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Abstract 14 

Parasites constitute essential elements of biodiversity, playing fundamental roles for the functioning and 15 

configuration of any ecosystem. The continuous and accelerated human expansion into previously 16 

pristine territories is changing landscape structure and climatic regimes that could alter host – parasite 17 

dynamics. We explore the influence of landscape structure and habitat quality on gastrointestinal 18 

parasites in several species of mammals inhabiting remnants of tall evergreen forest within a matrix of 19 

anthropic vegetation. Here, we record 32 taxa of gastrointestinal parasites with nematodes as the most 20 

diverse group. Landscape variables such as forest edge density, river density and percentage of 21 

conserved habitat were among the best predictors of gastrointestinal parasites. Parasite species richness 22 

was higher in conserved habitats, but hosts living in disturbed areas show higher intensity of infection. 23 

The results presented here indicate that parasites are susceptible to habitat perturbation. It is pertinent 24 
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to keep monitoring wildlife health in human dominated landscapes to understand disease dynamics, 25 

zoonotic risk, and ecosystem health. 26 

 27 
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1. Introduction 49 

The COVID-19 pandemic has evidenced the strong link between animal and human health, and the 50 

enormous repercussions that certain human activities can have on a disease dynamics and global 51 

welfare. These recent events highlight the importance of monitoring wildlife parasites and pathogens, as 52 

well as ecosystem health with the aim of identifying potential disease agents, and elucidating disease 53 

evolutionary and ecological processes to pursue planetary health and biodiversity conservation (Glidden 54 

et al., 2021). Modern approaches for the study of wildlife and human health, such as One Health, 55 

address these global health objectives by including both environmental and ecological components, and 56 

human and social factors. By integrating human and non-human disciplines, we hope to improve our 57 

understanding of  the interactions among human induced changes in habitat, parasites, pathogens and 58 

biodiversity (Aguirre et al., 2002; Cunningham et al., 2017; Murray et al., 2018). 59 

Parasites constitute essential elements of biodiversity, playing fundamental roles for the 60 

functioning and configuration of any ecosystem. Even though a state free of disease is desired at the 61 

individual level, at population and community levels parasites regulate many aspects of their hosts’ 62 

biology, behavior, demography, predation dynamics, and even host diversity and evolution (Betts et al., 63 

2018; de Thoisy et al., 2021; Marcogliese, 2004).  Thus, the presence of parasites is expected in any 64 

functional ecosystem (Marcogliese, 2005). The continuous and accelerated human expansion into 65 

previously pristine territories is changing landscape configuration, habitat structure, and climatic regimes 66 

that could alter ecological interactions such as parasitism. Through directly modifying an ecosystem’s 67 

species composition, these environmental perturbations could impact the prevalence of parasitic 68 

diseases by changing parasite abundance, host densities, or facilitating the exposure to new parasites 69 

(Ancillotto et al., 2018; Lafferty and Kuris, 2005). For instance, the emergence of infectious diseases in 70 

wildlife and humans has been associated to spillover events between domestic animals and wildlife living 71 



in proximity, as well as to human population expansion and encroachment into wildlife habitats 72 

exacerbating the contact with zoonotic agents (Daszak et al., 2000).  73 

The responses to environmental changes observed in parasites and parasitic diseases are 74 

complex, depending on the type of parasite and the environmental scene that they take place in. 75 

Processes of habitat loss and fragmentation could have different effects on the dynamics of parasitic 76 

diseases given their impacts on host density. A higher use intensity of the remaining habitat is expected 77 

to favor parasite transmission and prevalence by increasing the encounter rate among hosts, and 78 

between hosts and parasites (Budria and Candolin, 2014; Lafferty, 2003). For example, higher abundance 79 

and parasitic richness has been observed in aquatic amphibians inhabiting ponds in agricultural lands 80 

due to changes in water quality that might facilitate the presence of intermediate hosts (Mckenzie, 81 

2007). Likewise, deforestation has contributed to the proliferation of human parasitic diseases in the 82 

tropics, such as malaria, leishmaniasis and filariasis, by changing microclimatic and ecological conditions 83 

that favor the abundance of vectors, human – animal contact, and water pollution (Patz et al., 2000). 84 

Conversely, environmental perturbation could hinder transmission by isolating host populations, 85 

eliminating the parasite´s intermediate hosts, and altering microclimatic conditions that negatively affect 86 

the survivorship of a parasite’s free-living stages. Therefore, identifying those environmental and social 87 

factors that influence the presence, distribution and transmission of parasites and pathogens across 88 

habitat types and species is fundamental to address health issues, especially to decide the best strategies 89 

that could aid in the management and prevention of disease while fostering functional ecosystems. 90 

In this study, we explore the influence of landscape structure and habitat quality on the 91 

gastrointestinal parasitic frequency and richness in different wild mammal species inhabiting remnants 92 

of tall evergreen forest within a heterogeneous landscape dominated by anthropic vegetation. These 93 

host species show different life histories and tolerance to habitat perturbation and include: 1) two 94 

species of arboreal primates (howler and spider monkeys – Alouatta palliata and Ateles geoffroyi) that 95 



rely on forested land for subsistence; however howler monkeys seem to cope better with habitat 96 

fragmentation than spider monkeys (Bicca-Marques, 2003; Ramos-Fernández and Wallace, 2008); 2) one 97 

large terrestrial herbivore (tapir – Tapirus bairdii), which is associated to waterbodies and constrained to 98 

undisturbed habitat (de la Torre et al., 2018; Sánchez-Pinzón et al., 2019); 3) three species of small felids 99 

(ocelot, margay and yaguarundi – Leopardus pardalis, L. wiedii and Herpailurus yagouaroundi); and  4) 100 

two apex predators (jaguar and puma – Panthera onca and Puma concolor) with pumas considered less 101 

sensitive to human perturbation than jaguars (De Angelo et al., 2011). All of these species are considered 102 

as threatened species by Mexican law (SEMARNAT, 2010).  103 

We conducted a gastrointestinal parasitic survey and modelled the presence of parasites and 104 

multiparasitism as a function of different environmental and anthropic variables; furthermore, we 105 

assessed if such patterns are species-specific or rather general across mammals. We expect parasitism in 106 

species relatively tolerant to the anthropic landscape (such as howler monkeys and large felids) to be 107 

less influenced by landscape composition, than those mostly constraint to conserved habitat (such as 108 

spider monkeys and tapir). We also expect to find a higher parasitic richness in more conserved areas, 109 

whereas host living in more disturbed areas will show greater intensity of infections. Except for monkeys, 110 

parasitic information for these mammal species is not abundant. Hence, this study provides 111 

parasitological information regarding wild populations of these species of mammals and contributes to 112 

the understanding on how parasitic associations are responding to environmental changes and habitat 113 

transformation, to determine the possible implications for wildlife and ecosystem health in the region. 114 

 115 

2. Materials and Methods 116 

2.1 Study site and collection of samples 117 

The Uxpanapa Valley is located in the south of Veracruz state, southeastern Mexico. It is part of the Selva 118 

Zoque region, one of the largest northernmost relicts of tall evergreen forest in the country, home to 119 



vast biodiversity. Processes of deforestation and habitat transformation began in the region in the 120 

1970´s (Hernández-Gómez, 2014; Velasco-Toro, 1993) and today the Uxpanapa Valley consists of a 121 

heterogeneous landscape of forest fragments, secondary vegetation, and anthropogenic land-cover such 122 

as agricultural land and pastures for livestock, as well as paved roads and villages.  123 

We employed non-invasive techniques to collect fecal samples from different species of 124 

mammals including primates, tapir, and several wild felids in a total of 45 locations (Fig. 1). Primate 125 

groups were detected via their morning calls or by direct sighting; fresh fecal samples were collected 126 

right after deposition and placed in 50 ml tubes with 4% formalin. For tapir and wild felids sampling we 127 

employed a wildlife scat detection dog from the Conservation Canines program at University of 128 

Washington (Wasser et al., 2004). We conducted two surveys per locality each of 6 – 20 km circular 129 

transects. Surveys often followed human or game trails, but also included off-trail and road-side 130 

portions. Samples were preserved in 4% formalin for parasitological analysis. In the case of felids, a piece 131 

of the scat was kept frozen for genetic confirmation of host species through mitochondrial DNA 132 

sequencing. The ATP6 region (approximately 175 base pairs) was able to distinguish all sympatric 133 

carnivore species (data not shown). Additionally, host hair found in the scats (ingested during auto-134 

grooming) was used to support the felid species ID. We collected a total of 247 samples, 55 from howler 135 

monkeys in 18 localities; 68 from spider monkeys in 23 localities, 25 samples from tapir in 6 localities; 22 136 

from small felids in 16 localities, and 77 large felids samples in 27 localities (39 were confirmed jaguar, 18 137 

were confirmed puma, and 20 samples were confirmed large felids, but we could not discriminate 138 

between jaguar and puma). For each collected sample, we registered host species, habitat type, habitat 139 

condition, geographic location, as well as host sex and group size only for primates. All surveys were 140 

conducted with permission of local landowners. 141 

 142 

2.2 Coproparasitological examinations 143 



Preserved samples were examined for parasite eggs under direct light microscopy (10x, 40x, 144 

100x) using flotation in saturated sodium chloride solution, and simple sedimentation techniques (for 145 

complete protocols see Greiner and McIntosh, 2009). Both procedures were performed for each 146 

collected sample to avoid missing parasites with different egg densities. The identification of parasites 147 

was based on egg morphology, shape, size, and color. For each type of host, we estimated the 148 

percentage of positive samples (number of samples containing any parasite taxa divided by the total 149 

number of examined samples); prevalence (number of hosts infected with a particular parasite species, 150 

divided by the number of hosts examined -Bush et al., 1997), prevalence 95% CI employing the R 151 

package epiR  (Stevenson and Sergeant, 2022) and parasite richness (number of parasitic taxa identified). 152 

We also calculated parasite eggs per gram (EPG) of fecal material (Stoll, 1930) to explore the relationship 153 

between habitat quality and intensity of infection. Mean intensity of infection and 95% CI were 154 

estimated in Quantitative Parasitology (QP web) (Reiczigel et al., 2019). We acknowledge that EPG is not 155 

an accurate measure of parasite burden (Gillespie, 2006); nonetheless this is the best proxy to an 156 

intensity of infection measurement when employing non-invasive techniques for parasitological 157 

diagnosis. 158 

 159 

2.3 Landscape metrics 160 

We used a supervised classification of five multispectral SPOT 5 satellite images (5 bands, 10m 161 

resolution) of the Uxpanapa Valley with six vegetation classes: 1) primary forest, 2) mature secondary 162 

forest, 3) secondary forest, 4) grassland, 5) agriculture, and 6) urban (C. A. Muñoz-Robles, unpublished 163 

data). The image processing was conducted using PCI Geomatica 12 software (PCI Geomatics 2011). We 164 

also employed cartographic layers of villages, rivers, and roads (1:250,000 – 2010) from the Mexican 165 

National Institute of Geography, Statistics and Informatics (INEGI). We created two different sized 166 

buffers around the sampling point for each species of mammal; one comparable in size with the 167 



reported home range of each species, and a larger buffer almost twice the home range size  to assess the 168 

robustness of results and potential sensitivity to the fact that a fecal sample may not have been collected 169 

at the center point of the mammals’ home range (Vanderwaal et al., 2015).  170 

(Tables S1 – S3). In those cases where two or more buffers overlapped, the corresponding samples were 171 

then considered as part of the same buffer. We estimated landscape structure in each buffer based on 172 

five parameters: i) proportion of vegetation types (in percentage); ii) percentage of conserved habitat 173 

(primary plus mature secondary forest); iii) edge density (i.e., length of all conserved forest borders); iv) 174 

road density; and v) river density. Also, the distance to nearest town was calculated for each sampling 175 

point. Parameters of landscape structure for each buffer were estimated using the landscape vector 176 

overlay tools in LecoS 3.0 plugin (Jung, 2016) and the Quantum GIS 3.14 software (mean landscape 177 

statistics for each buffer size are shown in Tables S1 – S3).    178 

 179 

2.4 Data analyses 180 

To explore the association between landscape structure with gastrointestinal parasitism we built a series 181 

of models, employing different types of predictor and response variables. First, we performed 182 

generalized linear mixed models (GLMMs) fitted by maximum likelihood (Adaptive Gauss-Hermite 183 

Quadrature) to assess the effect of landscape structure on the presence/absence of parasites. We also 184 

built separate models for each of the most prevalent taxa of parasites in each species of mammal. Spatial 185 

metrics characterizing landscape structure within home range buffers were included as fixed effects, and 186 

buffer ID was included as random effect. The presence of parasites was modeled using a logit-link 187 

function with binomial distribution. To avoid multicollinearity, we removed variables with a Pearson’s 188 

correlation coefficient above 0.4 (Shrestha, 2020; Vatcheva et al., 2016). We built models of all possible 189 

combinations for a maximum of three predictors. Best-fitting models were selected using the Akaike 190 

Information Criterion corrected for small samples (AICc) retaining all models with with Δ AICc >2. Odds 191 



ratios (OR) and 95% confidence interval (95% CI) were calculated, as well as marginal and conditional R2 192 

(Nakagawa and Schielzeth, 2013).  193 

Second, to test the relationship between landscape structure and multiparasitism, we employed 194 

generalized linear models (GLMs) using parasite richness per buffer (the number of different parasite 195 

taxa found in all samples belonging to the same buffer) as response variable and the landscape metrics 196 

with r < 0.4 as predictors. Models were fit using Poisson distribution, best-fitting models were selected 197 

through the AICc criterion, and quality of fit was estimated through Nagelkerke’s pseudo R2 (Nagelkerke, 198 

1991). GLMMs and GLMs analyses were repeated using the larger buffer.  199 

Finally, to assess the effects of habitat quality on gastrointestinal parasitism, we ran GLMs with 200 

binomial distribution using as predictor categorical variables of habitat condition (conserved vs 201 

disturbed) and presence/absence of parasites as response variable. Conserved habitat was defined as 202 

those buffers with a primary forest cover of ≥ 60%. We constructed contingency tables and estimated 203 

the odds ratio and the Phi coefficient (φ) to assess the association between habitat quality and 204 

parasitism. The relationship between habitat quality and mean intensity of infection was explored 205 

through a U-test comparing parasite burden (EPG) in conserved versus disturbed habitats 206 

Statistical analyses were carried out in R, through libraries PerformanceAnalytics (Peterson and 207 

Carl, 2020), lme4 (Bates et al., 2015); best models were selected with MuMIn (Barton, 2020); odds ratios 208 

and quality of fit measurements were obtained with SjPlot (Lüdecke, 2021); Phi coefficient was 209 

estimated in epitools (Aragon, 2020); and regression plots were built with Sjplot and ggplot2 (Wickham, 210 

2016).      211 

 212 

1. Results 213 

3.1 Parasite prevalence and richness 214 



The studied mammal populations in the Uxpanapa Valley showed 57% of the samples positive for at least 215 

one taxa of gastrointestinal parasite, representing 141 positive cases out of 247 samples. Tapir showed 216 

the highest overall parasitism with 80% of positive to at least one parasite species, followed by primates 217 

with 64% positive samples, small felids (50%) and large felids (40%) (Tables S4 – S6). Primates were 218 

parasitized by at least 7 parasite taxa (5 taxa in howler monkeys, and 7 taxa in spider monkeys); tapir 219 

was parasitized by 13 parasite taxa, while felids were parasitized by 16 taxa (Tables S4 – S6). Parasites of 220 

the genus Strongyloides were among the most prevalent in primates and felids, while parasites 221 

belonging the family Trichostrongylidae were the most prevalent in tapir samples.  222 

 223 

3.2 Landscape structure and gastrointestinal parasitism 224 

A greater likelihood of infection with parasites was observed in howler monkeys living in areas with less 225 

proportion of mature secondary forest (β= -6.62, OR= 0 – 0.20, P= 0.009) and less edge density (β= -0.13, 226 

OR= 0.80 – 0.96, P =0.006) (Fig. 2). A negative association with edge density was also observed for the 227 

presence of nematodes (β= -0.17, OR= 0.75 – 0.95, P= 0.004), particularly Trypanoxyuris sp. (β= -0.21, 228 

OR= 0.69 – 0.94, P= 0.007) (Table S7). For spider monkeys, the probability of overall parasitism and 229 

infection for Strongyloides sp. was greater in areas with high proportion of conserved habitat (β= 0.51, 230 

OR= 1.18 – 2.31, P= 0.003; and β= 0.59, OR= 1.13 – 2.87, P= 0.01) and less proportion of grassland (β= -231 

9.77, OR= 0 – 0.04, P= 0.003) (Fig. 2, Tables S8). Likewise for tapir, presence of parasites was inversely 232 

related to edge density, particularly for parasites of the family Trichostrongylidae (β= -0.26, OR=0.60 – 233 

0.99, P= 0.04) and Kililuma sp. (β= -0.25, OR= 0.61 – 1, P= 0.05) (Fig. 3, Table S9).  234 

For small felids the best predictor was distance to nearest town, with higher probability of 235 

parasitism at longer distances, followed by a higher infection in areas with less edge density; however, 236 

none of the observed associations were statistically significant (P > 0.05) (Fig. 4, Table S10). For large 237 

felids in general, variables such as road density (β= 0.43, OR= 1.06 – 2.21, P =0.02), and distance to 238 



nearest town (β= 0.69, OR= 1.07 – 3.70, P= 0.03), along with river density (β= -2.47, OR=0.01 – 0.61, P 239 

=0.02), were also good predictors of presence of parasites. (Fig. 4, Table S11). For jaguars, less parasitism 240 

and infection for cestodes was observed in areas with higher river density (β= -1.10, OR= 0.13 – 0.84, P= 241 

0.02; and β= -2.03, OR= 0.02 – 0.85, P =0.03) (Fig. 4, Table S12); while for puma none of the tested 242 

models performed better that the other, resulting in non-significant associations (Table S13).  243 

 244 

3.3 Landscape structure and multiparasitism 245 

Areas with greater proportion of conserved vegetation were associated with higher parasitic richness in 246 

all sampled mammals except howler monkeys (Fig. 5); although the significance of such association was 247 

not ubiquitous (Table S14). In howler monkeys, greater parasite richness was associated with greater 248 

proportion of grassland (β= 2.41, P= 0.01), less proportion of mature secondary forest (β= -3.29, P= 0.05) 249 

and less edge density (β= -0.06, P= 0.05). Parasite richness in spider monkeys was better predicted by 250 

road density (β= -0.05, P= 0.25) and the proportion of conserved habitat (β= 0.05, P= 0.45), with a weak 251 

non-statistically significant association. For tapir, higher parasite richness was associated with less 252 

proportion of mature secondary forest (β= -7.61, P= 0.01), a greater proportion of conserved habitat and 253 

primary forest (β= 1.42, P= 0.01; and β= 0.13, P= 0.04) and less edge density (β= -0.09, P= 0.01). In small 254 

felids, high parasite richness was found in areas with less proportion of grassland (β= -12.8, P= 0.06). 255 

Likewise, parasite richness in large felids was associated with less proportion of secondary forest (β= -256 

3.60, P= 0.006), greater proportion of conserved habitat (β= 0.16, P= 0.02), and lower river density (β= -257 

0.47, P= 0.02). Particularly for jaguar, river density was the best predictor of parasite richness, although 258 

non-significant (β= -0.45, P= 0.07), while for puma none of the tested models performed better than the 259 

others or resulted in a significant prediction of parasite richness.  260 

The results of the GLMM assessing the effects of landscape structure on parasitism and 261 

multiparasitism were maintained when considering the expanded buffer zone, showing the same 262 



patterns of associations between predictor variables and parasitism as those found in the home range 263 

buffers for all species of mammals. This suggests robustness of the observed effects of the different 264 

predictors.  265 

 266 

3.4 Habitat quality and gastrointestinal parasitism 267 

A non-significant association was found when independently assessing the risk of parasitism and habitat 268 

quality (conserved vs disturbed) for each mammal (Fig. S1), except in the case of spider monkeys where 269 

a moderate positive association between habitat quality and parasitism was found (φ= 0.32 p = 0.016), 270 

with less positive samples in disturbed habitat (β= -1.70, OR= 0.18, P =0.013) (Fig 6). This association 271 

between habitat quality and parasitism was also observed when analyzing all hosts species together (φ= 272 

0.25 p = 0.00), with samples from disturbed habitats 65% less probable of having parasites than those 273 

from conserved habitats (β= -1.04, OR= 0.35, P < 0.001) (Fig. 6). When comparing intensity of parasitic 274 

infection between conserved versus disturbed habitat, there was a general tendency to present higher 275 

egg density on disturbed habitats (Fig. 6 B – H) (Table S16); however, none of these differences were 276 

significant when running the U-test. 277 

 278 

2. Discussion 279 

In this study we present data on the parasitic fauna of several species of mammals inhabiting remnants 280 

of tall evergreen forest within a matrix of anthropic vegetation, and we assess the effects of landscape 281 

structure on gastrointestinal parasitism and parasite species richness. Populations of mammals in this 282 

region showed moderate levels of parasitism with more than half of the samples positive for at least one 283 

taxa of parasites. We recorded 32 taxa of gastrointestinal parasites, with nematodes as the most diverse 284 

group. Richness data might be underestimated, because in some cases, morphological examinations of 285 

parasite eggs shed in feces only allowed diagnosis to the genus or even family levels.  286 



Landscape structure had strong effects on parasite infection. The best predictors of 287 

gastrointestinal parasites varied between mammals in accordance with their tolerance to disturbed 288 

habitats and include forest edge density, percentage of conserved habitat and river density. Primates 289 

and tapir, which highly rely on forest cover, were more likely to be parasitized in areas with less forest 290 

fragmentation and larger proportion of conserved habitat. Particularly, for spider monkeys which are 291 

highly vulnerable to habitat loss (Shedden et al., 2022), parasitism was better predicted by the amount 292 

of conserved habitat. Furthermore, for large felids, which can easily move through this heterogeneous 293 

landscape, likelihood of parasitism was negatively associated to variables related to human presence 294 

such as road density, distance to nearest town and river density. A moderate negative correlation was 295 

observed between river density and habitat conservation (data not shown), with higher river density in 296 

places with less amount of conserved habitat, suggesting that the presence of rivers may encourage 297 

human activity in the area, hence habitat perturbation. 298 

As part of the biological diversity and as components of any functional ecosystem, parasites are 299 

expected to be present in conserved habitats where they find suitable environmental and ecological 300 

conditions for their survival and transmission (Lafferty and Kuris, 2005; Marcogliese, 2005). Microclimatic 301 

conditions required for the survival of parasites have been reported to become increasingly hostile when 302 

approaching the edge between forest and agricultural lands. Particularly, the low humidity and higher 303 

temperatures of these border zones could negatively affect the viability of parasites’ infective stages 304 

such as eggs (Escorcia-Quintana, 2014). Habitat fragmentation and the resulting edge effect could be  305 

hindering parasite survival in highly fragmented habitats resulting in lower parasite infection than more 306 

conserved areas (Budria and Candolin, 2014) .  307 

As expected, multiparasitism was associated to landscape composition, with higher parasite 308 

species richness in areas with larger proportion of conserved habitat in almost all host species. Given the 309 

vast diversity of life history strategies of parasites, the reliance on different intermediate hosts to 310 



complete their life cycles, the variety of transmission dynamics, and free-living stages that could persist 311 

either in the water or in the soil, parasites are considered bioindicators of environmental quality (Sures 312 

et al., 2017; Vidal-Martínez et al., 2010). Since a single species of parasite could be associated to a series 313 

of different host species through its life cycle (vectors, intermediate hosts and reservoir hosts), the 314 

presence of a variety of parasites is only possible in ecosystems with high biodiversity. Furthermore, 315 

some parasites can be highly susceptible to toxins and pollutants especially during their free-living stages 316 

(Pietrock and Marcogliese, 2003); thus, a habitat free of contaminants is require for many parasites to 317 

persist (Lafferty and Kuris, 2005).  318 

Notably, in howler monkeys multiparasitism showed an inverse association of higher parasite 319 

richness in less forested areas. This trend has been also reported in Alouatta guariba groups inhabiting 320 

fragmented forest in Brazil, with higher parasite richness in small forest fragments and less forest cover 321 

(Klain et al., 2021); however, lower parasite richness has been reported in Alouatta palliata groups living 322 

in more disturbed forests (Cristobal-Azkarate et al., 2010), whereas others found no relationship 323 

between parasite richness and forest perturbation in Alouatta pigra (Martínez-Mota et al., 2018). Most 324 

of the parasites found in the surveyed howler groups during the present study have a direct life cycle; 325 

the ability of howler monkeys to cope with habitat perturbation and persist in forest fragments (Bicca-326 

Marques et al., 2020; Cristobal-Azkarate and Dunn, 2013) could result in higher population densities in 327 

habitat remnants facilitating the direct transmission of their parasites. More studies are needed to 328 

understand the confounding effects that habitat perturbation, host ecology and behavior, and parasite 329 

transmission mode could be having on parasite richness and prevalence in howler monkey groups living 330 

in heterogenous landscapes.  331 

Regarding the risk of gastrointestinal parasitism in relation to habitat quality, no differences 332 

were observed in terms of the percentage of parasitized hosts between conserved and disturbed 333 

habitats, except for spider monkeys which showed lower risk of parasitism in more disturbed areas. 334 



Nonetheless, higher egg density (EPG) was observed for many parasite species in disturbed versus 335 

conserved habitats. This higher intensity of infection by fewer parasite species in disturbed habitats, 336 

suggests that higher diversity of parasites in conserved habitats does not necessarily lead to a higher risk 337 

of parasitism for individual hosts. Higher intensity of infection in disturbed areas could be related to a 338 

host’s poor physical condition due to higher stress, deficient nutrition and loss of genetic diversity, 339 

making them more vulnerable to parasitic diseases and leading to a spiral of population decline (Arroyo-340 

Rodríguez and Dias, 2010; Budria and Candolin, 2014; Messina et al., 2018).  341 

Moreover, in anthropic landscapes such as this one, the remnants of forest constitute the main 342 

habitat for most wild mammals. The crowding effect, with higher hosts densities due to an increase in 343 

the intensity of use of these remnants of forest could be facilitating the transmission of certain parasites 344 

(Bonnell et al., 2018) as may be the case for howler monkeys in this study. Less parasite diversity in these 345 

disturbed areas could also signify less interspecies competition for host infection; therefore, those few 346 

parasite species that better cope with habitat perturbation can proliferate (Johnson et al., 2013; Johnson 347 

and Hoverman, 2012). Increasing biodiversity and connectivity in fragmented landscapes could have a 348 

variety of effects on parasitic disease dynamics, including possible negative outcomes suggested in 349 

previous studies (Halsey, 2019; Huang et al., 2016); nonetheless, the ecological and evolutionary benefits 350 

conferred by a more conserved and connected habitat seem to outweigh the parasite transmission 351 

concern (Johnson and Thieltges, 2010; Jousimo et al., 2014; Keesing et al., 2006; Mccallum and Dobson, 352 

2002).  353 

It is well known that opportunity for zoonosis and cross transmission is greater in the interface 354 

between humans, domestic animals, and wildlife (de Thoisy et al., 2021; Vanhove et al., 2020; White and 355 

Razgour, 2020). Rural anthropic landscapes where human encroachment into wild areas is constantly 356 

growing, as the case of our study site, constitute ideal models for the study of the parasitic communities 357 

of these three entities from the ecological and evolutionary perspective. In all the species of wild 358 



mammals surveyed, we registered several taxa of parasites that could be shared between wildlife and 359 

humans, or between wildlife and domestic animals. For example, strongyloidiasis, caused by soil-360 

transmitted helminths of the genus Strongyloides, is considered a neglected tropical disease due to its 361 

effects on human health (Olsen et al., 2009; WHO, 2021). Eggs of Strongyloides were observed in both 362 

primates and felids in our study area and were the most prevalent parasite in this survey. Likewise, 363 

species of Ancylostoma, Toxocara and Spirocerca are common parasites of dogs and domestic cats 364 

(Bowman et al., 2002; Saari et al., 2019), and were also found in wild felid scats. Determination of the 365 

transmission potential and zoonotic origin of these parasites needs to be appropriately verified, by 366 

adding diagnosis and molecular information of the parasites from humans and domestic animals in the 367 

region. However, it is clear from this study, that landscape structure and human activity influence in a 368 

complex manner parasitism in wildlife. 369 

 370 

3. Conclusion 371 

The results presented here indicate that parasites are susceptible to habitat perturbation. Habitat loss 372 

and fragmentation negatively affect the presence of parasites and parasite richness, while egg density 373 

suggested higher intensity of infections in hosts living in disturbed areas. Habitat transformation could 374 

have complex effects on parasite – host dynamics, depending on the host’s tolerance to perturbation 375 

and human presence. For those host relaying on forest cover, habitat loss changes could concentrate 376 

host activities and parasite occurrence into the remaining habitat possibly facilitating parasite 377 

transmission. On the other hand, highly tolerant hosts will be more exposed to parasitic contamination 378 

from humans and domestic fauna facilitating parasite cross-transmission and zoonosis. Conservation 379 

actions that aim to increase habitat amount and connectivity could aid in maintaining ecosystem 380 

biodiversity and possibly dilute parasitism. It is pertinent to keep monitoring wildlife health in human 381 



dominated landscapes to understand disease dynamics, zoonotic risk, and ecosystem health in modified 382 

landscapes.  383 
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 594 

Figure Legends 595 

Fiq. 1. Collecting sites at the Uxpanapa Valley, southeastern Mexico. Colors indicate land cover types. 596 

Different footprints indicate type of host mammal sampled. 597 



 598 

Fig. 2. Landscape structure predictors of gastrointestinal parasitism in primates at the Uxpanapa Valley 599 

southeastern Mexico. A) Top models ranked by AIC, rows represent individual models and columns 600 

represent predictor variables; significant associations are marked with ● (P ≤ 0.05); cells colored 601 

according to odds ratio. R2 expressed marginal R2 / conditional R2. B) Graphs of the significant 602 

relationships between landscape variables and presence of parasites in howler and in spider monkeys 603 

(C). Shading indicates 95% CI around the regression line.   604 

 605 

Fig. 3. Landscape structure predictors of gastrointestinal parasitism in tapir at the Uxpanapa Valley 606 

southeastern Mexico. A) Top models ranked by AIC, rows represent individual models and columns 607 

represent predictor variables; significant associations are marked with ● (P ≤ 0.05); cells colored 608 

according to odds ratio. R2 expressed marginal R2 / conditional R2. B) Relationship between presence of 609 

Trichostrongylidae and Kiluluma sp. and edge density. Shading indicates 95% CI around the regression 610 

line.   611 

 612 

Fig. 4. Landscape structure predictors of gastrointestinal parasitism in wild felids at the Uxpanapa 613 

Valley southeastern Mexico. A) Top models ranked by AIC, rows represent individual models and 614 

columns represent predictor variables; significant associations are marked with ● (P ≤ 0.05); cells colored 615 

according to odds ratio. R2 expressed marginal R2 / conditional R2. B) Relationship between the presence 616 

of parasites and river density in jaguar, and C) the relationship between landscape variables and the 617 

presence of cestodes in large felids. Shading indicates 95% CI around the regression line.   618 

 619 

Fig. 5. Landscape structure and multiparasitism in wild mammals at the Uxpanapa Valley southeastern 620 

Mexico. A) Top models ranked by AIC, rows represent individual models and columns represent predictor 621 



variables; significant associations are marked with ● (P ≤ 0.05); cells colored according to values of 622 

Nagelkerke’s R2. B) Graphs of the significant relationships between landscape variables and richness of 623 

parasites in howler monkeys; C) tapir; and D) large felids. Shading indicates 95% CI around the regression 624 

line.   625 

 626 

Fig. 6. Habitat quality and gastrointestinal parasitism in wild mammals at the Uxpanapa Valley in 627 

southeastern Mexico. A) Forest plot for the odds ratio of parasitism in disturbed habitat for each 628 

mammal host, error bars represent 95% CI; asterisks denote significant values (P ≤ 0.05). B - H) Boxplots 629 

of parasite’s egg density in disturbed versus conserved habitat in (B) howler monkeys, (C) spider 630 

monkeys, (D) small felids, (E) jaguar, (F) puma, (G) large felids, and (H) tapir 631 


