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Abstract 
This study assessed the frequency of intestinal parasitism in Alouatta pigra inhabiting conserved and disturbed 

forest conditions in the Lacandona rainforest, Chiapas, Mexico. Thirty-nine fecal samples from individual monkeys 
were collected and analyzed using a flotation technique. The overall percentage of parasitized samples was 38.5% 
(15/39). Although the disturbed area showed a higher percentage of positive samples (46.2%) than the conserved 
area (23.1%), this difference was not statistically significant. The parasite genera identified were Controrchis sp., 
Strongyloides sp., Entamoeba sp., and Giardia sp.; samples with more than 1 parasite genus were recorded only in 
disturbed areas. These findings provide baseline information on intestinal parasitism in A. pigra in the southern 
Lacandona rainforest and suggest the need for future studies including local inhabitants, domestic animals, livestock, 
and environmental reservoirs to evaluate possible transmission pathways in human-modified landscapes.
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Introduction

The black howler monkey (Alouatta pigra) is a 
Mesoamerican primate species that inhabits Belize, 
northern Guatemala, and southeastern Mexico 
(Baumgarten & Williamson, 2007). It occurs in a 
variety of habitats, ranging from continuous rainforests 
to landscapes affected by anthropogenic disturbance. 
Research on intestinal parasitism in A. pigra has 
reported prevalences ranging from 15 to 81%, with the 
most frequently reported parasites including Controrchis 
biliophilus, Trypanoxyuris minutus, Giardia sp., and 
Entamoeba sp. (Eckert et  al., 2006; Trejo-Macías & 
Estrada, 2012).

Gastrointestinal parasites are common components of 
the natural parasitic fauna of wild primates; however, their 
ecological and conservation relevance depends on host 
condition, parasite load, parasite richness, seasonality, 
habitat quality, and exposure to environmental infective 
stages (Barelli et  al., 2020, 2021; Gillespie, 2006). In 
howler monkeys, parasitism has been associated with 
ecological factors such as seasonality, group size, 
habitat disturbance, and proximity to human-modified 
environments (Martínez-Mota et  al., 2018; Stoner & 
González-Di Pierro, 2006; Trejo-Macías & Estrada, 2012; 
Trejo-Macías et  al., 2007), which may influence host 
health, energetic balance, susceptibility to other stressors, 
and, under certain conditions, demographic parameters 
such as survival and reproduction (Akinyi et  al., 2019; 
Rakotoniaina et  al., 2016). Therefore, parasitological 
surveys in areas where primates are threatened are 
useful not only to document parasite occurrence but also 
to provide baseline information for future health and 
conservation monitoring (Gillespie, 2006; Martínez-Mota 
et al., 2018).

Environmental factors such as the rainy season, 
alongside habitat disturbance, have been implicated in the 
presence of gastrointestinal parasites in A. pigra (Trejo-
Macías & Estrada, 2012). Moreover, studies conducted 
in Belize and Mexico on A. pigra groups living near 
human settlements have reported infections with Giardia 
duodenalis, suggesting potential anthropozoonotic 
transmission pathways (Vitazkova & Wade, 2006). 
Nevertheless, the presence of intestinal parasites is 
influenced by habitat conditions, host behavior, diet, 
contact with infected individuals or environmental 
infective stages, and ecological factors that support 
parasite viability (Stoner & González-Di Pierro, 2006). 
Another study reported up to 19 parasite morphotypes 
in the feces of A. palliata mexicana and A. pigra, which 
inhabit the forests of Veracruz and Chiapas. A greater 
frequency of parasite-positive samples was recorded in 
fragmented rainforest areas, and nematodes were more 
frequently observed during the rainy season (Trejo-
Macías & Estrada, 2012).

Other studies have investigated intestinal parasites in 
primates inhabiting the Lacandona rainforest in Chiapas. 
One of them analyzed feces from A. pigra groups and 
documented up to 8 parasite taxa, including protozoans, 
nematodes, and a trematode (Stoner & González-
Di Pierro, 2006). That study reported higher parasite 
intensity in larger groups, as well as seasonal variation in 
the occurrence of protozoans and nematodes.

A study analyzed fecal samples from A. pigra living 
in both conserved and disturbed areas of Campeche 
and Chiapas, Mexico, and found a higher frequency of 
parasitized samples in the disturbed area, with nematodes 
recorded only in this habitat condition (Trejo-Macías et al., 
2007)2007. However, the relationship between disturbance 
and parasitism is not necessarily unidirectional. In 
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fragmented areas of Balancán, Tabasco, Mexico, parasite 
presence in A. pigra decreased with proximity to human 
settlements, suggesting that severe habitat disruption 
may alter host-parasite interactions and reduce parasite 
occurrence or richness under certain ecological conditions 
(Martínez-Mota et al., 2018).

In the Lacandona rainforest, conserved and disturbed 
areas are located on opposite sides of the Lacantun River. 
The river may not only limit the movement of some 
monkey individuals across both landscape conditions but 
also serve as a boundary between contrasting ecological 
environments and anthropogenic pressures. These factors 
may, in turn, influence the parasitic fauna of primate 
groups on either side of the river. Thus, we hypothesize 
that A. pigra individuals inhabiting the disturbed area 
would show a higher frequency of intestinal parasites than 
those inhabiting the conserved area. Consequently, the 
present study aimed to assess the frequency of intestinal 
parasitism and parasite richness in wild A. pigra inhabiting 
conserved and disturbed forest conditions in the southern 
Lacandona rainforest, Chiapas, Mexico.

Materials and methods

This study was conducted in the southern region of 
the Lacandona rainforest, Chiapas, Mexico (16°14’26.51” 
- 16°20’23.61” N, 90°51’24.43” - 90°46’24.46” W) (Fig. 1). 
Elevation ranges from 400 to 1,300 m asl. The predominant 
vegetation is tropical evergreen rainforest, characterized 
by a warm and humid climate, with an annual mean 
temperature of 24 -26 °C and annual precipitation ranging 
from 1,500 to 3,500 mm (Carabias et  al., 2015). Fecal 
samples were collected from 2 contrasting landscape 
conditions located on opposite sides of the Lacantún River. 
The first corresponded to a relatively well-conserved 
forest within the southern portion of the Montes Azules 
Biosphere Reserve (REBIMA), a federally protected area 
covering 331,200 ha and containing one of the largest 
remaining continuous tracts of humid tropical forest in 
Mexico. The sampled sites were embedded within an 
extensive forest matrix composed of low hills, alluvial 
terraces, floodplains, seasonally inundated areas, and 
karstic relief. Vegetation is dominated by tropical evergreen 
rainforest, where canopy trees generally reach 30-50 m 
and emergent individuals may attain approximately 70 
m in height. Localized patches of low-stature, savanna-
like vegetation occur under specific edaphic conditions; 
however, these patches represent a distinct vegetation type 
and should not be interpreted as part of the rainforest 
understory (Carabias et al., 2015; De La Maza, 2015; De 
Vos et al., 2015). 

The second condition corresponded to the human-
modified landscape of the municipality of Marqués de 
Comillas, located on the opposite bank of the Lacantún 
River. The municipality covers approximately 92,946 
ha and is characterized by a fragmented forest matrix 
interspersed with cattle pastures, agricultural fields, 
secondary vegetation, roads, and rural settlements. By 
2007, forest cover had declined to 46,304 ha, representing 
49.8% of the municipality’s potential forest area. In 2010, 
Marqués de Comillas had 9,856 inhabitants distributed 
among 28 localities, corresponding to an estimated 
population density of approximately 10.6 inhabitants 
km-2. Agricultural land occupied 13,133 ha in 2013, 
whereas the 2007 Agricultural, Livestock and Forestry 
Census recorded 17,405 cattle distributed among 944 
livestock production units. Typical production units 
covered approximately 30-50 ha, generally allocating  
20-40 ha to cattle pasture and 1-5 ha to maize, bean, 
squash, or chili cultivation. Therefore, the 2 conditions 
differed not only in their position relative to the Lacantún 
River, but also in forest continuity, degree of legal 
protection, human settlement density, and the extent and 
intensity of agricultural and livestock activities (Meli 
et al., 2015; Montes de Oca et al., 2015). 

This study was carried out under the collection 
permit number F00-DRFSIPS/OTA/036/2022, issued by 
the Ministry of the Environment and Natural Resources 
(Semarnat). Fecal samples were collected once per 
individual, whenever possible, from May to October 2023 
and in January 2024, depending on access to conserved and 
disturbed areas in the Lacandona rainforest. The samples 
were collected from free-ranging A. pigra individuals 
belonging to approximately 13 monkey groups: 8 in the 
disturbed area and 5 in the conserved area, based on 
field observations and the spatial separations of sampling 
sites. Sampling effort included 3 days of survey in the 
conserved area and 2 days of survey in the disturbed area. 
Monkey groups were located between 06:00 and 08:30 h. 
We waited for the monkeys to defecate and collected the 
samples immediately after deposition. Fresh fecal samples 
were collected from the ground or vegetation, avoiding 
portions that were in direct contact with soil (Gillespie, 
2006). Using a sterile spatula, ~ 5 g of each fecal sample 
was transferred into a plastic tube containing 15 mL of 
10% formaldehyde for preservation (Govea-Casas et  al., 
2024)Ocú, Herrera (sitio 1. All samples were labeled with 
an identification number, collection date, habitat condition 
(conserved or disturbed), and geographic coordinates 
(Gillespie, 2006). 

Preserved samples were homogenized, and 8 mL of 
each suspension was filtered through medical gauze. 
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A 0.85% NaCl solution was added until the tube was 
nearly full, and the mixture was centrifuged at 500 x g 
for 10 min. After decanting the supernatant, the pellet was 
resuspended in a 33% ZnSO4 solution, keeping the liquid 
level approximately 3 mm below the rim of the tube. 
Samples were then centrifuged again at 500 x g for 10 min. 
Three 10 µL aliquots of the supernatant were examined 
under light microscopy. Parasite structures, including 
cysts, trophozoites, eggs and larvae, were documented 
using a Zeiss™ camera, following established protocols 
(Garcia et al., 2005). For each sample, parasite detection 
was recorded as positive or negative, and the number 
of parasite genera was classified as 1 parasite genus or 
more than 1 parasite genus. Habitat condition (conserved 
or disturbed) and season (dry or rainy) were treated as 
categorical variables (Monitoring intestinal parasites 
in Alouatta pigra at the Lacandon forest, Chiapas - 
Mendeley data; Aranda-Coello et al., 2025). Associations 
between parasite detection and categorical variables were 
evaluated using Fisher’s exact test, with p-values ≤ 0.05 
considered statistically significant. All statistical analyses 
were performed using SPSS v.25 (IBM Corp, Armonk, 
NY, USA).

Results

A total of 39 fecal samples were collected, each 
corresponding to a different A. pigra individual, in the 
southern region of the Lacandona rainforest. More than 
half of these samples were collected in the disturbed 
area (N = 26, 66.7%), whereas the remaining samples 
were collected in the conserved area (N = 13, 33.3%). By 
season, 7 samples (18%) were collected during the dry 
season and 32 (82%) during the rainy season.

The overall frequency of intestinal parasites was 
38.5% (15/39). A higher percentage of positive samples 
was observed in the disturbed area (46.2%; 12/26) than in 
the conserved area (23.1%; 3/13), although this difference 
was not statistically significant (p > 0.05). No significant 
association was detected between parasite presence and 
season (p > 0.05). However, these results should be 
interpreted with caution because all dry-season samples 
were collected from the disturbed area. 

The parasite genera identified were Controrchis 
sp., Strongyloides sp., Entamoeba sp., and Giardia sp. 
Parasite richness was slightly higher in the disturbed area. 
Fecal samples containing more than 1 parasite genus were 
recorded only in the disturbed area (Table 1, Figs. 2, 3). 

Figure 1. Map showing the fecal sample collection sites of Alouatta pigra in conserved and disturbed forest conditions in the 
southern Lacandona rainforest, Chiapas, Mexico. Sample IDs are shown for each collection site; some points partially overlap 
because samples were collected at very close geographic locations.

https://data.mendeley.com/datasets/wmt6txnb8r/1
https://data.mendeley.com/datasets/wmt6txnb8r/1
https://data.mendeley.com/datasets/wmt6txnb8r/1
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Discussion

The relationship between habitat disturbance and 
intestinal parasitism in A. pigra appears to be context-
dependent. In the southern Lacandona rainforest, habitat 
condition was not significantly associated with parasite 
occurrence, suggesting that local ecological conditions, 
host behavior, seasonality, and contact with environmental 
infective stages should be considered jointly when 
interpreting patterns of parasitism. Similar parasite-
positive frequencies have been reported in previous 
studies of howler monkeys from southern Mexico and 
Mesoamerica, including A. pigra populations inhabiting 
forests with different degrees of anthropogenic disturbance 
(Stoner & González-Di Pierro, 2006; Trejo-Macías & 
Estrada, 2012; Trejo-Macías et  al., 2007; Vitazkova & 
Wade, 2006).

A previous study conducted in Palenque, Chiapas, 
and Los Tuxtlas, Veracruz, reported higher prevalences 
of parasitized individuals in A. pigra and A. palliata 
inhabiting disturbed areas (23.9% and 45.7%, respectively) 
than in conserved areas (13.9% and 23.6%, respectively) 

(Trejo-Macías et al., 2007). Our results showed a similar 
descriptive tendency, with a higher percentage of positive 
samples in the disturbed area, although the difference 
was not statistically significant. Thus, our findings are 
consistent with the hypothesis that human-modified 
landscapes may alter exposure pathways to intestinal 
parasites, but they do not provide statistical evidence that 
habitat conditions alone explain parasite occurrence in 
this population.

In the Lacandona rainforest, a significant factor 
contributing to disturbance has been the establishment 
of human settlements since the 1980s, followed by the 
expansion of agricultural practices and cattle ranching 
(Meli et  al., 2015; Montes de Oca et  al., 2015). In 
Marqués de Comillas, forest fragments are embedded 
within a matrix of cattle pastures, agricultural fields, 
secondary vegetation, rural settlements, and roads 
(Meli et  al., 2015; Montes de Oca et  al., 2015). These 
landscape characteristics may increase spatial overlap 
among wildlife, humans, livestock, domestic animals, and 
environmental sources of infective stages, as has been 
suggested for non-human primates and other wildlife 

Table 1
Frequency of intestinal parasitism, type of parasitism, and parasite genera detected in Alouatta pigra from conserved and disturbed 
forest conditions in the Lacandona rainforest, Chiapas, Mexico.

Sampling areas

Coproparasitoscopic analysis Preserved N (%) Disturbed N (%) p-value

Positive 3 (23.1) 12 (46.2) 0.295
Negative 10 (76.9) 14 (53.8)
Type of parasitism
One parasite genus 3 (23.1) 9 (34.6) 0.384
More than 1 parasite genus 0 (0.0) 3 (11.5)
Season
Dry 0 (0.0) 7 (26.9) 1.000
Rainy 13 (100.0) 19 (73.1)
Identified parasites
Entamoeba sp. 1 (7.7) 3 (11.5) 1.000
Giardia sp. 2 (15.4) 6 (23.1) 0.694
Strongyloides sp. 0 (0.0) 4 (15.4) 0.281
Controrchis sp. 1 (7.7) 4 (15.4) 0.648
Entamoeba sp./ Giardia sp. 0 (0.0) 1 (3.8)
Strongyloides sp./ Giardia sp. 0 (0.0) 1 (3.8)
Strongyloides sp. /Controrchis sp. 0 (0.0) 1 (3.8)
Richness 3 4
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inhabiting anthropogenic landscapes (White et al., 2019; 
Gillespie, 2006; Martínez-Mota et al., 2018; Trejo-Macías 
& Estrada, 2012). However, because local inhabitants, 
livestock, domestic animals, soil, water, and other potential 
environmental reservoirs were not sampled in the present 
study, interspecific transmission or specific sources of 
infection cannot be inferred from our data. Future studies 
should evaluate these components to determine whether 
the disturbed landscape promotes parasite sharing among 
hosts or whether the detected parasites correspond mainly 
to taxa that are part of the natural parasitic fauna of 
platyrrhine primates (Barelli et al., 2020, 2021; Nosková 
et al., 2024).

Studies from other geographic regions also support 
the importance of evaluating intestinal parasites at the 

interface among humans, domestic animals, and non-
human primates, although these comparisons should be 
interpreted with caution because host species, parasite 
communities, ecological conditions, and human-wildlife 
contact patterns differ across regions. For example, 
a study conducted in the Republic of Congo reported 
shared protozoa and helminths infecting humans and non-
human primates living nearby (Medkour et  al., 2020). 
Another study carried out in Cumaral, Colombia, detected 
intestinal parasites such as Blastocystis sp. and Ascaris 
sp. in Saimiri cassiquiarensis, potentially associated 
with habitat loss and contact with humans and domestic 
animals (Rondón et al., 2025). These reports reinforce the 
need for future One Health approaches in the Lacandona 
rainforest.

Figure 2. A) Conserved area within the Montes Azules Biosphere Reserve (REBIMA), near Tzendales Station; B) disturbed area 
in Marqués de Comillas, Chiapas; C) Sankey diagram representing the flow between sampling areas and coproparasitological 
findings in Alouatta pigra from the Lacandona rainforest, Chiapas, Mexico. The flows illustrate the frequency of samples from 
each area by type of parasitism (monoparasitism refers to 1 parasite taxon per sample, whereas polyparasitism refers to mixed 
infections with more than 1 parasite taxon per sample) and parasite genera detected. The width of each connection is proportional 
to the number of samples. The figure was generated in Python using the Plotly library.
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The parasite genera identified in this study were: 
Giardia sp., Controrchis sp., Strongyloides sp., and 
Entamoeba sp. Overall, Giardia sp. was the most 
frequently detected genus, occurring in both conserved and 
disturbed areas. This genus has been previously reported 
in A. pigra from Belize and Mexico, including groups 
living near human settlements, where its presence has 

been discussed in relation to potential anthropozoonotic 
transmission pathways (Vitazkova & Wade, 2006). 
Molecular characterization would be necessary to assess 
the epidemiological relevance of these findings (Feng & 
Xiao, 2011).

Controrchis sp. was detected in both forest conditions, 
with a slightly higher percentage in the disturbed area. 

Figure 3. Gastrointestinal parasites detected in fecal samples of Alouatta pigra from the southern Lacandona rainforest, Chiapas, 
Mexico. A) Cyst of Entamoeba sp.; B) cyst of Giardia sp.; C) larvated egg of Strongyloides sp.; D) egg of Controrchis sp.;  
E) filariform larva of Strongyloides sp.
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Previous studies have documented Controrchis biliophilus 
in A. palliata and A. pigra from southern Mexico, 
including populations inhabiting disturbed or fragmented 
habitats ( Trejo-Macías & Estrada, 2012; Trejo-Macías 
et  al., 2007). The life cycle of Controrchis sp. has been 
associated with the ingestion of infected ants of the genus 
Azteca, which are ecologically associated with Cecropia 
trees (Kowalzik et al., 2010). In the Lacandona rainforest, 
Cecropia obtusifolia is a common pioneer tree species 
in disturbed and regenerating areas (Diemont & Martin, 
2009). Therefore, variation in the abundance of Cecropia 
trees, Azteca ants, and primate foraging behavior may 
influence exposure to Controrchis sp.

Strongyloides sp. was detected only in samples from 
the disturbed area. Species of Strongyloides have direct life 
cycles and environmentally free-living stages that may be 
influenced by humidity, soil conditions, host density, and 
fecal contamination (White, M.A.F. et al., 2019; Nosková 
et  al., 2024). The detection of Strongyloides sp. only in 
the disturbed area may be consistent with environmental 
conditions that favor exposure to infective larvae, but 
the absence of this genus in the conserved area cannot 
be interpreted as a true absence because of the limited 
sample size and uneven sampling effort between forest 
conditions.

Samples containing more than 1 parasite genus 
were recorded only in disturbed areas. Similar patterns 
in parasite richness have been reported in Neotropical 
primates inhabiting fragmented landscapes; however, 
parasite dynamics can vary according to host species, 
group size, behavior, diet, parasite community composition, 
seasonality, and local ecosystem characteristics (Klain 
et al., 2023; Rondón et al., 2017, 2025).

Our findings are also consistent with studies showing 
that the relationship between disturbance and parasite 
occurrence is not straightforward. For example, in the 
fragmented landscapes of Tabasco, Mexico, parasite 
presence in A. pigra decreased with increasing proximity 
to human settlements, suggesting that severe habitat 
alteration may reduce some opportunities for parasite 
transmission or disrupt host-parasite interactions 
(Martínez-Mota et  al., 2018). Similarly, in Alouatta 
guariba clamitans, landscape structure had only a weak 
influence on parasite richness (Klain et al., 2023). Thus, 
the higher percentage of positive samples and the slightly 
greater parasite richness observed in the disturbed area of 
the Lacandona rainforest should be interpreted as a local 
pattern that requires confirmation with larger, seasonally 
balanced sampling and additional ecological variables.

The present study has several limitations. First, the 
sample size was limited, particularly in the conserved 

area, where locating groups was more difficult due to 
the expanse and inaccessibility of the continuous forest. 
Second, sampling was not balanced across seasons 
because dry-season samples were collected only from the 
disturbed area.

Third, coproparasitological techniques may limit 
parasite identification to higher taxonomic levels such 
as genus or family, even as morphotypes, and do not 
provide accurate parasite load estimates. Fourth, humans, 
livestock, domestic animals, water, soil, and potential 
intermediate or paratenic hosts were not sampled. These 
limitations restrict our ability to infer transmission 
pathways or determine whether the parasite taxa detected 
in A. pigra are shared with other hosts in the disturbed 
landscape, a question that requires broader ecological, 
parasitological, and molecular approaches (White et  al., 
2019; Feng & Xiao, 2011; Gillespie, 2006; Nosková et al., 
2024).

Further research should include larger and seasonally 
balanced sampling across conserved and disturbed forest 
conditions, as well as quantitative estimates of parasite 
load. Studies should also evaluate intestinal parasites 
in local inhabitants, livestock, and other domestic 
animals, as well as in environmental reservoirs such as 
water and soil, with appropriate ethical approval and 
informed consent when human participants are involved. 
Additionally, molecular techniques are needed to identify 
parasite species or lineages, particularly for Giardia sp. 
and Strongyloides sp., and to evaluate their potential 
zoonotic relevance (White et al., 2019; Feng & Xiao, 2011; 
Nosková et al., 2024). Overall, this study provides baseline 
information on intestinal parasitism in A. pigra from the 
southern Lacandona rainforest and contributes to future 
health-monitoring efforts for this threatened primate in 
landscapes with contrasting conservation conditions.
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