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The high diversity and endemism of cloud forests 
make them good models to explore the impacts of 
habitat disturbance on bat communities and their ecto-
parasites. Although bat responses to forest disturbance 
have been intensively studied, the response of their ec-
toparasites in cloud forests remains poorly known. We 
explore this knowledge gap by analyzing data gathered 
from 44 nights during a June-August field season in 
2019 within Cusuco National Park, a protected cloud 
forest located in northwestern Honduras. Mist-netting 
was conducted at five recording stations between 1,300 
and 1,925 m a.s.l., spanning a mix of closed-canopy 
forest and human-induced forest clearings. In total, 584 
bats representing 36 species were identified. An over-
all ectoparasite prevalence of 41% was recorded from 
all bat captures. Prevalence was similar between males 
and females, although juveniles displayed a higher rate 
than adults, and some species were more prone to par-
asitism than others. Parasite prevalence was positively 
correlated with altitude. In lower montane forest, bat 
assemblages and parasite prevalence did not differ be-
tween closed-canopy forest and forest clearings. Con-
versely, in upper montane forest, bat diversity and par-
asite prevalence rates were higher in forest clearings. 
Overall, our results suggested that the effect of forest 
clearance varied with elevation and bat species. Forest 
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Antecedentes: La alta diversidad y endemismos 
que presentan los bosques nublados los hacen mod-
elos perfectos para explorar los impactos que tiene 
la deforestación en el hábitat de las comunidades de 
murciélagos y de sus ectoparásitos. Aunque las re-
spuestas de los murciélagos a la deforestación han sido 
ampliamente estudiadas, se sabe muy poco acerca de 
la respuesta de sus ectoparásitos. A menudo, la re-
spuesta de los murciélagos a actividades antropogéni-
cas depende de la especie y la estructura del paisaje. 
Por ese motivo, nuestro objetivo fue evaluar el efecto 
de la tala de bosques en los ensamblajes de murciéla-
gos y en la prevalencia de ectoparásitos en las áreas de 
bosques montanos bajos y altos en el Parque Nacional 
Cusuco, un bosque de niebla protegido en el noroeste 
de Honduras.

Métodos: Entre los meses de junio y agosto del 
2019 se realizaron muestreos con redes de niebla en 
cinco estaciones de investigación, localizados entre 
1,300 y 1,925 m s. n. m., abarcando una mezcla de 
bosque con dosel cerrado y bosque con claros ocasio-
nados por la tala. Por la noche se colocaron cinco redes 
en las estaciones de muestreo, se tomó la muestra de 
tres estaciones de manera simultánea, en promedio. Se 
procesó, marcó y recolectó ectoparásitos a cada mur-
ciélago capturado. Por otra parte, se analizó y com-
paró la composición y estructura de los ensamblajes 
de murciélagos mediante un análisis multidimensional 
no métrico (nmds) y diversidad efectiva por números 
Hill. Así como también se comparó la prevalencia de 
los ectoparásitos influenciados por la fragmentación, 
a nivel de la comunidad y entre las especies más co-
munes mediante comparaciones múltiples y regresión 
múltiple binomial. 

Resultados: Un total de 584 murciélagos fueron 
identificados satisfactoriamente, pertenecientes a 36 es-
pecies y cinco familias, siendo la familia Phyllostomi-

Resumen extendido

clearance in high-altitude forests may have severe 
impacts on bat communities, not only reducing their 
diversity, but also increasing susceptibility to para-
site infection, with its associated debilitating effects.  

dae con mayor abundancia y riqueza. Se recolectaron 
ectoparásitos de 22 especies de murciélagos y se reg-
istró una prevalencia general de ectoparásitos del 46% 
de todas las capturas de murciélagos. La prevalencia 
fue similar entre machos y hembras, aunque los juve-
niles mostraron una tasa más alta que los adultos, y 
algunas especies fueron más propensas al parasitismo 
que otras. Además, se observó que la prevalencia del 
ectoparásito se correlacionó significativamente con la 
altitud. El ensamblaje de los murciélagos, en bosques 
de montaña baja no se encontraron diferencias signif-
icativas entre hábitats, en cuando a la diversidad y 
composición. Sin embargo, en los sitios de mayor al-
titud, los bosques con dosel cerrado presentaron una 
mayor diversidad en comparación con los sitios de 
bosque con claros ocasionados por la tala bosques. 
Este mismo patrón se observó en la prevalencia de 
ecotparásitos, pero las tasas de prevalencia fueron 
mayores en los claros ocasionados por la tala de 
bosque de montaña alta. 

Discusión: El efecto de los sitios perturbados 
en los ensamblajes de los murciélagos varía entre el-
evaciones, provocando diferencias estructurales en 
las comunidades y en el dominio de las especies. 
Por otra parte, la prevalencia de ectoparásitos en in-
dividuos juveniles pudo deberse a la composición 
de refugios, hábitos sociales o de acicalamiento. 
La tala de árboles de los bosques montanos altos 
puede tener graves impactos en las comunidades 
de murciélagos, no solo reduciendo su diversidad, 
sino también aumentando la susceptibilidad a la in-
fección por parásitos. Existe una creciente preocu-
pación por la pérdida continua de biodiversidad en 
los bosques nublados. Una mejor comprensión de 
estas funciones de respuesta a la presión podría pro-
porcionar herramientas para integrar el desafío de 
adoptar los sistemas socio-ecológicos en los pro-
gramas de conservación en Mesoamérica.
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Introduction
ies that have explored this question have presented 
ambiguous patterns. Proximity to forest edges has 
been reported to lead to a reduction of ectoparasites in 
rats (Kiene et al., 2020), which is consistent with the 
findings of Martínez-Mota et al. (2018), who studied 
parasite eggs in the stool of howler monkeys. On the 
other hand, Hiller et al. (2020), studying bat flies in 
Costa Rica, found that the direction of response to 
habitat types was host- as well as parasite-specific. 
Bat parasites such as bat flies can themselves be as-
sociated with numerous bacteria, viruses, blood par-
asites, and fungi (Liu et al., 2020; Szentiványi et al., 
2019). Studies have shown their potential as vectors 
for disease agents such as Bartonella and Ledantevi-
ruses (Dick & Dittmar, 2014; Goldberg et al., 2017).

Mesoamerican cloud forests represent a good 
model for exploring the impacts of habitat distur-
bance on communities of bats and their parasites. 
Firstly, it is likely that many species found here are 
locally endemic, given high endemism in other taxa 
and the high levels of host-specificity displayed in 
many bat parasites. As such, these endemic species 
are likely to represent important conservation pri-
orities for which novel data is particularly useful. 
Secondly, Mesoamerican cloud forests are heavily 
impacted by habitat destruction and degradation, 
experiencing some of the most severe rates of for-
est loss (relative to their overall area) of all Central 
American ecosystems (Cayuela et al., 2006; Hansen 
et al., 2020). Due to these pressures, it is necessary 
to conduct further research into their biodiversity, 
interactions, and responses to human disturbance.

Although bat responses to forest disturbance 
have been intensively studied, the influence of de-
forestation on bat ectoparasite prevalence in cloud 
forests remains poorly known. Moreover, these bat 
responses are often species-specific, as well as sen-
sitive to spatial scale, degree of deforestation, and 
landscape matrix (Meyer et al., 2016). At the popula-
tion level, studies suggest that abundance responses 
to fragmentation are highly species- and guild-spe-
cific. Where abundances in frugivorous and nectiv-
orous bat species often increase with disturbance, 
gleaning and carnivorous and insectivorous species 
typically decrease in abundance (Meyer & Kalko, 
2008; Sampaio et al., 2003). On the other hand, at 

A distinctive feature of the Mesoamerican biodiver-
sity ‘hotspot’ (Myers, 2003; Myers et al., 2000) is its 
cloud forest ecosystems, which occur from southern 
Mexico to Panama. Because of its geological history 
and varied topography, Central America and its cloud 
forests exhibit high biodiversity and endemism rates 
(cepf, 2020; Powell & Palminteri, 2001). Cloud for-
ests typically represent ‘islands in the sky’; patches of 
habitat with cooler, moister conditions compared with 
lower altitude forests. This distinctive habitat, cou-
pled with their biogeographical isolation, has led to 
the evolution of many species unique to these forests 
(Helmer et al., 2019), including within its bat com-
munities. Cloud forest bat communities as a whole 
provide important ecosystem services, acting as seed 
dispersers, pollinators, and predators of pest species 
(Fleming, 1993; Kalko et al., 1996; Medellín et al., 
2000). The diversity of bats in terms of both species 
and functional roles also contributes to the diversity of 
parasites that live on them. 

Due, in part, to their ecological adaptations (spe-
cialist feeding guilds, flight, communal roosting), bats 
are parasitized by many groups of arthropods (Sim-
mons & Conway, 2003), such as mites, ticks, fleas, 
bugs, and bat flies (Dick & Graciolli, 2013; Lou-
renço & Palmeirim, 2008; Marshall, 1982, reviewed 
in Haelewaters et al., 2018, 2020). Of these, bat flies 
are the best known and best studied. Bat flies are high-
ly specialized ectoparasites that are exclusively as-
sociated with bats. They live in the fur and on wing 
membranes and feed on the host’s blood. While bat 
flies are currently split into two families, Nycteribiidae 
and Streblidae, recent phylogenetic studies found that 
Streblidae is not a monophyletic group (Dittmar et al., 
2006). The nycteribiids, with about 276 described spe-
cies in 11 genera, are most species-rich in the Eastern 
Hemisphere, whereas streblid bat flies (~240 species, 
33 genera) are richer in the tropics and subtropics of 
the Western Hemisphere (Dick et al., 2016; Graciolli 
& Dick, 2018; Haelewaters et al., 2020).

The ecology of parasites remains poorly studied in 
most tropical regions and the effects of habitat loss and 
fragmentation on parasites are poorly understood. Stud-
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the assemblage level, a positive or negative response de-
pends on the structure, type of fragmentation, and habitat 
(Faria et al., 2006; Farneda et al., 2015). Bat assemblag-
es vary along elevation gradients, and it is highly likely 
that they also vary along disturbance gradients in cloud 
forest ecosystems as well. However, the relative impor-
tance of these two variables for driving composition of 
bat communities and their ectoparasites remains poorly 
explored in Mesoamerican cloud forests. Therefore, our 
primary aim was to assess the effect of altitude and hu-
man-induced forest clearance on bat assemblages and 
their ectoparasites in lower and upper montane forests, 
as a first step to understanding the impact of these en-
vironmental gradients. While the ectoparasites have not 
yet been identified, we were also interested in parasite 
prevalence on different bat species, and how prevalence 
is affected by age of the bat host, reproductive status, al-
titude, and anthropogenic forest clearance. In this study, 
we present the results of our mist-netting surveys during 
field season 2019 at Cusuco National Park (cnp), a pro-
tected cloud forest in northwestern Honduras, where 
deforestation has rapidly accelerated in recent years, 
especially in the western side of the park (Martin et al., 
2021).

Methods
Study area

Cusuco National Park (cnp, located at 15°32’31”N 
88°15’49”W) is a 23,440-ha protected area of montane 
cloud forest located in the Sierra de Omoa, part of the 
Merendón mountain range in northwestern Honduras. 
The park spans an altitudinal range of 500–2,242 m 
a.s.l. and is divided into 7,690 ha of core zone and 
15,750 ha of buffer zone, where some limited agricul-
ture and other land use is permitted (Martin & Black-
burn, 2009). The area receives an average of 2,788 mm 
of rain annually (Fundación Ecologista, 1994) and 
has a mean summer day time temperature (June–July) 
ranging from 21 °C at 1,150 m a.s.l. (range: 18–23.5 
°C) to 15 °C at 2,200 m a.s.l. (13–16.5 °C) (Jones et 
al., 2020). The park represents a mosaic landscape 
with four categories of forest: tropical lowland dry for-
est, tropical moist forest, montane (cloud) forest, and 

‘bosque enano’ or dwarf forest found above 2,000 
m a.s.l. (Hoskins et al., 2018), although only small 
fragments of the first two categories remain in the 
buffer zone of the park.

Mist-netting

As part of the long-term biodiversity monitoring 
efforts by Operation Wallacea (Gilroy et al., 2017), 
we conducted mist-netting surveys at five camps (re-
cording stations) from June 8th to August 1st, 2019, 
located between 1,300 m and 1,925 m a.s.l. inside 
the core zone of cnp. Within each camp, depending 
on the local topography, we established three to five 
fixed-location mist-netting sites between 300 and 
600 m apart (a total of 19 mist-netting sites). Three 
camps were sampled per night for six nights per 
week. For each survey session at each site, we used 
five nets (four 6 m × 2.6 m, one 12 m × 2.6 m nets, 
all with 36-mm mesh and five shelves) placed along 
trails and streams that acted as natural corridors. 
Mist nets were opened before sunset and checked 
every 15–30 minutes for six hours. Once a mist-net-
ting site was sampled, it was not surveyed again for 
at least three days. We did not survey during nights 
with heavy rainfall. Sampling effort was calculated 
by summarizing the total meters of net and multi-
plying this by the number of hours nets deployed 
per night and presented as m2h (Straube & Bian-
coni, 2002).

We processed, marked, and released bats at the 
location of capture following previously described 
protocols (Sikes, 2016). Processing included spe-
cies identification, determination of the sex, relative 
age (juvenile or adult), determined by the degree 
of ossification of the metacarpal-phalangeal joints 
(Baagøe, 1977), and reproductive status (female: 
non-reproductive, pregnant, lactating, post-lactating; 
male: scrotal, non-scrotal). We also measured the 
forearm length (mm) and body mass (g) and marked 
captured bats by clipping a small patch of dorsal fur. 
This temporary marking procedure is a useful and 
harmless technique for identifying recaptured indi-
viduals. We identified individuals to species-level 
using taxonomic keys (Medellín et al., 2007; Mora, 
2016; Timm & Laval, 1998). Bat taxonomy follows 
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tive abundance for each species in each site using the 
following equation: RAspi = Total captures ÷ mnh 
× 100.

RAspi = relative abundance for a species “i”; to-
tal captures = number of captures per species in a site; 
mnh = total number of hours that the nets remained 
open (Medellín et al., 2000). The results were multi-
plied by 100 to correct for small values (de Carvalho 
et al., 2019).

Because bat assemblages differ significant-
ly with respect to elevation (Medina-van Berkum 
et al., 2020), we conducted two separate analyses, 
one considering the camps in lower montane forest 
(1,200–1,400 m a.s.l., Guanales and El Cortecito) 
and another considering the camps in upper mon-
tane forest (1,500–1,700 m a.s.l., Base Camp and El 
Danto). We estimated Hill numbers using individ-
ual-based abundance rarefaction and extrapolation 
(Hsieh et al., 2016). The following diversity mea-
sures were calculated: q0 (species richness), which 
is insensitive to species abundance; q1 (the expo-
nential of Shannon entropy, referred here as Shan-
non diversity), which measures the number of com-
mon species in a community, (Chao et al., 2014). 
Species diversity profiles were compared through 
overlapping confidence intervals (5–95%). To test 
for differences in species composition between 
closed-canopy forest and forest clearing sites, we 
used an Analysis of Similarity (anosim), based on 
Bray-Curtis dissimilarity distances of species rela-
tive abundance. anosim provides a r value between 
0 (minimum similarity) and 1 (maximum similari-
ty). A p-value < 0.05 indicates that the results of the 
analysis are significant. 

Finally, to test whether relative abundance and 
parasite prevalence was influenced by human-in-
duced clearings at assemblage level and at spe-
cies-specific level, Mann–Whitney U-tests were 
conducted. Additionally, a glm with a binomial 
distribution was performed, where presence of ec-
toparasites was the binomial dependent variable (1 
= parasites, 0 = no parasites) and disturbance de-
gree, age, and sex were the independent variables. 
To correct for the unequal sampling effort per site, 
a variable log (effort) as offset was included in the 
formula (Hosmer et al., 2013).

Tejedor (2005) (for Natalus lanatus), Velazco & Sim-
mons (2011) (for Sturnira parvidens), Mantilla-Meluk 
& Muñoz-Garay (2014) (for Myotis pilosatibialis), and 
iucn (iucn, 2020) (for all other bat species).

Ectoparasite collection

Collection of ectoparasites (bat flies and mites) was 
conducted following methods described by Walker 
et al. (2018). In order to collect fast-moving bat flies 
from their bat hosts, we first applied 96% ethanol with 
a paintbrush to slow them down. We removed ecto-
parasites using rigid Swiss Style Forceps #5 with su-
perfine tip (BioQuip #4535, Rancho Dominguez, ca, 
usa) or Featherweight Forceps with narrow tip (Bio-
Quip #4748). Some ectoparasites were collected by 
hand. Upon collection, ectoparasites were immediately 
transferred to 1.5 mL Eppendorf tubes or 0.2 mL pcr 
tubes (one tube per bat host) filled with 96% ethanol 
for preservation and long-term storage. 

Data analysis

We constructed species accumulation curves with 1000 
randomizations for observed and estimated species 
richness (Jackknife 2 and Bootstrap) for cnp by con-
sidering each night as an independent sampling occa-
sion. Then we evaluated the efficiency of the sampling 
effort and the representation of bat communities in 
the different camps by the estimation of Hill numbers. 
With this approach, by providing estimators for inter- 
and extrapolation, it is possible to compare different 
sample sizes. This extrapolates the smallest samples 
and compares species richness estimates at equal sam-
pling completeness (Chao et al., 2014). To compare 
the proportions of parasite prevalence between sexes 
and ages we applied Chi-squared tests.

To compare the bat community and ectoparasite 
prevalence between closed-canopy and anthropogenic 
forest clearing sites, we took three main approaches: 
1) first, we performed a Nonmetric Multidimension-
al Scaling (nmds) using Bray–Curtis dissimilarity; 2) 
then we estimated the diversity via Hill numbers; 3) 
finally, we compared the relative abundance and par-
asite prevalence at assemblage level and for the most 
commonly captured species. We determined the rela-
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For all analysis we excluded all recaptured bats, 
and all statistical analyses were performed using R 
software version 3.6.1 (R Core Team, 2020) and the 
packages “vegan” (Oksanen et al., 2019) and “iNext” 
(Hsieh et al., 2016). To assess the Nonmetric Multidi-
mensional Scaling, we used PAlaeontological STatis-
tics (past) 2.17c software (Hammer et al., 2001).

Results
Bat assemblages. We captured a total of 590 bats 
(40,912 m2h), of which 584 could be reliably identi-
fied. The remaining 1% escaped before they could be 
fully identified. The rate of recapture was 7.7% (42 
bats) and varied among sites (Table 1). Our study sam-
ple of bats represented 36 species in 26 genera, belong-
ing to five families. Species accumulation curves did 
not show a stabilizing trend, indicating that the num-
ber of species would have increased if we had sampled 
more nights (Figure 1). Phyllostomidae was the most 
abundant and speciose family, with 81% of the total 
captures representing 27 species; followed by Vesper-
tilionidae (16%), Mormoopidae (3%), and Natalidae 
and Molossidae, which each represented < 1% of total 
captures. Sturnira hondurensis (n = 106) was the most 
commonly captured species, followed by Artibeus ja-
maicensis (102), Myotis pilosatibialis (74), Dermanu-
ra tolteca (70), and Glossophaga soricina (29), togeth-
er compromising 72% of total captures. Ten species 
(28% of all species) were captured once during the 
entire 2019 field season (Table 1).

Overall, the proportion of captured males and fe-
males was similar. Adults accounted for 77% of the 
captures. For those species with more than five cap-
tures (n = 15), the adult sex ratio (male: female) ranged 
from 3:1 (Bauerus dubiaquercus) to 1:3 (G. soricina). 
Palpably pregnant individuals were recorded 88 times 
for 20 species (71% of the species recorded) and ev-
idence of lactation was recorded in 35 females of 12 
species (Table 1). The proportion of pregnant females 
captured varied among species. Among the common-
ly captured bats, 68% of adult females of G. soricina 
were pregnant in the surveyed period, 59% of A. ja-
maicensis, but only 33% of S. hondurensis and 4% of 
M. pilosatibialis. 

Bat ectoparasites. Excluding bats that rep-
resented recaptures and bats that escaped or were 
released before processing for a variety of reasons, 
ectoparasites were recorded on 240 out of 521 
screened bats (overall prevalence 46%), represent-
ing 22 bat host species (Table 1). Parasite prevalence 
by bat species ranged from 8% in both Glossophaga 
commisarisi and Hylonycteris underwoodi to 91% 
in Pteronotus mesoamericanus. In general, the par-
asite prevalence between female and male bats was 
similar (females 48%, males 43%). However, males 
of G. soricina and D. tolteca had a higher parasite 
prevalence compared to females (Chi-squared test, 
G. soricina: x2 = 10.15, p = 0.001; D. tolteca: x2 = 
3.18, p = 0.007), whereas A. jamaicensis females had 
a higher prevalence than males (Chi-squared test, x2 
= 4.61, p = 0.032). Taking into account the age of the 
bats, juveniles had higher parasite prevalence com-
pared to adults (juveniles 57%, adults 42%; Chi-
squared test, x2 = 4,891, p = 0.027). The relationship 
between parasite prevalence and reproductive status 
was marginally significant (Chi-squared test, x2 = 5. 
95, p = 0.051), with reproductive adults having a de-
creased parasite prevalence (Bonferroni post hoc, p 
= 0.015) compared to non-reproductive juvenile and 
adult individuals.

Effect of human-induced forest 
clearings on bat assemblage and 
ectoparasite prevalence.

The comparison of bat assemblages between 
closed-canopy and human-induced forest clearing 
sites showed different patterns for lower versus up-
per montane forest sites. For sites in lower montane 
forest, the bat assemblages did not differ significant-
ly between habitat types (R2

anosim
 = 0.18, p = 0.153). 

The lower r value suggests that dissimilarities in 
mist-netting sites within recording stations were 
greater than between habitats. On the other hand, for 
upper montane forest sites, bat assemblages differed 
between closed-canopy and human-induced forest 
clearings (R2

anosim
 = 0.8, p = 0.002; Figure 3a–b). 

In terms of species diversity, the effect of hu-
man-induced forest clearings also showed different 
patterns between lower and upper montane forest 
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(Figure 3). The comparison of species richness (q0) 
showed that lower montane forest sites did not differ 
significantly between disturbance types. However, in 
upper montane forest, closed-canopy forest sites had 
significantly higher richness compared to sites with 
human-induced forest clearings (Figure 3c–d). Taking 
into account the relative abundance values of all species 
(Shannon diversity (q1)), species diversity showed sim-
ilar patterns. However, once the dominant species was 
accounted for (Simpson diversity (q2)), species diversi-
ty indices showed different patterns (Figure 3e–f). Bat 
assemblages were dominated by a smaller number of 
species in closed-canopy forest sites. Conversely, in up-
per montane forest sites, closed-canopy sites harbored 
a higher diversity of bats compared to forest clearings. 
Of the five most commonly captured bats at lower 
montane forest sites, S. hondurensis was significantly 
more abundant in human-induced clearings, whereas 
A. jamaicensis and D. tolteca were more abundant in 
closed-canopy forest. On the other hand, in upper mon-
tane sites, D. tolteca was only present in closed-canopy 
forest, whereas C. sowelli was more abundant in hu-
man-induced forest clearings habitats (Figure 2).

In general, upper montane sites had higher par-
asite prevalence compared to lower montane sites 
(Mann-Whitney U Test, U = 58, p = 0.016, Fig-
ure 4). Parasite prevalence did not differ between 
closed-canopy and human-induced forest clearings 
habitats in lower montane forest sites (Mann-Whitney 
U Test, U = 6, p = 0.685); but it did at upper montane 
forest sites, where human-induced forest clearings 
habitats had higher prevalence rates compared to those 
in closed canopy forest (Mann-Whitney U Test, U = 
17, p = 0.047), although this varied among bat species 
(Table 2). For example, prevalence of ectoparasites on 
M. pilosatibialis was higher in forest clearings (glm, 
p = 0.018). On the other hand, parasite prevalence for 
S. hondurensis (glm, p = 0.265) did not differ among 
habitats but did differ between ages (glm, p = 0.024), 
where juveniles had higher parasitism rate compared 
to adults. In lower montane sites, parasite prevalence 
in S. hondurensis was higher in closed-canopy forest 
habitats (glm, p = 0.038), but no such difference was 
observed for other common species such as A. jamai-
censis or G. soricina (glm, p = 0.72 and p = 0.06, re-
spectively).

Discussion
Cusuco National Park has been listed as the 123rd 
most irreplaceable protected area in the world (Le 
Saout et al., 2013). However, in recent years illegal 
logging within the park has intensified, impacting 
species populations and overall community com-
position (Hoskins et al., 2018; Martin et al., 2021). 
In a period of 44 survey nights, we recorded 61% 
of the known bat species in cnp (Medina-van Ber-
kum et al., 2020) and our results showed that bat 
assemblages were affected by anthropogenic for-
est clearance, particularly in upper montane forest 
sites. This pattern was also correlated with ectopar-
asite prevalence; sites within anthropogenic forest 
clearings had higher ectoparasite prevalence than 
closed-canopy forest sites, however the effect was 
also largely species-specific. 

Overall, parasite prevalence did not differ be-
tween sexes and among reproductive statuses. Prev-
alence did, however, vary among bat species, sug-
gesting species-specific preferences of ectoparasites 
(Hiller et al., 2020; Pilosof et al., 2012). We found 
variation in ectoparasite prevalence between sexes 
of three bat species: A. jamaicensis, D. tolteca, and 
G. soricina. High prevalence in female hosts (G. 
soricina and D. tolteca) might be due to the longer 
time that they tend to spend in their roost to provide 
maternal care (Esbérard et al., 2012; Patterson et 
al., 2008a), whereas high prevalence in males might 
be an ectoparasite dispersion strategy, as male bats 
will disperse to form new colonies (Bertola et al., 
2005). Prevalence may also be influenced by social 
behavior patterns and roosting habits of individual 
bat species. Patterson et al. (2007) found that bats 
roosting in more permanent structures had increased 
measures of parasitism (parasite prevalence, num-
ber of bat fly species per bat). 

Moreover, our results showed that juvenile indi-
viduals had higher prevalence of ectoparasites com-
pared to adults. This is consistent with the results 
of a preliminary study on bat ectoparasites in cnp 
(Stars, 2017), which found that 78% of the captured 
juveniles had ectoparasites compared to only 50% 
of adults. Higher parasite prevalence in juveniles is 
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Figure 1. Species accumulation curve of bats captured in Cusuco 
National Park, north-western Honduras, between June and August 
2019. The black curve indicates observed richness. Non- parametric 
species richness estimator values are shown in the green curve 
(Jackknife1) and yellow curve (Bootstrap) with 95% of confidence 
intervals. The black broken line represents the total number of 
bats species known for the park based on 15 years of survey effort 
(Medina-van Berkum et al., 2020).

Species
Recording stations at Cusuco National Park

GU CO BC DA CA Total EC

Phyllostomidae

Anoura geoffroyi (N)+ 0 0 4 0 0 4 Yes

Artibeus jamaicensis (F)* 88 14 5 1 0 108 Yes

Carollia sowelli (F)+ 7 7 6 5 0 25 Yes

Carollia subrufa (F) 1 0 1 0 0 2 Yes

Centurio senex (F)+ 1 0 0 0 0 1 No

Chiroderma salvini (F)* 2 0 0 0 0 2 Yes

Choeroniscus godmani (F) 0 0 1 0 0 1 No

Dermanura azteca (F) 3 0 2 0 0 5 Yes

Dermanura phaeotis (F)+ 2 0 2 0 0 4 No

Dermanura tolteca (F)*+ 31 5 29 0 1 72 Yes

Dermanura watsoni (F)*+ 3 1 3 0 1 8 Yes
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TABLE 1. List of bats species captured in Cusuco National Park, north-west Honduras
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Desmodus rotundus (S) 2 0 5 0 0 7 Yes

Diphylla ecaudata (S) 0 0 1 0 1 2 No

Enchisthenes hartii (F)*+ 3 3 1 0 0 7 Yes

Glossophaga commissarisi (N)* 6 2 3 2 0 13 Yes

Glossophaga leachii (N)* 3 0 1 0 0 4 Yes

Glossophaga soricina (N)* 14 12 3 0 0 29 Yes

Hylonycteris underwoodi (N)*+ 0 6 6 0 0 12 Yes

Micronycteris minuta (I) 0 1 0 0 0 1 No

Micronycteris schmidtorum (I) 0 0 1 0 0 1 No

Phyllostomus hastatus (O)*+ 0 0 2 0 0 2 No

Platyrrhinus helleri (F)* 1 0 0 0 0 1 No

Sturnira hondurensis (F)*+ 4 18 58 19 8 107 Yes

Sturnira parvidens (F)* 0 0 0 0 2 2 No

Trachops cirrhosus (C)* 0 1 0 1 0 2 Yes

Vampyressa thyone (F) 1 0 0 0 0 1 No

Vampyrodes major (F)* 7 0 5 0 0 12 Yes

Vespertilionidae

Bauerus dubiaquercus (I)* 3 0 5 0 0 8 Yes

Eptesicus brasiliensis (I)* 0 2 3 0 0 5 Yes

Eptesicus furinalis (I) 0 0 1 0 0 1 No

Lasiurus frantzii (I) 0 0 1 0 0 1 No

Myotis pilosatibialis (I)*+ 1 1 52 12 9 75 Yes

Molossidae

Molossus rufus (I)* 1 0 0 0 0 1 No
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Mormoopidae

Pteronotus davyi (I)+ 2 0 3 0 0 5 No

Pteronotus mesoamericanus (I)* 0 1 6 5 0 12 Yes

Natalidae

Natalus lanatus (I) 0 0 1 0 0 1 Yes

Captures 191 74 210 45 22 542

Species 21 14 28 7 6 36

Elevation m a.s.l. 1287 1400 1572 1591 1825

Unique species 5 1 0 8 1

Effort m2h 8,872 5,692 16,912 4,185 5,25 40,912

Capture rate 0.022 0.013 0.012 0.010 0.004 0.013

Recapture rate 13 (6.8%) 3 (4.1%) 21 (10%) 2 (4.4%) 3 (13.6%) 42 (7.7%)

Individuals with ectoparasites 80 27 96 27 10 240 

Table 1. List of bats species captured in Cusuco National Park, Honduras in June-July 2019, with information on captures 
per bat species (recaptures removed), camp elevation, survey effort, and recapture and parasitism rates per camp (GU 
= Guanales, CO = El Cortecito, BC = Base Camp, DA = El Danto, CA = Cantiles). EC indicates species from which 
ectoparasites were collected. Letters in parenthesis after each name indicates primary dietary guild as defined by Kalko 
et al. (1996) and Soriano (2000): C = carnivorous, F= frugivorous, I = insectivorous, N= nectivorous, S= sanguivorous. 
Underlined names represent species listed as Threatened (Hernández 2015, iucn 2020). An asterisk (*) indicates that 
pregnant females were captured and plus (+) indicates that lactating females were captured. 
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also reported in Mexican, Panamanian, and Venezu-
elan sites (Hiller et al., 2020; Patterson et al., 2008b; 
Tlapaya-Romero et al., 2015). This may be linked to 
several factors, such as stable roosts and a close re-
lationship between mother and offspring allowing for 
ample opportunities for parasite transmission events. 
In addition, young individuals have thinner skin, their 
immune system is still underdeveloped, and they are 
deficient in their grooming skills (Bertola et al., 2005; 
Dick & Patterson, 2007; Hiller et al., 2020).

The effect of small human-induced forest clearings 
on bat assemblages varied between elevations and this 
effect was species-specific. Whereas some studies have 
shown that deforestation has little or no effect on species 
richness (Meyer & Kalko, 2008; Ochoa, 2000), others 
have reported structural differences in the community and 
shifts in species dominance and ranks distribution (Clarke 
et al., 2005; Peters et al., 2006). Our results showed that 
in lower montane forest, species richness and Shannon di-
versity did not differ between habitats. However, Simpson 
diversity was significantly lower in closed-canopy forest, 
indicating that the bat assemblage was composed by one 
or a few dominant species. On the other hand, the effects 
of forest clearance were significantly stronger in upper 
montane forest, where human-induced forest clearings 
harbored few bat species and the assemblage was dom-
inated by one or a few species, compared to closed-can-
opy forest. This negative effect on bat diversity at higher 
elevations might be related to food availability constraints 
(Castaño et al., 2018; Soriano, 2000). 

In lower montane forest, our results showed an op-
posite trend compared to previous studies, which found 
that fragmented areas tend to harbor few species of bat 
with assemblages being characterized by a small num-
ber of dominant species (e.g.: Meyer & Kalko, 2008; 
Sampaio et al., 2003). The opposite pattern found in 
cnp might be related to the large number of A. jamai-
censis captures in closed-canopy sites. Despite being 
known as a species tolerant of human disturbance, in 
this study, A. jamaicensis was less abundant in forest 
clearings than in closed-canopy sites. This may be due 
to the fact that the forest clearings are still at an early 
successional stage, where transformation of the land 
has not yet provided enough fruiting resources. In com-
parison, a higher number of captures of A. jamaicensis 
has been reported in Buenos Aires, a village located at 

the buffer zone of the park (Estrada-Villegas et al., 
2007; Thompson & Vulinec, 2017), particularly in 
shaded coffee plantations. 

In addition to varied impacts on bat species re-
sulting from human-induced forest clearing, the ef-
fect on ectoparasites was similarly variable. While, in 
general, upper montane forest sites had higher para-
site prevalence rates compared to low montane forest 
sites, there was considerable variability in parasitism 
among bat host species and disturbance category 
within these altitude zones. In lower montane for-
ests, overall parasite prevalence did not vary between 
habitat types, although individual species showed dif-
fering prevalence rates. While other common species 
showed no difference in parasite prevalence, S. hon-
durensis showed a high prevalence in closed-canopy 
forest habitat. Conversely, in upper montane forest, 
higher overall prevalence was recorded in human-in-
duced forest clearings, especially for M. pilosati-
bialis. Bat behavior, availability of resources, and 
micro-climatic conditions of bat roosts are the funda-
mental factors that influence the changes in parasite 
prevalence and intensity (Hiller et al., 2020). Habitat 
alterations, such as forest clearance, affect both roost-
ing availability and resources and may have a posi-
tive effect on parasite prevalence by increasing roost 
crowding. The highly variable levels of parasite prev-
alence among habitat types, species, and altitudes at 
cnp reflects the findings of Brearley et al. (2013), who 
found that the relationships between wildlife diseases 
and human-modified landscapes are rarely consistent, 
and particularly so in rural agricultural landscapes. 

Deforestation in cnp has accelerated rapidly in 
recent years (Martin et al., 2021), which puts its bat 
communities in danger (Hernández, 2015). This is 
especially so at higher elevations, where species are 
more limited in their food resources (Castaño et al., 
2018). While the presence of a certain species does 
not necessarily imply population stability, it does 
suggest some tolerance of anthropogenic forest 
clearance. However, this is strongly influenced by 
the landscape matrix (Silva et al., 2020). All forest 
clearing sites surveyed in this study were surround-
ed by closed-canopy forest, creating an edge effect, 
where bats could still use the resources of this for-
est. However, declines in species richness in forest 
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Figure 2 Relative abundance and proportion of 
parasitism prevalence in the eight most abundant bat 
species captured in Cusuco National Park during the 
summer of 2019. CC indicates closed canopy sites, 
and FC indicates human-induced forest clearings. 
Empty spaces indicate that the species was not 
captured in the specific camp during the surveyed 
period. Bat species: Arjam: Artibeus jamaicensis, 
Badub: Bauerus dubiaquercus, Casow: Carollia 
sowelli, Detol: Dermanura tolteca, Glsor: Glossophaga 
soricina, Mypil: Myotis pilosatibialis, Ptmes: Pteronotus 
mesoamericanus and Sthon: Sturnira hondurensis.

Figure 3 Results of Nonmetric Multidimensional Scaling 
analyses using Bray–Curtis similarity, sample coverage 
and Hill numbers diversity (q1 and q2) comparing bat 
assemblages within Cusuco National Park, north-western 
Honduras. Bat assemblages at lower montane (left) and upper 
montane forest (right) were compared in closed-canopy 
(green symbols) and human-induced forest clearings (yellow 
symbols) sites. Stress numbers indicate the match between 
inter object distance (sites) and dissimilarity. The lower the 
stress value, the better the match. All extrapolation curves 
of the Hill numbers were plotted to a doubling in sample 
size, and 500 bootstrap replicates were used to estimate 95% 
confidence intervals.
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Figure 4 Parasitism proportion in closed canopy and 
human-induced forest clearing habitats in Cusuco 
National Park, north-western Honduras. Proportion 
(Median, 1st and 3rd quartiles, SD) of bats with 
ectoparasites in lower and upper montane forest. 
Differences between habitat and vegetation type were 
tested with Mann-Whitney U test. P values < 0.05 
indicate significant differences.

LMF Artibeus jamaicensis Sturnira hondurensis Glossophaga soricina

Predictors OR Z p OR Z p OR Z p

Habitat 1.30 0.36 0.720 0.05 -2.07 0.038≠ 0.17 -1.83 0.067

Sex 0.33 -2.02 0.043♀ 0.73 -0.31 0.755 2.05 0.67 0.504

Age 2.03 1.05 0.293 3.44 0.96 0.337 5.35 1.42 0.155

UMF Myotis pilosatibialis Sturnira hondurensis Carollia sowelli

Predictors OR Z p OR Z p OR Z p

Habitat 0.08 -2.36 0.018≠ 0.53 -1.12 0.265 1.13 0.07 0.941

Sex 0.62 -0.92 0.357 0.51 -1.40 0.163 N/Aa

Age 0.62 -0.61 0.543 3.35 2.25 0.024¥ 0.84 -0.10 0.921

TABLE 2. Summary of generalized linear models with binomial logistic regression 
of parasitism prevalence within the five most common bat species captured in Cusuco 
National Park, Honduras

Table 2. Summary of generalized linear models with binomial logistic regression of parasitism prevalence within the five most 
common bat species captured in Cusuco National Park, Honduras. Effect of degree of deforestation, sex, and age on parasite 
prevalence in lower montane forest (lmf) and at upper montane forest (upm). Odd ratios (or), z and p values per species and 
predictors are shown. Symbols indicate a higher prevalence in human-induced forest clearing (≠), females (♀), and juveniles (¥).

a Only male C. sowelli individuals were captured. 
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edge habitats have been linked to habitat avoidance 
by animalivorous bats, because of flight constraints or 
increase of predation risk (Meyer & Kalko, 2008; Ro-
cha et al., 2017). Moreover, the effect of forest clear-
ings largely depends on their size and successional 
stage. In this study, the studied forest clearings were 
less than five years old, and the response of bat as-
semblages and their relationship with ectoparasites to 
deforestation might change over time, depending on 
the land use or the regeneration rate of these habitats. 
Longer-term studies of logging impacts are therefore 
necessary to determine these impacts more thorough-
ly. Although the analyses were corrected by sampling 
effort, it is worth mentioning that the biases of sam-
pling effort might still have affected the results of bat 
diversity estimates, increasing the potential of a type 
III error. Increasing survey effort not only increases 
the capture rate, but also the possibility of capturing 
rare species. Moreover, sites with human-induced 
clearings might reduce the efficiency of mist-nettings, 
since mist nets are more effective in locations with 
dense vegetation-containing corridors (Duffy et al., 
2000; Hourigan et al., 2008).

In summary, the results of this study suggest that 
the effect of forest clearance varies with elevation and 
bat species. Forest clearings in high-altitude forests may 
have severe impacts on bat communities, not only reduc-
ing their diversity, but also increasing susceptibility to 
parasite infection. In order to gain a better understand-
ing of the complex underlying mechanisms involved in 
the responses of bat assemblages and their ectoparasites 
to deforestation, long-term studies are required. Further 
research into this system should use complementary 
sampling methods and include environmental and dis-
turbance variables across spatial and temporal changes 
(Rocha et al., 2018), as well as include effects of food 
resources and physiological constraints on bat commu-
nities and their parasites (Meyer et al., 2016). More-
over, further research needs to employ quantitative and 
multi-parameter approaches to evaluate the effect of 
human-induced forest clearings on taxonomic diversity, 
functional guild, behavior, immune systems, interactions 
with other organisms, and ecosystem services. There is 
an increasing concern about the ongoing loss of biodi-
versity in cloud forests and a better understanding of 
these pressure-response functions might provide tools to 

integrate the challenge of embracing socio-ecological 
systems in conservation programs in Mesoamerica.
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