & Althoff, 2007), pinnipeds (Acevedo & Aguayo, 2008), procyonids (Silva-Caballero et al., 2014), chiropterans (García -Morales et al., 2012), rodents (Mejía Valenzuela, 2019), soricids (Guevara et al., 2011) and ursids (Ritland et al., 2001). In neotropical primates, there are several records of abnormal pigmentation in the coat (López-Platas et al., 2021), e.g. Brown howler monkey Alouatta guariba clamitans (Fortes & Bicca-Marques, 2008; Aximoff & Vaz, 2016), Black-handed spider monkey Ateles geoffroyi (Espinal et al., 2016), Black-tufted marmoset Callithrix penicillata, Common Marmoset Callithrix jacchus and their hybrids (do Vale et al., 2018; Aximoff et al., 2020).

The mantled howler monkey Alouatta palliata is a neotropical primate distributed from Mexico to Peru. Its global population is considered Vulnerable according to the IUCN Red List (Cortes-Ortíz et al., 2021). Meanwhile, in Ecuador, local populations are considered Critically Endangered (Tirira, 2021). This species of special concern is heavily affected by habitat fragmentation and loss, which reduces habitat quality and increases isolation (Arroyo-Rodriguez & Mandujano, 2006) that may cause abnormal colouration due to recessive alleles being more likely to be expressed. 

[bookmark: _Hlk108426788][bookmark: _Hlk108045486]Hypopigmentation in individuals of A. palliata has been reported previously in Mexico and Costa Rica (Sánchez-Soto, 2018; Galván, Sánchez-Murillo & Gutiérrez-Espeleta, 2019; López-Platas et al. 2021, Ramos-Luna et al, 2022), but no record has been found in South American. In this nature note, to our knowledge, we present the first published documented report of mantled howler monkey Alouatta palliata showing whole-body leucism in South America. In total we found two juvenile individuals in a private protected forest known as Cerro Blanco Protected Forest (CBPF). We also report two individuals of Dichapetalum (Dichapetalaceae) showing lack of chlorophyll that we think is albinism. CBPF protects tropical dry forest ecosystem, which is considered critically endangered worldwide (Ferrer-Paris et al, 2019). 

2. Methods
2.1. Description of site
CBPF is a private protected tropical dry forest located at western Guayaquil with a surface of ~6000 ha. Central coordinates of CBPF are 608516.39 E and 9761934.82 S (Figure 1). The area is classed as semi-deciduous forest transitioning to dry and moist forest, influenced by the absence of rains between June and December. During these months, CBPF only receives horizontal precipitation in the form of a fine seasonal drizzle. The drizzle allows the colonization of tiny bryophytes on the foliage.

Regarding its conservation status, tropical dry forest is considered as critically endangered worldwide (Ferrer-Paris et al, 2019). Locally the ecosystem has loss over 70% of its original vegetation (Best & Kessler, 1995; Portillo-Quintero & Sánchez-Azofeifa, 2010; Hansen et al., 2013; BirdLife International, 2019). However, CBPF is in recovery from previously selective timber tree extraction. The upper canopy reaches 30 m high and is mostly closed or semi-closed. This reduces the strong impact of sunlight that is characteristic of equatorial dry forest ecosystems. At the same time, the canopy generates a cool microclimate within the sub-canopy, favourable for vertebrates’ occurrence. CBPF maintains healthy populations of endemic and endangered plant species. Emerging trees include cocobolo (Cynometra bauhiniifolia, Fabaceae), Ficus/matapalo (Ficus obtusifolia, Moraceae), and tillo (Brosimum alicastrum subsp. bolivarense, Moraceae). Woody lianas between 5 to 10 cm in diameter, belonging to the Fabaceae and Bignoniaceae families, are frequently observed in the middle stratum. The soils are predominantly rocky and covered by a thick layer of litter and other plant debris in an active process of decomposition, forming a top layer of rich organic matter attractive to invertebrates.

2.2. Observational methods
We observed the individuals opportunistically while doing research of rodents, plants, and birds. Therefore, no systematic method was applied. 

2.3. Threats description and forest cover analysis
The CBPF is part of the National Forest Heritage of Ecuador as well as the Chongon-Colonche Mountain Range. Nevertheless, it is physically surrounded by anthropogenic activities where a dramatic change in land use is evident. Human activities nearby CBPF include livestock activities, quarries of aggregates and stone, and urban areas such as the expansion of formal and informal populated areas (human invasions). This combination of impacts makes of CBPF an isolated refuge for biodiversity with a high loss of connectivity with other nearby protected areas of the Chongon-Colonche Mountain Range (Figure 2).


3. Results
3.1. Observation of the whole-body leucistic female
We made the first observation of the young female with whole-body leucism on October 11th, 2021, at 4:50 p.m. EST at 606199 E - 9762444 S. The observation lasted ~2 minutes. We identify as a female as there was no presence of masculine characters (masculine genitals). Initially, we observed a group of 14 howler monkeys at approximately ten meters high. The group was composed of juveniles and adults. Nearby the highest tree we noticed a juvenile howler monkey with whole-body hypopigmentation showing a pale-cream fur except for eyes, that remained with dark pigmentation. The observation was very difficult because the individual was located on the higher branches, a behaviour that differed from the other individuals in the group, which remained at the sub-canopy. During the time we observed it, the individual was motionless, observing us, and hiding (Figure 3). 

The next day, October 12th, 2021, we observed the individual around 10:55 a.m. EST at 15 meters high near the same area where we first spotted it, but this time it was ten meters away from the group. The individual was feeding alike, near the tree canopy, an activity that continued for ~8 minutes without any change.

The third time we observed the young female was on October 14th, 2021, at 4:00 p.m. EST, not far from the first two sightings and the observation lasted ~2 minutes. This time, it was in transit with its social group, fleeing away from a tayra chase (Eira barbara) through the sub-canopy, and after noticing our presence, the tayra left. At this point, we observed the young female at approximately 25 meters high hiding between the upper branches in the sunlight, remaining still. The individual did not vocalize at any time, nor did it display territorial behaviour.

3.2. Observation the whole-body leucistic juvenile male
We only observed the juvenile male, once on November 11th, 2021, at 8:42 a.m. EST during ~3 minutes at 612212 E - 9760699 S. It was part of a group of 7 individuals (composed of 2 juveniles and 5 adults) at approximately 14 meters high. There was small chance to observe the individual and take photos because most of the time it stayed between the higher branches, as we described for the leucistic female (Figure 4). The individual presented a white-to-grey pigmentation in its fur with dark spotted palms and tail. 

3.3. Presence of albino seedlings of plants in a same locality
Additionally, we observed a couple of tree seedlings of Dichapetalum (Dichapetalaceae) showing hypopigmentation on 21th May 2022 in the same area where we observed the young female October, 2021 (Figure 5; 606199.00 E - 9762444.00 S). We report these individuals as albino because we did not find any trace of chlorophyl. 

4. Discussion
[bookmark: _Hlk90232418][bookmark: _Hlk90232445]Hypopigmentation, like leucism, occur with extremely low frequency in wild animals (Acosta, 2005; Lopez-Ortega & Carbo-Ramirez, 2010; Moller et al., 2013). This phenomenon is more common in small, isolated populations with a greater likelihood of inbreeding because it increases the probability of the expression of recessive alleles (Aximoff & Vaz, 2016; Espinal et al., 2016; Bensch et al., 2000). However, there are other factors that may enhance the rate of leucism. For example, environmental pressures, pollution (Moller & Mousseau, 2001; Kehas et al., 2005) and diet deficiencies (Coimbra-Filho & Rocha, 1978) are possible drivers of pigmentation anomalies.

[bookmark: _Hlk108800687][bookmark: _Hlk108706707][bookmark: _Hlk108800360][bookmark: _Hlk108706600][bookmark: _Hlk108800379][bookmark: _Hlk108706731][bookmark: _Hlk108800340][bookmark: _Hlk108801109]Hypopigmentation in individuals of A. palliata has been reported previously in Mexico and Costa Rica. Sánchez-Soto (2018) and Galván et al., (2019) reported evidence of partial decolouration in tail or arms. Meanwhile Ramos-Luna et al. (2022) reported whole-body leucism in anecdotical data from social media (i.e. Facebook) and López-Platas et al. (2021) reported a case of whole-body piebaldism in A. palliata subspecies mexicana.  In this manuscript, a juvenile female and a juvenile male of mantled howler monkey A. palliata showed partial loss of pigmentation, maintaining dark tones in the eyes and hands. Hence, we think the individuals are leucistic. There are no records of similar colour aberrations at least 1000 km away of any population of A. palliata. Therefore, the isolated appearance of this phenomenon has occurred independently within an endangered population (Tirira, 2021) in and endangered ecosystem (Ferrer-Paris et al., 2019). Our discovery should be seen as possible alarm of broken genetic flow between unconnected populations of A. palliata. The observation of the female and male individuals represents the first reported record of whole-body leucism in both sexes for mantled howler monkeys A. palliata in South America.

[bookmark: _Hlk90232543][bookmark: _Hlk90232555][bookmark: _Hlk90232566]Colour aberrations like leucism are believed to reduce individuals’ viability and survival rate due to pathological factors such as sensory or nerve defects, anaemia, low fertility, increased susceptibility to disease, and visual deficiencies (Jehl, 1985; Acevedo & Aguayo, 2008). However, it is difficult to determine the fitness and health because individuals were in juvenile stage. Their erratic and silent behaviour did not allow us to collect more observational information.  However, it is known that leucism can provide indirect evidence of underlying genetic variability (Jehl, 1985), as well as genetic change for variations in attributes related to the adequacy and structure of populations (Acevedo & Aguayo, 2008). We recommend structuring a regional conservation program that seeks to restore the connectivity of the CBPF with the Chongon-Colonche Mountain range. This strategy may re-establish the genetic flow and reduce the genetic decline of isolated populations in this remnant of a tropical dry forest.

Albinism in plants is related to the absence of chlorophyll and it is considered a rare phenomenon (Silva et al., 2020). C	alls our attention that the observation of hypopigmentation in two seedlings of Dichapetalum (Dichapetalaceae) in CBPF and in a female juvenile of mantled howler monkey are present in a same area and period. If those are a result of random coincidence or perhaps interconnected or produced by some common agent deserves further research.

[bookmark: _Hlk90232529]CBPF is under strong pressure due to the constant growth of the city of Guayaquil and its surroundings, limestone quarries, agriculture, and livestock. These activities cause isolation from the rest of the Chongon-Colonche mountain range. Isolation is very likely causing a break in the genetic flow of its fauna. In addition, CBPF experiences pollution generated by the city, the mining, and farming activities which may cause a change in color patterns in primates (Galván et al., 2019). At the stage of this research, we can only speculate about the drivers of leucism in mantled howler monkeys in CBPF. Two hypotheses derive from our observations: 1) the expression of recessive genes in these whole-body leucistic individuals may be the result of a lack of genetic exchange due to isolation, where the inbreeding process is possibly increasing the population’s homozygous condition. This hypothesis coincides with the loss of alleles reported by Dunn et al. (2014), for the Mexican howler monkey. 2) The appearance of whole-body leucism might be the result of long-time exposure to environmental sulphur and other agents caused by pollution of fossil fuels combustion from vehicles, boilers from quarries as well as high content of sulphur in pesticides used in agriculture. This hypothesis coincides with Galván et al., 2019.  Furthermore, we speculated that both drivers might be interacting causing hypopigmentation in A. palliata population in CBPF. 

[bookmark: _Hlk92371688]The first record of whole-body leucistic individuals of mantled howler monkeys in south America occurring in CBPF, opens several research questions for future projects in CBPF and other protected areas that encompass tropical dry forest. For example: Does the records in Mexico, Costa Rica and Ecuador has the same driver?  Does hypopigmentation in tropical dry forest function as an adaptative advance or an ecological disadvantage? What are the mid and long-term social response of individuals showing hypopigmentation (albinism or leucism) in A. palliata population? Are the cases of juvenile howler monkeys with whole-body leucism and the seedlings of Dichapetalum showing albinism connected? Is the appearance of hypopigmentation driven only by the broken genetic flow or it is enhanced by sulphur and other pollutants? These and other questions about behaviour, ecology, fitness, survival, and genetics derived from our findings should be answered. However, as this is just a report, these questions were no addressed in the article. We encourage scientific community to consider reporting and researching in this field to deeply understand the mechanisms behind hypopigmentation and other colour aberrations in wildlife and their effect in conservation. 

Due to the relevance of our opportunistic findings. We decided to name the individuals Albita (female individual) and Japu (male individual). Albita is a combination of two-word structures; “Alba” that means white in Latin language and “ita” is commonly used diminutive word in Ecuadorian Spanish to refer to beautiful things and animals. Japu is the name of our scientific foundation, which made it possible to explore the areas where the individuals live. We think that by naming the individuals as Albita and Japu we enhance the importance of conservation by using them as flagship individuals for local empowerment of conservation, fundraising and research. 
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Figure 1. Location of the Cerro Blanco Protective Forest (yellow line) with respect to the city of Guayaquil (blue fill) and the Chongon-Colonche Mountain Range (purple line). 
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Figure 2. Geographical location of CBPF and current activities that surround the protected and buffer area. Location of leucistic individuals is depicted in polygon shapes (red square and light-blue circle).
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Figure 3. a) Photograph of female juvenile in the canopy of the tree. b) Photograph of an adult in the group nearby Individual sighting showing normal colour patterns. Close-up of individuals´ head showing normal dark pigmentation on eyes (c) and left nails showing decolouration (d). (Photos a, c, d, by Xavier Cornejo; b, by Julian Perez-Correa)
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Figure 4. a) Photograph of the male juvenile in the canopy of the tree. b) Photograph of an adult in the group nearby individual sighting showing normal colour patterns. Close-up of individuals´ tail (c) and feet (d) showing normal pigmentation on the palm (c) (Photos a, b, c, d by Denis Mosquera)
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Figure 5. Individuals of Dichapetalum (Dichapetalaceae) showing albinism (Photos by Xavier Cornejo)
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