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The cave’s physical environment can be affected by tourism activities but only a few studies
evaluated how recreational use may affect the cave fauna, mainly in caves with a low number
of visitors per year. To test the hypothesis that recreational use led to changes in habitat
structure and invertebrate diversity, distinct scales along a cave were analyzed. Distinct areas
with and without human visitation were analyzed and transects (10 x 3 m) and quadrats (1 x
1 m) were used to access the invertebrate communities and environmental traits. Thirty-two
invertebrate species were recorded, among which six are troglobitic. The similarity of non-
troglobitic species differed between the visited and non-visited areas. Substrate composition
inside transects differed between the two areas and the differences were higher in the
percentage of matrix rock and fine sediments. The distance from the entrance influenced
the similarity of non-troglobitic species while troglobitic fauna responded to the proportion
of sandy sediment. Inside quadrats, both matrix rock and fine sediments influenced the
similarity of non-troglobitic species. Similarity of non-troglobitic species in the visited area
was explained by the proportion of matrix rock in transects and quadrats. The proportion of
cobbles influenced the similarity of non-troglobitic species in quadrats in the non-visited area.
The non-troglobitic species richness inside quadrants was positively related to the amount of
guano, wood, fine sediment, boulders, cobbles, matrix rock, sand sediment, and plant debris.
Differentiation in habitat structure and faunal composition between the two areas seems to
be an effect of distance from the entrance and spatial heterogeneity, but not recreational
activities.
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INTRODUCTION

Among the several human activities carried out in
caves, recreational and religious tourism has been
recurrent all over the world. Such activities, however,
vary on the types of use, the number of visitors,
accessed areas, and the type of pathways to accessing
the caves (Var, 2004; Romero, 2009; Wilson, 2019;
Pellegrini & Ferreira, 2016).

However, the tourist use of caves can promote changes
in both their physical and environmental conditions
due to the installation of structures that allow or
facilitate the access of visitors (walkways, lighting,
stairs, elevators, trails), as well as due to the traffic
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of people (Slaney & Weinstein, 1997; Bocic¢ et al., 2006;
Osborne, 2019). Among the real and potential impacts
arising from these activities, there is the deposition of
garbage, fauna trampling, changes in temperature and
humidity conditions, changes in the availability of food
resources, introduction of exotic species, contamination,
and changes in physical-chemical characteristics of
the floor in both terrestrial and aquatic environments
(Bunting & Balks, 2001; Eberhard, 2001; Pacheco et
al., 2020). Thus, the practice of cave tourism, is among
the main concerns of cave conservationists, who seek to
understand how tourist use is affecting subterranean
ecosystems (Culver & Sket, 2002; Pellegrini & Ferreira,
2016; Mammola et al., 2020).
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Most of the touristic caves are altered not only due
to the excessive number of visitors but also due to
the lack of prior planning regarding the installation
of infrastructure, the definition of visiting routes, and
the ascertainment of the carrying capacity of the cave
(Hamilton-Smith, 2004; Boci¢ et al., 2006; Romero,
2009; Pellegrini & Ferreira, 2016). However, although
some impacts on the cave floor cannot be avoided,
due to the need for access adjustments for visitors,
adequate management practices, such as route
marking, and definition of pathway limits can prevent
the impacts to become diffuse in many areas of the
cave essential for cave fauna conservation (Pellegrini
& Ferreira, 2012, 2016; Pacheco et al., 2020), thus
reducing damage not only to the physical habitat but
also to the fauna (Bunting & Balks, 2001; Bocic et al.,
2006; Faille et al., 2015; Pellegrini & Ferreira, 2016).

Studies on the effects of impacts resulting from
tourism use on cave fauna are scarce, and most
still require detailed comparative assessments and
experimental approaches (Eberhard, 2001; Culver
& Sket, 2002; Pellegrini & Ferreira, 2012, 2016;
Pacheco et al., 2020). In addition, most of these
studies are carried out in caves that receive a high
number of visitors per year, and the impact of this
activity in caves with light tourism is unknown. Even
though, such studies are of paramount importance,
as they can help in minimizing the effects of human
alterations, by providing useful information for
ecological zoning and definition of routes and visitation
limits, thus avoiding more severe impacts on the cave
communities (Hamilton-Smith, 2004; Pellegrini &
Ferreira, 2012, 2016; Pacheco et al., 2020).

Accordingly, variables describing the physical,
trophic and microclimatic components in the cave
substrates were used, along with the composition
and richness of invertebrates communities to test two
hypotheses: i) human visitation, even if low, promotes
changes in the structure of the habitat on the floor,
affecting the composition and richness of troglobitic and
non-troglobic species., and ii) the distribution of troglobitic
species would be restricted to the area not visited by
humans, due to the lower intensity of disturbances.

MATERIAL AND METHODS

Study area

Umajalanta Cave comprises the biggest known cave
in Bolivia, having 4,600 m of linear projection. It is
developed in limestone rocks and its entrance is located
at 2,830 m above sealevel, in the Torotoro National Park
(18,1145S/65,8116W), a conservation unit of integral
protection in the north of the department of Potosi, in
the province of Charcas (Guyot et al., 1997) (Fig. 1A-C).
The average annual rainfall is 850 mm, with a very dry
climate during half of the year (November to March).
The average annual temperature is 16.3°C (Garreaud,
2009). Photos and maps of the cave can be seen in
Guyot et al. (1997) (https://cuevasdelperu.org/bolivia-
potosi-charcas/caverna-umajalanta/).

The cave has a wide conduit that develops in the
first 300 meters from the entrance, with a floor
covered with rock blocks of varying sizes (Guyot et al.,

1997). Subsequently, this conduit presents a significant
reduction in both its height and width, is also connected
to an upper conduit, which develops in parallel to the
main chamber where the drainage flows (Figs 1D-F and
2A). Both conduits connect again around 700 meters
from the entrance in a chamber known as “Lago de la
Cachuela” (Cachuela Lake). Visitors (approximately
1,500 people/year) usually make a “ring” path along
the visited area of the cave, initially accessing the upper
gallery located to the right of the cave's main conduit,
until reaching the “Cachuela Lake” and then returning
towards the entrance through the main conduit (Fig. 2A).
Visits to the cave are usually guided, on a route that
does not include stretches with water. The paths have
few adaptations to assist visitors there's no artificial
lighting, no walkways, just one point with stairs and
other with ropes (Supplementary Fig. S1) (Guyot et
al., 1997; Zuniga & Pouilly, 2009). The approximate
visitation time is two hours. Umajalanta Cave has only
two formally described cave restricted species, the fish
Trichomycterus chaberti Durand, 1968 and the carabid
beetle Escolatrechus bolivianus Mateu, 2002, although
there are many discussions on the real status of the fish.

Sampling design

Once the main impacts in recreational cave are
observed in the floor (Bunting & Balks, 2001); to assess
the habitat traits and the richness and composition
of the invertebrate communities, eleven transects
(3 x 10 m) herein are considered as “mesoscale” and 33
quadrats (1 x 1 m) herein considered as “microscale”
were distributed along the cave floor (Fig. 1G).
The non-visited and visited areas were considered
“macroscales”. Quadrats and transects were arranged
on the cave floor starting from 200 meters from the
entrance to deeper regions, six located in the visited
area and five in non-visited area (Fig. 2A, B). The
distances of the quadrats and transects concerning the
cave entrance were measured with a laser measuring
tape (as well as the distances between them). Three
quadrats were placed inside each transect, two at the
extremities and one in the median portion (Fig. 2B).
Each quadrant presents 10 x 10 cm subunits, which
enable the substrate structure assessment (Souza-
Silva et al., 2021). The collection of biotic and abiotic
data was performed in a single sampling event, in
November 2017.

Invertebrate sampling

The invertebrate sampling was carried out in the
transects and quadrats separately using the direct
intuitive search - DIS (Wynne et al., 2019; Souza-
Silva et al., 2021), and active collection with the aid
of forceps and brushes moistened with 70% alcohol.
Sampling was conducted, in both transects and
quadrats, by a team of two biologists with experience
in caving and manual collection of invertebrates. The
time spent in quadrats and transects was variable.
All invertebrate specimens were collected and kept in
vials containing 70% alcohol for later identification
and separation into morphotypes (Oliver & Beattie,
1996). Experts reviewed species from the orders
Coleoptera, Isopoda, and Acari.

International Journal of Speleology, 51 (2), 93-103. Tampa, FL (USA) May 2022


https://digitalcommons.usf.edu/ijs/vol51/iss2/2/

Recreational caving impacts on a Bolivian cave 95

Fig. 1. Umajalanta Cave location at Cochabamba region (A), National
Park of Torotoro, Bolivia (B and C). Umajalanta Cave entrance (D).
Non-visited area (E) and visited area (F) and Sampling methods (G).
The yellow arrow in B indicates the cave entrance position.

Potentially troglobitic species were determined
through the identification of troglomorphic traits,
which comprise morphological changes wusually
associated with the evolution in subterranean
environments. The troglomorphisms frequently
observed were the reduction or absence of ocular
structures and pigmentation, as well as the elongation
of sensory and locomotor appendages (Culver & Pipan,
2009). The invertebrates collected are deposited in the
Lavras Subterranean Invertebrate Collection (ISLA),
linked to the Center of Studies on Subterranean
Biology at the Federal University of Lavras, Minas
Gerais, Brazil (biologiaubterranea.com.br).

Habitat structure survey at different scales

The habitat structure was determined by visual
inspection and quantification of the surface area
occupied by each organic and inorganic substrate
within the transects and quadrats (Wentworth, 1922,
Souza-Silvaetal.,2021). For doing such, transects were
lengthwise divided into ten perpendicular sections of
one meter by three meters. In each of the ten sections,
the percentages of the area occupied by different
types of substrates, both organic and inorganic, were
measured (Pacheco et al., 2020; Souza-Silva et al.,
2021) (Fig. 2, Supplementary Table S1). Subsequently,
to obtain a single value for each substrate in the whole
transect, the values for each section were summed
and divided by 100. In the quadrats, substrate types

were evaluated using photographs (Supplementary
Table S2). Digital photographs (4000 x 3000 pixels)
were taken in the field in a vertical position (camera
positioned at 90° relative to the cave floor) using the
Canon Powershot SX50, HS. Subsequently, the images
were analyzed in the laboratory using the ImageJ
software (Rasband, 1997), in which the substrates were
measured according to the area their occupied (Pacheco
et al., 2020). Temperature and humidity measurements
were taken in each transect, with the aid of a digital
thermohygrometer (accuracy + 1°C for temperature and
5% for relative humidity), placed on the floor for at
least fifteen minutes.
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Fig. 2. An infographic showing the sampling stations (A) in visited

(06 to 11, except 7) and non-visited areas (1 to 4 and 7) inside

Umajalanta Cave. Schematic diagram of biotic and abiotic data
sampling (B) at the cave floor using transects as standardized areas.

Data analysis

Invertebrates abundance and richness were
obtained by counting individuals and morphotypes
of each sample unit (11 transects and 33 quadrats,
however, 5 of the 33 did not present fauna).

Differences in richness between visited and non-
visited areas (macro-scale) were assessed using a
one-way ANOVA non-parametric test (Kruskal-Wallis)
(Gallucci, 2019). To assess the differences in the
community composition between the visited and non-
visited areas, a permutational analysis of variance
(PERMANOVA) with 999 permutations was performed
using the Bray-Curtis Similarity index (Anderson et al.,
2008). A distance-based test for similarity homogeneity
of multivariate dispersions from a centroid (PERMDISP)
was used to obtain measures of the dispersion between
visited and non-visited areas (Anderson et al., 2008).

The total community B-diversity was obtained with
the beta function from the BAT package in R software
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(R Core Team, 2019) (Cardoso et al., 2015). We also
partionate the p-diversity (Btotal) in replacement
(Brepl) and richness difference (Brich) inside visited
and non-visited areas. The Brepl is related to species
replacement, while Brich is related to the species loss
or gain between sample stations (Legendre, 2014).

The number of undetected species (the extrapolated
richness for the transects dataset) was calculated
using a non-parametric richness estimator (Jackknife
1). The level of ‘completeness’ of the sampling effort
was achieved by dividing the observed number of taxa
by the projected values calculated by Jackknife 1
estimator (Avila et al., 2019).

Finally, we presented a representation of the
troglobitic species according to the spatial distribution
along the cave, in a shaded plot. The species
composition has been re-ordered in cluster analysis
using Whittaker’s Index of Association (Clarke et al.,
2014). The sample units were grouped with a cluster
analysis utilizing the Bray-Curtis similarity index, by
clustering of average similarity.

The influence of substrate traits and human
visitation on the composition (Bray-Curtis similarity)
of the invertebrate communities along the cave
was evaluated using a linear distance-based model
(DistLM), using the Forward step-wise method and
the Akaike model selection criterion corrected for
small samples (AICc) (Anderson et al. 2008). The
distance-based redundancy analysis (dbRDA) was
subsequently used to assess the percentage of data
that fit the model together with the proportion of
explanation of the data variation (Clarke & Gorley,
2006). These analyzes were carried out independently
for transects and quadrats and non-troglobitic and
troglobitic fauna. The variables included were species
composition and richness as response variables and
tourism, elements of the substrate, temperature,
humidity, and distance from the entrance as predictive
variables. The temperature and humidity variables
were not used in the analysis of the quadrats. A
Similarity Profile (SIMPROF) cluster analysis was
performed to objectively define the groups within the
dbRDA graphic plot.

Linear models (GLM e GLMM) were performed to
predict the influence of abiotic variables on the species
richness using transects (GLM) and quadrats (GLMM)
as sample units. The correlation between predictor
variables guano (GUA), wood (WOO), fine sediment
(SEF: 0.002 to 0.05 mm), Sand (SAND: 0.05 to 2 mm),
boulders (CB: 64 to 250 mm), cobbles (SB: 250 to
500 mm), matrix rock (RCM >4000 mm), plant debris
(DBR), distance from the entrance (DTE), temperature
(TEM), humidity (UMI) and tourism (T), were tested
using Spearman's correlation, from the Performance
Analytics package in R software (R Core Team 2019).
Variables with high correlation values (rho > +0.60)
(Zuur et al., 2010), were excluded from the model. The
model used was with lesser Residual Deviance. After
selection, species richness was used as the response
variable, and wood, matrix rock, sand, plant debris,
humidity, and tourism as fixed variables. In GLM, a
quasipoisson distribution with logistic link function
was applied to the response variable, derived from

count data, since these data showed high dispersion
for the Poisson error distribution. For the GLMM, a
negative binomial error distribution was applied with
a logistic link function for the response variable.

A permutational analysis of variance (PERMANOVA)
with 999 permutations based on Euclidean distance
was used to identify differences in the substrate
composition between visited and non-visited areas
(macro-scale) using transects (mesoscale) and
quadrats (micro-scale) as sample units (Anderson
et al., 2008). The differences in the amount of floor
substrates composition, both for transects and
quadrats in the visited and non-visited areas were
evaluated using a one-way ANOVA non-parametric
test (Kruskal-Wallis) (Gallucci, 2019). Kruskal-Wallis
test and histogram density plots were built using
the Jamovi free statistics program (2020). All the
significance was evaluated at p <0.05.

RESULTS

Microhabitat structure on the cave floor

The substrates occurring on the cave were guano,
woods, plant debris, fine clay sediment (SEF), sand
sediment, boulders, cobbles, and matrix rock. The
substrate components measured for the transects
and quadrats from the visited and non-visited areas
are shown in Supplementary Tables S1 and S2. SEF
was the predominant component of the non-visited
area floor and RCM in the visited area. Substrate
compositioninside transects differed between the visited
and non-visited areas of the cave (F. . yaova = 2-89,
P =0.006). Significant differences were also observed in
the amount of RCM (KW-H (1; 11) =7.53, p = 0.006) and
SEF (KW-H (1; 11) = 6.533, p = 0.011) inside transects
among visited and non-visited areas (Fig. 3A, B).

Substrate composition inside quadrats differed
(Fogrmanova = 4.94, P = 0.001) between the visited
and non-visited areas of the cave. For the quadrats,
only the amount of RCM (KW-H (1; 28) = 9.032,
p = 0.003) differed significantly between visited and
non-visited areas.

Composition and richness of invertebrate
communities

A total of 510 invertebrate specimens were found,
distributed in at least 23 families and 32 species
(Fig. 4A; Supplementary Tables S3-S6). In the
transects, 32 species were observed, while in the
quadrats 21 species were found. The richest orders
in the transects were Coleoptera (7 spp.), Diptera (6
spp.), and Araneae (5 spp.), while in the quadrats the
richest were Coleoptera (5 spp.), Araneae, Diptera, and
Collembola (3 spp. each) (Supplementary Table S3).

Six species with troglomorphic traits belonging
to Coleoptera (3 spp.), Acari (1 sp.), Collembola (1
sp.), and Dubioniscidae (1 sp.) were found. Some of
these species are shown in Figure 5 along with the
troglomorphic Siluriformes Trichomycterus chaberti.
Such species were observed in both the visited and
non-visited areas of the cave (Figs 4B and 5). However,
only seven quadrats had troglobitic species and only
Dubioniscidae was not collected inside the quadrats.
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Among the troglomorphic invertebrates, the only
described species is Escolatrechus bolivianus Mateu,

2002 (Coleoptera: Carabidae: Trechinae).
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Fig. 5. The fish (A) and some invertebrates (B, C, D) species
with troglomorphic traits were observed in Umajalanta Cave.
Four specimens of Trichomycterus chaberti (A; scale bar: 1 cm),
Escolatrechus bolivianus (B), Dubioniscidae sp1 (C), and Hamotus
sp1 (D). For B, C and D the scale bars are 1 mm.

In the visited area, 29 species and 253 individuals
were observed, being Coleoptera (6 spp.), Diptera
(6 spp.), and Araneae (S spp.), the richest taxa.
All the species six with troglomorphic traits were
recorded in the visited area. In the non-visited area,
21 species and 257 individuals were found, with the
richest orders being Araneae (5 spp.), Coleoptera
(5 spp.), and Diptera (3 spp.). Four species with
troglomorphic traits were recorded on the non-visited
area (Hamotus spl, Carabidae spl, Rhagidiidae spl,
and Entomobryomorpha sp2).

Species composition inside transects (F, . .vov = 3-08, P
= 0.001) and quadrats (F, o = 3-13, P = 0.002)
differed only for non-troglobitic species between the
visited and non-visited areas of the cave. Furthermore,
it was observed a greater dispersion in the fauna
similarity on the visited area - T (average = 49.575,
standard errors = 2.238) in relation to the non-visited
area - NT (average = 31.254, standard errors = 3.238)
(groups (NT, T); t = 4.3208, P (permidisp) = 0.003). The
higher turnover (Btotal = 0.90) in the visited area, had a
greater contribution of nesting (Brich = 0.48) (Fig. 3C).

The average richness inside the transects corresponded
to 9 species in the visited area (sd = 3.9), and 10 species
in the non-visited area (sd = 1.8), but no significant
differences were observed among such areas. Although
the average richness inside quadrats was higher in the
non-visited area 3 spp. (sd = 1.6) compared to the visited
area 2.24 spp. (sd = 1.2), also no significant differences
were observed. The estimated richness suggests that the
sampling effort achieved adequate levels of completeness
since the observed richness corresponded to over 74%
of the estimated richness.

Influence of habitat traits on fauna composition
and richness inside transects

Considering the eleven transects evaluated
throughout the cave, the distance from the entrance
was the main component that influenced variations
in non-troglobitic species composition (AICc = 89.15,
R2=0.26, p =0.001) (Table 1). All variables used in the
DistLm model explained 53.2% of the total variation
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observed in the composition of non-troglobitic fauna
inside the transects (Fig. 6A). On the other hand, the
composition of the troglobitic fauna responded to the
amount of SAND (AICc = 91.855, R? = 0.26, p = 0.01).
All variables used in the DistLm model explained
69.8% of the total variation in the composition of
the troglobitic fauna. The amount of RCM was the
component that best explained the variation in the

non-troglobitic species composition in those six
transects located in the visited area (AICc = 51.429,
R? =0.42, p = 0.04) (Table 1).

On the other hand, none of the substrate components
explain variation on composition and richness of
non-troglobitic fauna as well as the composition and
richness of troglobitic species inside the non-visited
area (Supplementary Table 7).

Table 1. Predictor variables of the species composition of troglobite (tb) and non-troglobite (ntb) fauna in the visited area and non-visited area of
Umajalanta Cave, Torotoro, Bolivia. Distance from the entrance (DTE), fine sediment (SEF: 0.002—-0.05 mm), Sand sediment (SAND: 0.05-2 mm),

cobbles (SB: 250-500 mm), matrix rock (RCM).

Scale N Area Predictor Response AlICc R? P Group
Transects 11 both DTE Composition 89.15 0.26 0.001 ntb
Transects 11 both SAND Composition 91.855 0.26 0.01 tb
Quadrats 28 both RCM + SEF Composition 230.76 0.24 0.001 ntb
Quadrats 14 visited area RCM Composition 116.72 0.23 0.003 ntb
Quadrats 15 | non-visited area SB Composition 113.41 0.25 0.006 ntb
Transects 6 visited area RCM Composition 51.43 0.42 0.004 ntb

Influence of habitat traits on fauna composition
and richness inside quadrats

Considering the 28 quadrats, the amount of RCM
and SEF explained variations on non-troglobitic

species composition (AICc = 230.76, R?> = 0.24, p =
0.001) along with the cave. Figure 6B shows that all
the sampled variables explained 32% of the species
composition variation inside quadrats.
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Fig. 6. Distance-based redundancy analysis (dbRDA) showing the influences of the environmental variables on invertebrate cave fauna composition
in visited area (VA) and non-visited area (NVA) of Umajalanta Cave, using quadrats (A) and transects (B) as sample units. Numbers from 1 to 11

refer to sample stations. Guano (GUA), woods (WOO), plant debris (DBR), fine sediment (SEF: 0.002-0.05 mm), Sand sediment (SAND: 0.05-2 mm),
boulders (CB: 64—250 mm), cobbles (SB: 250-500 mm), matrix rock (RCM), distance from the entrance in meters (DTE), the temperature (TEM) in

°C, and the moisture in percentage (UMI).
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The quadrats placed at the visited area (sampling
stations 5, 6, 8, 9, 10, and 11), revealed that the
amount of RCM (AICc = 116.72, R? = 0.23, p = 0.003)
explained the variation on non-troglobitic species
composition. On the other hand, for the quadrats placed
on the non-visited area (sampling stations 1, 2, 3, 4, 7),
the amount of SB (AICc = 113.41, R? = 0.25, p = 0.006)
explained variation on non-troglobitic species composition.

The richness of non-troglobitic species responded
positively to the amount of GUA, WOO, SEF,
CB, SB, RCM, SAND, and DBR inside quadrants
(Supplementary Table 8, Table 2). The influence
of substrate components on the composition and
richness of troglobitic was not performed inside
quadrats because the number of samples was very
low (only seven quadrats with troglobitic species).

Table 2. Generalized linear mixed model (GLMM) results showing predictor variables of the non-troglobitic
species richness between visited area and non-visited area of quadrats (microscale) of Umajalanta Cave,
Torotoro, Bolivia. Abbreviations are identical with those in Figure 6. Significance codes: “*** 0.001, *** 0.01

“*0.05.
5;:?:;::: Estimate Std. error z value Pr(>|z])
(Intercept) -1.22E+04 8.54E+02 -14.242 <2e-16 ***
GUA 2.04E+03 8.75E+02 2.333 0.019625*
WOO 2.30E+02 9.25E+01 2.486 0.012902*
SEF 1.16E+02 2.81E+01 4.118 3.82e-05***
CB 1.36E+02 3.23E+01 4.217 2.47e-05%**
SB 1.20E+02 3.03E+01 3.942 8.08e-05***
RCM 1.09E+02 2.89E+01 3.778 0.000158%**
SAND 1.11E+02 2.69E+01 4.130 3.62e-05***
DBR 1.32E+02 4.68E+01 2.811 0.004946**
DTE 9.65E-01 1.29E+00 0.749 0.453591
TEM 1.32E+02 1.27E+02 1.039 0.298822
UMI -2.12E+01 4.25E+01 -0.499 0.617644
DISCUSSION the entrance and habitat differentiation, but not

Although the interactions between cave species
and habitat components at meso and macro scales
are still poorly studied, conservationists need to
understand the roles of these environmental factors in
determining the structure of communities to help in
management actions (Culver & Sket, 2002; Mammola
et al.,, 2019; Mammola et al., 2020; Nicolosi et al.,
2021). In caves with human visitation, it should be a
constant concern not to alter microhabitats essential
for the maintenance of the fauna, especially in caves
with endemic and vulnerable species (Elliot, 2004;
Pacheco et al., 2020; Nicolosi et al., 2021).

The results revealed that the visited area presented
more heterogeneous habitats as well as a more distinct
composition of non-troglobitic species when compared
to the non-visited area. Despite the influence of the
distance from the entrance, the predominance of
matrix rock (RCM) in the visited area and of fine clayey
sediment (SEF) in the non-visited area determined
variations in the fauna composition. On the other hand,
the richness of the non-troglobitic fauna responded to
the amount of guano, wood, fine sediment, boulders,
cobbles, matrix rock, sand sediment e plant debris.
Furthermore, unlike our second hypothesis, although
the troglobitic species were distributed throughout
the entire cave, all species were found in the visited
area (Fig. 7), while only 67% were observed in the non-
visited area.

The distinction in habitat structure and non-
troglobitic fauna composition between the two
studied areas seems to be an effect of distance from

influenced by human visitation. The apparent neutral
effect of visitation on non-troglobitic fauna can
probably be a consequence of a reduced number of
persons and the predominance of primary matrix rock
and speleothems on the floor of the visited area.

Dubioniscidae sp1 -

Escolatrechus bolivianus

Area
A NVA
v VA

< 100
< 200
» 380
< 270
<« 290
» 754
» 562
» 654
» 470
<176
<470

Rhagidiidae sp1
Hamotus sp1

Carabidae sp1

Entomobryomorpha sp2

Fig. 7. Distribution and total abundance (0 to 8) of the six arthropods
species with troglomorphic traits at the floor of visited area (VA) and
non-visited areas (NVA) in Umajalanta Cave, Bolivia. The sample
units were grouped with a cluster utilizing the Bray-Curtis average
similarity (displayed up). Numbers from 70 to 754 represent the
distance from the entrance (m). The species list was grouped with

a cluster utilizing Whittaker’s Index of Association (displayed left).

A low number of visitors can produce few damages
on the hard substrate, especially when it is more
consolidated, being more resistant to erosive
alterations. On the other hand, such poor substrates
regarding the diversity of microhabitats, prevent (or
reduce) the faunal colonization when compared to
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clastic and organic sediments. A similar situation of
neutral impacts of tourist use on invertebrates was
found by Faile et al. (2015) and Nicolosi et al. (2021).
Faile et al. (2015) showed that a chamber with huge
size at La Verna cave (in France) can prevent changes
in microclimate conditions, because of the movement
of visitors, and the presence of very large boulders and
cracks can offer plenty of protected spaces, allowing
18 troglobitic invertebrates species to escape of direct
human disturbance and illumination. Nicolosi et
al. (2021) argued that the number of visitors in the
Monello Cave (Italy) did not affect the abundance
and distribution of Armadillidium lagrecai (Isopoda)
because they prefer areas more climatically stable
inside the cave with the warm temperature and high
humidity.

Furthermore, the presence of all observed troglobitic
species in the visited area can eventually indicate a
neutral effect of tourism on the fauna, as this activity
can be low in this cave. However, this situation
must be considered with caution, since visitors can
deposit organic resources, cause physical changes
in the substrate and trample on fauna, among other
impacts (Pellegrini & Ferreira, 2012; Pacheco et al.,
2020). Pellegrini and Ferreira (2012) evaluated on a
mesoscale (3 x 15 m transects), the effect of mass
religious tourism (50 thousand people in three
days) in Lapa Nova Cave (Brazil), and detected that
invertebrates migrate to distant locations from the
visited areas as a result of the intense tourism. These
authors emphasized that non-visited areas could act
as refuges for fauna due to the tourist changes in the
cave (agglomeration of people and trampling). Due to
the low number of visitors, this situation, however,
was not observed in Umajalanta Cave.

Within the quadrants, the greater richness of
non-troglobitic species associated with the amount
of guano, wood, fine sediment, boulders, cobbles,
matrix rock, sand sediment, and plant debris, may
result from habitat heterogeneity related to the
trophic and physical components on the cave floor.
For instance, Pacheco et al. (2020a) showed, for
caves in Guatemala, that non-troglobitic invertebrate
species responded to the presence of guano, cobbles,
boulders, and substrate heterogeneity. In that case,
a variety of trophic and physical substrates provided
suitable habitats for the invertebrates, thus causing
an important increase in both species richness
and composition. Usually, a high richness of non-
troglobitic invertebrate species in tropical caves can
be attributed to the presence of guano piles, plant
debris, and habitat diversity (Schneider et al., 2011;
Souza-Silva et al., 2011; Ladle et al., 2012; Ferreira,
2019; Pacheco et al., 2020, 2020a).

Specific environmental conditions and resources
occur, within the caves, in patches that can vary in
space and time (Eberhard, 2001; Mammola et al.,
2015; Pacheco et al., 2020). Such “patches” usually
limit the distribution of cave species to mosaics of
distinct habitats (Novak et al., 2012; Kozel et al.,
2019, Souza-Silva et al., 2021). The positive, negative,
or neutral influence of these “patches of conditions
and resources” on biological communities may

depend on the interaction of different elements, which
in turn, can also act individually as “key” elements in
the provision of resources and/or shelters for species
persistence (Tews et al., 2004; Stein et al., 2014,
Pacheco et al., 2020a).

The distance from the cave entrance has been
considered an important limiting factor for species
distribution, especially for non-troglobitic taxa, since
there is a reduction in the food resources available
and habitat heterogeneity from the entrance to
deeper areas (Souza-Silva et al., 2021). Thus, a lower
richness of non-troglobitic species in deeper and non-
visited area in Umajalanta Cave may also be related to
the food scarcity and reduced microhabitat diversity.
On the other hand, since troglobitic species are highly
specialized, they can survive in oligotrophic and more
stable areas, usually located in deeper cave zones
(Novak et al., 2012; Tobin et al., 2013, Souza-Silva
et al., 2021). In addition, Pellegrini & Ferreira (2016)
showed that non-troglobitic invertebrates associated
with tourist areas may migrate during high visitation
periods for places far from the visited areas. Thus,
non-tourists regions can function as a refuge for
troglobitic and non-troglobitic communities as well
as a source of individuals for the colonization of
tourist areas. However, we must carefully consider
this possibility, since the use of different areas by the
fauna may be dependent on the dispersal capacity
and microhabitat requirements of different species
(Faile et al., 2015; Nicolosi et al., 2021).

Different from other studies that used microscale
sampling (Pacheco et al., 2020, 2020a; Souza-Silva
et al., 2021) the reduced number of troglobitic
specimens sampled in the 1 m? quadrants did not allow
responses of such organisms to the habitat structure
in Umajalanta Cave at this sample size. Pacheco
et al. (2020) studying the effects of tourism on the
invertebrate fauna of the Lanquin cave (Guatemala),
detected, on a microscale, that the sixteen troglobitic
species responded to the presence of tourism, fine
sediment, matrix rock, cobble, and water puddle.
Hence, the response of the troglobitic fauna can be
variable between caves and probably dependent on
the sampling scale.

Several studies highlighted that if the sampling scale
is not defined according to the organism's perspective,
environmental parameters determining the species
distribution may remain underlying, and preferences
for microhabitats will not be easily detected (Rahbek
& Graves, 2001; Kovac et al., 2003; Rahbek, 2005;
Gonzalez-Megias et al., 2007; Mehrabi et al., 2014;
Pellegrini & Ferreira, 2016a). However, in Umajalanta
Cave, only mesoscale analyzes were effective in
detecting troglobitic fauna habitat requirements. It is
important to note that, in addition to issues related
to the low density of troglobites in Umajalanta Cave,
variables that are considered a determinant in the
distribution of troglobitic fauna, such as temperature
and humidity, were not accessed on a microscale
in our study. Troglobitic species tend to prefer cave
sites that are oligotrophic and have an atmosphere
with high humidity and constant temperature (Kozel
et al., 2019).
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CONCLUSION

In conclusion, the reduced number of visitors and
the predominance of consolidated substrates in the
visited area of the cave apparently “buffer” the possible
influence of human alterations on the habitat structure
and the invertebrate communities. Despite this, it is
important to implement management and monitoring
actions, aiming to prevent the expansion of visitation
routes within the cave and defining more restricted
routes in the area already visited, avoiding trampling
on important substrates for fauna (BirdLife/FFI/ITUCN/
WWF 2014, Pellegrini & Ferreira, 2012; Pacheco et al.,
2020). Thus, management programs associated with
monitoring the fauna and the different caves substrates
are of paramount importance. In addition, information
and environmental education strategies are essential in
good practices for the use of tourist caves.
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