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Abstract Worldwide, nature-based tourism is becoming
more popular and important economically. However,
there is still debate regarding its impact on wildlife in pro-
tected areas. We conducted a quasi-experimental study to
investigate the effects of tourism on the mammal commu-
nity of Cavernas do Peruaçu National Park, a priority area
for conservation in Brazil. We used camera traps to survey
tourist and non-tourist trails during –, encompass-
ing periods before and after tourism started in the Park. We
used four metrics for assessment: species richness, probabil-
ity of using trails, activity levels and daily activity patterns.
After tourism began in the Park there was no significant
change in species richness and the probability of using
tourist trails either increased or remained stable for five of
the six species assessed. The rock cavy Kerodon rupestris
was the only species to be displaced from tourist areas and
to show reduced overall activity on tourist trails after tour-
ism began. The ocelot Leopardus pardalis showed reduced
diurnal activity on tourist trails, an indication of temporal
adjustment. Overall, our results show that the initial years
of visitation at the Park had limited negative impacts on
the target mammal species, supporting the possibility of
accommodating tourism activity and effective conservation
of wildlife in the region. However, it is essential to continue
monitoring in the Park because of the expected growth in
tourism and potential time lags in responses of species.
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Introduction

Nature-based tourism is becoming more popular and
is growing at a faster rate than more conventional

forms of tourism (Newsome et al., ), particularly in
biodiversity-rich developing countries (Balmford et al.,
). In protected areas, tourism may improve conserva-
tion effectiveness by providing funds for management, re-
search and education programmes (Newsome et al., ;
Leung et al., ). Furthermore, nature-based tourism is
usually concentrated in a relatively small area and has
more limited impacts than other economic activities such
as logging and agriculture (Turton & Stork, ). However,
the effectiveness of tourism as a conservation-supporting
strategy remains debatable (Das & Chatterjee, ; Brandt
& Buckley, ). A global review revealed that negative ef-
fects of tourism on wildlife are relatively common (% of
the  studies) and that there is a major research gap on
the impacts of tourism in the biodiversity-rich areas where
ecotourism is expanding (Larson et al., ).

Negative impacts of tourism on wildlife are more likely
in protected areas that harbour many species sensitive to
human disturbance. In these areas, a constant human pres-
ence could drive changes in the use of space by species or in
their temporal activity (Zhou et al., ; Fortin et al., ;
Coppes et al., ). For instance, leopards were more active
during the daytime and used tourist areas more frequently
when a national park in Thailand was closed to visitors
(Ngoprasert et al., ). Similarly, avoidance of areas near
intensively used tourist trails caused indirect habitat loss
for wolves and elks in Canada (Rogala et al., ). In some
cases, even low-impact tourism can cause changes in species
distributions and habitat use (Reed & Merenlender, ;
Fortin et al., ). However, there are also situations in
which wildlife does not seem to be affected by tourism
(Blake et al., ; Larm et al., ). In a large assessment
of North American parks, habitat features outperformed
tourism in explaining the distribution and use of space of
mammal species (Kays et al., ).

Adequate management of tourism activity is essential in
protected areas given that overcrowding and poor planning
could result in the deterioration of biodiversity and scenic
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values. These negative impacts could compromise the con-
servation goals of protected areas and the ecosystem services
they provide, including tourism (Turton & Stork, ;
Leung et al., ). Therefore, biodiversity monitoring pro-
grammes should be a priority in protected areas that have
been opened for visitors, particularly where important bio-
diversity values overlap with high tourism potential. Such
monitoring can serve as an early warning system for the
need to change management schemes to promote the long-
term maintenance of species (Yoccoz et al., ). However,
tourism-driven impacts are difficult to measure (Buckley,
) and the lack of data collected before the intensification
or beginning of tourismmakes these assessments even more
challenging (Butsic et al., ). This is the case for national
parks in Brazil, where tourism has been growing at an
annual rate of % (ICMBio, ) but studies assessing
the impacts of visitors on biodiversity remain scarce
(Cunha, ; Silva et al., ; Monteiro & Lira, ).

Here we used a quasi-experimental setting to investigate
the potential impacts of carefully planned nature-based
tourism on mammal species at Cavernas do Peruaçu
National Park, a high-priority area for conservation in
Brazil (Ministério do Meio Ambiente, ). We surveyed
the mammal community using camera traps on tourist
and non-tourist trails before and after the Park officially
opened for visitors. To our knowledge this is the first
study of this type in a Brazilian national park using baseline
data collected before the intensification of tourism. According
to the risk–disturbance hypothesis (Frid & Dill, ) and
previous assessments conducted elsewhere (Rogala et al.,
; Zhou et al., ), we expected that some species
would avoid or limit their use of tourist trails after visitors
were allowed into the Park, causing a decline in species rich-
ness and their probability of trail use. Given that anthropo-
genic pressure can also modify the activity patterns of
species (Marchand et al., ; Gaynor et al., ) we antici-
pated that the impacts of visitors could also lead to the tem-
poral displacement of mammals. Notably, we expected that
species would be less active and would show reduced diurnal
activity on tourist trails after the beginning of tourism. Our
intent with this assessment is not to jeopardize tourism
but to inform effective management strategies that facilitate
both biodiversity conservation and the development of low-
impact tourism in the region.

Study area

This study was conducted in Cavernas do Peruaçu National
Park (Fig. ), in south-eastern Brazil in the ecotone between
Cerrado (Neotropical savannah) and Caatinga (a mosaic of
thorn scrub and seasonally dry forests associated with a
semi-arid climate; Leal et al., ). The  km Park pro-
tects extensive areas of dry forests and woody savannah and

supports % of all large mammals found in the Brazilian
Cerrado (Ferreira & Oliveira, ). The Peruaçu River is
the main source of water in the Park and its valley harbours
a unique speleological system with hundreds of caves and
archaeological sites with major tourism potential. Gallery
forests along the river and dry forests are the main vegeta-
tion types in the river valley (Oliveira-Filho & Ratter, ).
The climate is semi-arid, with a mean annual temperature
of . °C and a total mean annual rainfall of mm con-
centrated in the wet season (mid October–March;
Geoclock, ).

Given that caves are the main tourist attraction in the
Park and that these are also extremely fragile ecosystems,
the potential negative impacts from tourist activity have
long been a concern for those managing the Park. As
such, a carefully designed plan for tourism was included
in the Park’s management plan (Geoclock, ). Tourist
visitation is restricted to the Peruaçu River valley in the cen-
tral region of the Park and consists of guided visits to caves
and rock art panels, which are accessed via dedicated trails.
Before their visit, tourists must hire a certified local tour
guide. They are then registered and informed about the
rules in the Park, particularly restrictions on accessing non-
tourist areas and walking off-trail. Each guide can host eight
visitors at a time and there is a daily limit on the number of
visitors allowed on each tourist route. The Park remained
closed to tourism until roads, walkways, visitor centres,
and other tourist infrastructure were improved or built,
but a small number of visitors (– per year) were al-
lowed on a few tourist trails and caves during a pre-opening
pilot scheme. The Park officially opened to tourists in 

(Fig. ) and visitation increased substantially, reaching
almost , tourists in  (Supplementary Table ).

Methods

Camera-trap surveys

To investigate the potential effects of visitors on the
mammal community in the Park, we set passive infrared
camera traps (Bushnell Trophycam, Bushnell Corporation,
Overland Park, USA) at  sampling sites on pre-existing
trails in tourist and non-tourist areas (mean minimum
distance to the nearest sampling site was c. . km; Fig. ,
Supplementary Table ). We conducted surveys during
– restricted to the Peruaçu River valley, where all
tourist routes are located (Table ). At each site we deployed
camera traps –m from the trail at a height of c.  cm, par-
allel to the ground and aimed at the trail. We set the camera
traps to work continuously and record -s videos when
triggered, with -s intervals between triggers. We removed
thin vegetation directly in front of the cameras to prevent
false triggers. We conducted maintenance to replace SD
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cards and batteries and to clear vegetation at – day in-
tervals. We did not use baits or lures to attract animals.

Data analysis

We used four metrics derived from camera-trap data to as-
sess the potential impacts of tourist visitation on the mam-
mal community in the Park: species richness, probability
of using trails, overall activity level and daily activity
pattern. We based these metrics on records of medium-
and large-sized mammal species . . kg and included
one smaller rodent, the rock cavy Kerodon rupestris,
which is reliably identifiable in camera-trap records. We
classified camera-trap data according to visitation period:
– as before tourism and – as after tourism.
We assumed that the incipient tourism activity before the
Park officially opened to tourism would have a negligible
or much weaker impact than after official visitation started
and the number of visitors increased substantially. Finally,
we classified the trails where camera traps were deployed
as tourist (n = ) or non-tourist (n = ; Supplementary
Table ). The unequal number of sites in each trail category
was because of the relatively small area where tourism takes
place in the Park, which would not support a larger number
of camera-trap sites unless we reduced substantially the
distance between neighbouring sampling sites.

We constructed a daily record history for each mammal
species by assigning presence () at each camera-trap site
where the species was recorded in a survey day (.–.)
or absence () otherwise. Thus, one or more records of a spe-
cies at a site within  h were considered as one independent
record.We compared species richness using rarefaction curves
and a jackknife  estimator with CI values for each camera-trap
site before and after tourism under comparable sampling effort
(i.e. number of camera-trap days; Colwell et al., ). Jackknife
 is a non-parametric and incidence-based estimator that per-
forms well with camera-trap datasets (Tobler et al., ).

We used binomial generalized linear mixed models to
estimate the effects of tourism on the probability of trail
use by six species, each with at least  independent records
(Supplementary Table ): ocelot Leopardus pardalis, paca
Cuniculus paca, rock cavy, collared peccary (hereafter
peccary) Pecari tajacu, grey brocket deer (hereafter deer)
Mazama gouazoubira and coati Nasua nasua. We did not
include tapeti Sylvilagus brasiliensis, with  independent
records, in our assessment because models for the species
did not converge. The relatively high number of records
used as inclusion criteria was necessary for the convergence
of models estimating up to seven parameters. The six target
species are known to use trails in the Park and encompass a
broad range of body sizes, feeding ecologies and behaviours,
representing distinct natural history strategies of the local
community of medium-sized and large mammals.

FIG. 1 Study area and locations of the camera traps (dots) deployed to survey tourist and non-tourist trails in Cavernas do Peruaçu
National Park, Brazil. A tourism timeline is represented in the bottom right.

TABLE 1 Details of the camera-trap surveys conducted in Cavernas do Peruaçu National Park, Brazil (Fig. ).

Survey period Tourism Season
No. of sites
(tourist/non-tourist trails)

Survey effort
(days)

July 2011–Feb. 2012 Before Dry & wet 10 (4/6) 1,457
June 2013–Aug. 2013 Before Dry 12 (4/8) 429
Oct. 2014–Jan. 2015 Before & after Wet 16 (5/11) 1,672
July 2015–Mar. 2016 After Dry & wet 16 (5/11) 4,148
July 2016–Mar. 2017 After Dry & wet 16 (5/11) 3,970
Total 11,676
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We used both visitation period and trail category as vari-
ables representing tourism in our models. We included the
interaction between these factors as we anticipated that any
potential responses to visitation period would be stronger
on tourist trails. We also included vegetation type and sea-
sonality as covariates because of their potential influence on
probability of trail use by the target species, and we included
camera-trap site as a random factor (Supplementary Table ).
Because our main objective was to assess the effects of tour-
ism, we built alternative models that varied in their in-
clusion of vegetation type and seasonality covariates but
holding tourism-related variables fixed (including their in-
teractions). We used the Akaike information criterion with
a correction for small sample sizes (AICc) to assess model
support (Burnham & Anderson, ).

We present the results for only the best-supported model
for each species, as the effect of tourism-related variables in
other concurrent models with ΔAICc ,  did not change
(Supplementary Tables & ). We followed standard proce-
dures to assess model fit (Zuur et al., ; Hartig, ) by
plotting standardized residuals vs model predictions as well
as observed vs expected distribution of residuals, which in-
dicated adequate model fit for all species (Supplementary
Figs & ). We repeated the modelling procedures described
above using a subset of the data to estimate the effect of visi-
tors on the probability of trail use between . and .,
representing the core visitation hours when tourists are
allowed in the Park. We conducted this additional analysis

for five of the six target species, as we recorded pacas only
rarely during the daytime.

The generalized linear mixed models implemented here
do not account for any potential variation in detection prob-
ability. Statistical adjustments for imperfect detection can
improve monitoring programmes (Mackenzie et al., )
but the covariates influencing the detection probability
can also be controlled prior to data collection through care-
ful planning of the survey design (Banks-Leite et al., ).
Although adequate survey design might not fully eliminate
imperfect detection, it can minimize variation in the detec-
tion probability that would affect the results. In our design,
two features limited variation in the detection probability
between sampling sites and survey periods: () we surveyed
only pre-existing trails, avoiding the variation in detection
between on- and off-trail sites, which is known to affect
mammals in the region (Ferreira et al., ), and () at
each site, camera traps were always deployed in the same
tree, at the same height and facing the same direction during
every survey, limiting the spatial and deployment effects on
detection probability. Furthermore, we do not claim that a
change in probability of trail use is driven necessarily by a
change in animal abundance; instead, we interpret this as
a metric reflecting the intensity of trail use by the species
assessed, an approach that has been adopted in similar
studies (Muhly et al., ; Blake et al., ; Kays et al.,
; Ngoprasert et al., ).

Finally, we investigated the effect of tourism on the activ-
ity of ocelots and rock cavies. We selected these species be-
cause they were amongst themost recorded species and were
active during the daytime, and were thus more likely to be
affected by visitors. To assess the effects of tourism on ac-
tivity, we used all camera-trap records obtained for both
species, not only the independent records. We estimated
overall activity levels (proportion of time active) by fitting
a flexible circular kernel distribution to time-of-detection
data and we performed a Wald test to investigate whether
the estimates before and after tourism differed significantly.
Additionally, we conducted a Watson’s two-sample test to
compare the activity patterns of these species before and
after tourism was allowed (Jammalamadaka & SenGupta,
; Oliveira-Santos et al., ). To limit the potential ef-
fects of spatial variation on activity patterns, we conducted
these pairwise comparisons independently for tourist and
non-tourist trails. Similarly, to avoid the influence of vegeta-
tion type on activity, we restricted the comparisons to gallery
forest sites, where we installed more survey sites on tourist
trails. Analyses were conducted in R .. (R Core Team,
) using packages activity (Rowcliffe et al., ), overlap
(Meredith & Ridout, ) and circular (Agostinelli & Lund,
); we also used packages lme and MuMIn (Bates et al.,
; Barton, ) for modelling and DHARMa (Hartig,
) for model checking. We estimated species richness
with EstimateS .. (Colwell, ).

FIG. 2 Estimates of species richness (jackknife ) in Cavernas do
Peruaçu National Park (Fig. ) before and after tourism was
allowed at each survey site (connected by lines). The % CIs of
the estimates for all pairwise comparisons overlapped, indicating
that changes in species richness were not statistically significant
(CIs not shown for presentation purposes; Supplementary
Table ).
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Results

Species richness

We obtained , independent records of  mammal
species (Supplementary Table ). Estimated species richness
varied between sites but within-site variation before and
after the Park was opened for tourism was only moderate
(Fig. ). These variations in species richness were observed
in both trail categories, although downwards trends were
more frequent on tourist trails. However, none of this vari-
ation in species richness was statistically significant, with
substantial overlap in the % CIs of the estimates for all
within-site comparisons (Supplementary Table ).

Probability of trail use

Trail category alone did not influence the probability of
using trails by any of the target species across the whole

study period (Fig. a). However, except for peccaries, all
species showed reduced probabilities of using any trail
after tourists were allowed in the Park (Fig. c), suggesting
an overall decline in trail use during our study period. A
more complex pattern emerged when we accounted for
the interaction between trail category and tourist visitation.
Contrary to our expectation, ocelots, deer, peccaries and
coatis demonstrated higher probabilities of using tourist
trails after tourism was allowed and this probability re-
mained stable for pacas (Fig. e), indicating that the use of
space by these species was not affected negatively by tour-
ism. The rock cavy was the only species that responded
as we expected, demonstrating a lower probability of using
tourist trails after the intensification of tourism (Fig. e).

When considering only the core visitation hours (.–
.), we observed similar patterns for the effects of trail
category (tourist vs non-tourist trails; Fig. b) and visitation
(before vs after tourism was allowed; Fig. d). However, for
peccaries, ocelots and coatis the observed increases in tourist

FIG. 3 Effects of tourism-related
variables on the probability of trail
use by six mammal species in
Cavernas do Peruaçu National Park
(model estimates displayed on a
logit scale). (a,b) Effect of trail
category (probability of using
tourist trail at any period either
before or after tourism was
allowed), (c,d) effect of visitation
period (probability of using any
trail after tourism was allowed),
and (e,f) effect of the interaction
between trail category and
visitation period (probability of
using tourist trails after tourism
was allowed). Right column (b,d,f)
indicates the results when
restricting the analysis to the core
visitation hours (.–.). The
generalized linear mixed model
estimates (circles) and their
% CIs (horizontal lines) are from
the best-supported model for each
species according to AICc values
(Supplementary Tables  & ).
Species: (i) paca Cuniculus paca,
(ii) rock cavy Kerodon rupestris,
(iii) ocelot Leopardus pardalis, (iv)
deer Mazama gouazoubira, (v)
collared peccary Pecari tajacu and
(vi) coati Nasua nasua. Filled circle
and solid line: significant effect;
Hollow circle and dashed line:
non-significant effect.
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trail use after the beginning of visitation disappeared when
considering only the core visitation hours (Fig. f). By con-
trast, deer and rock cavies maintained the same responses
as in the -h dataset, with the former showing an increased
probability and the latter a decreased probability of tourist
trail use after the intensification of tourism (Fig. f).

Activity parameters

Tourism did not have a significant effect on overall activity
levels (proportion of time species were active) for ocelots but
it did influence the activity levels of rock cavies (Table ).
After tourism intensification, rock cavies had reduced over-
all activity on tourist trails and increased overall activity on
non-tourist trails (Table ). Both species altered their activ-
ity patterns (when species are active) following the begin-
ning of tourist visitation in the Park (Fig. ). For ocelots
there were clear and significant changes in activity patterns
in both trail categories (Fig. a,b), with a particularly strong
decline for diurnal activity on tourist trails (Fig. b). On
non-tourist trails, ocelots were largely diurnal both before
and after tourism but their activity peak shifted from
c. . to . after visitors were allowed in the Park
(Fig. a). For rock cavies, virtually all of their activity on
non-tourist trails was restricted to the daytime both before
and after tourism but with a reduction in the morning peak
(c. .) after tourism was allowed (Fig. c). On tourist trails,
contrary to our predictions, rock cavies showed increased
diurnal activity after tourism was allowed, with a strong
peak at . (Fig. d).

Discussion

Spatial and temporal responses to tourism

Our results suggest that the initial years of tourism activity
in Cavernas do Peruaçu National Park had only a modest
impact on the local mammal community.We observed tem-
poral responses by ocelots and rock cavies but limited nega-
tive spatial responses in most species. There is no evidence

that visitors had an impact on species richness, and the
probability of using a tourist trail after tourism was allowed
either increased or remained stable for five of the six spe-
cies assessed. If visitors were causing species avoidance,
we would expect this impact to be stronger on tourist trails
(Rogala et al., ; Zhou et al., ), which was not the case.
Although we observed a general decline in the probability of
trail use by most of the target species after visitors were
allowed in the Park, our results do not indicate that tourism
was the main factor driving this decline or that it caused
indirect habitat loss, except for rock cavies. We believe
that other factors not related to tourism could be
influencing the study system, such as a reduction in
water availability in the Peruaçu River, but this hypothesis
would need to be investigated before any inferences could
be drawn.

Displacement of wildlife from tourist to non-tourist areas
has been reported as a strategy employed by wild species to
avoid human presence (Rogala et al., ; Morrison et al.,
; Fortin et al., ). We observed this only for rock
cavies in our study. This nationally threatened rodent
(ICMBio, ) showed spatial and temporal avoidance of
tourist areas after the intensification of tourism, as it re-
duced the use of tourist trails and increased activity levels
on non-tourist trails, which indicates the species was af-
fected by visitation. However, rock cavies showed increased
diurnal activity on tourist trails after tourism, which contra-
dicts our predictions of greater nocturnality to minimize
interactions with humans. This complex response pattern
needs further investigation and could be affected by interac-
tions with predators as the increased diurnal activity of rock
cavies was concurrent with the shift towardsmore nocturnal
activity on tourist trails of ocelots. Rock cavies are diurnal
(Portella & Vieira, ) and poached heavily for their
meat (ICMBio, ), which could explain their responses
to the increased human presence. However, this rock-
dwelling rodent can climb steep rock outcrops, thus our
results do not necessarily indicate a complete displacement
from tourist areas. To avoid human contact, rock cavies
could be responding by exploring the vertical dimension
of their habitat, therefore reducing detection.

TABLE 2 Influence of tourism on estimates of overall activity levels for the ocelot Leopardus pardalis and rock cavy Kerodon rupestris
in Cavernas do Peruaçu National Park (Fig. ).

Proportion of time active ± SE

Wald test
No. of records
(before/after)Before tourism After tourism

Ocelot
Non-tourist trails 0.56 ± 0.07 0.54 ± 0.08 P = 0.84 90/166
Tourist trails 0.71 ± 0.08 0.59 ± 0.05 P = 0.23 101/256

Rock cavy
Non-tourist trails 0.22 ± 0.02 0.36 ± 0.03 P, 0.001 389/278
Tourist trails 0.52 ± 0.06 0.31 ± 0.06 P = 0.017 285/67
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Despite the negative response of rock cavies to visitors,
four of the six target species showed increased probabilities
of using a tourist trail after the Park was opened to
tourists. Given that the implementation of tourism in the
study area has followed high standards and visitors do not
leave food or litter behind, we did not expect an increase
in the use of tourist trails by any of the target species,
particularly peccaries and deer, as Neotropical ungulates
are often sensitive to human presence and affected by
even low-intensity tourism (Blake et al., ; Silva et al.,
). In addition, peccary occupancy is known to be
influenced negatively by anthropogenic pressure in the
study area (Ferreira, ). However, it is not uncommon
for ungulates to show habituation to tourists (Stankowich,
). It is possible that visitation could have created a
zone in which the risk of poaching is lower, benefitting
some species. Given that some level of poaching is known
to occur in the Park (D. Barcelos & G.B. Ferreira, pers.
obs., , , , ), the unintentional patrolling
of guides and visitors could have caused a reduction in
this illegal activity in tourist areas.

Although four species showed increased use of tourist
trails after the intensification of tourism, this occurred
outside the core visitation hours (.–.) for ocelots,
peccaries and coatis. This suggests a nuanced response to
visitors in which these species increased their use of tourist
trails to benefit from changes caused by tourism (e.g. refuge
from predators or poachers) while still limiting their direct
interactions with people. Shifts towards more nocturnal
activity in tourist areas have been reported elsewhere
(Marchand et al., ; Coppes et al., ) and we detected
a similar shift in the activity patterns of ocelots in this study.
We found unusually high diurnal activity for ocelots, not
reported for the species elsewhere (Maffei et al., ; Di
Bitetti et al., ; Kolowski & Alonso, ), which shifted

to nocturnal activity on tourist trails after visitors were
allowed into the Park.

Implications for the management of tourism activity

Our results suggest that tourism management strategies such
as those adopted at Cavernas do Peruaçu National Park (e.g.
zoning, a dedicated trail system, a daily cap of visitors and a
requirement for certified tour guides) may limit wildlife
displacement from tourist areas. However, we noticed some
responses to tourism that were particularly strong and po-
tentially detrimental to the nationally threatened rock cavy.
Considering that even quiet, non-consumptive tourism can
cause negative impacts on species (Reed & Merenlender,
) and that most mammals are likely to respond to
people to some degree (Larson et al., ; Gaynor et al.,
), zero-impact tourism activity may be unachievable
and should not be a target of tourism management pro-
grammes in protected areas. Therefore, if some level of impact
is likely to occur, a realistic management strategy should ad-
dress two distinct features of such impact: spatial distribution
and intensity.

Zoning is essential to keep negative impacts from tourism
as localized as possible and to avoid compromising the con-
servation objectives of protected areas (Leung et al., ).
Limiting the tourist area ensures that eventual negative im-
pacts will be limited only to a proportion of the animal pop-
ulations protected in the region. Additionally, a sensible cap
in the daily number of tourists (as is the current practice in
our study area) is likely to limit the intensity of these impacts.
The number of visitors is known to modulate the impacts of
tourism on local biodiversity (Das & Chatterjee, ) and
wildlife avoidance of tourist areas has been reported in highly
visited Brazilian national parks (Cunha, ; Silva et al.,

FIG. 4 Comparison of daily activity
patterns, calculated using kernel
density estimates, for ocelots (top
row) and rock cavies (bottom row)
before and after tourism was allowed
in Cavernas do Peruaçu National
Park (Table ). Asterisks indicate
significance levels resulting from
Watson’s two-sample test:
*P, ., **P, ., ***P, ..
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; Monteiro & Lira, ). Given that tourism activity has
only recently begun and has been growing substantially in
the Park (Supplementary Table ), it is important to realize
that the effects of a larger number of tourists could be
different from what has been observed in the initial years
of visitation, and constant monitoring is necessary to assess
any medium- to long-term effects.

The rock cavy was the only species that showed a nega-
tive spatial response to the beginning of visitation. This is of
particular concern for a nationally threatened species as
displacement from some areas of the Park would reduce
the habitat effectively available for the population.
Because the Park is one of the few protected areas where
rock cavies occur in Minas Gerais state, it is paramount
to mitigate any negative impacts on this population. To
this end, understanding the mechanisms driving rock
cavy responses to the intensification in tourism should be
a priority so that effective management strategies can be
adopted. Furthermore, any decline in the local rock cavy
population would be detrimental for the tourism sector as
this is the only nativemammal species regularly observed in
the Park, therefore improving visitor experience.

Our assessment had the limitation of monitoring only
trails leading to caves and not caves in particular, which
are the main tourist attractions in the region. Nonetheless,
these fragile environments provide crucial habitats for bats
and invertebrates (Ferreira & Horta, ; Paksuz &
Özkan, ; de Sousa Barros et al., ); in our study
area they support a high diversity of troglobites (Trajano
et al., ) and are used frequently by Neotropical otters
Lontra longicaudis (Pinho et al., ). Our study does not
allow us to draw any inferences regarding the impacts of
visitors on species restricted to or highly associated with
caves and a specific monitoring scheme is needed to exam-
ine this.

Taken together, our results suggest that themammal com-
munity and most of our target species were able to tolerate
visitation during the initial years of tourism activity in the
Peruaçu River valley without being displaced from tourist
areas. However, because time lags between impacts and re-
sponses of species are common in natural systems (Watts
et al., ), our findings should be viewed with caution as
they correspond only to the initial phase of tourism in the
Park. Furthermore, the tourism management interventions
adopted probably worked in tandem with the low numbers
of tourists visiting the Park compared to better-known
Brazilian national parks (ICMBio, ). Therefore, we
suggest that a multi-taxa and robust monitoring system
measuring biodiversity responses to tourism should be imple-
mented to inform an adaptive management programme as
tourism activity develops further. This would allowmanagers
to make and adapt decisions based on ecological knowledge,
thereby increasing the probability of conservation goals being
achieved (Leung et al., ).

Considering, however, that some degree of change
caused by tourism may be inevitable, it is also important
to agree on what level of impact would be acceptable in a
protected area. This complex issue should not be addressed
by ecologists alone and the engagement of other stakeholders
in establishing this limit is essential for setting sensible tar-
gets. Moreover, any negative impacts on biodiversity caused
by visitors should be weighed against the conservation and
management gains provided by tourism. In our study area,
organized tourism has, directly or indirectly, brought in-
creased funding, improved infrastructure, greater recog-
nition and unintentional patrolling to the Park, which
together have probably improved conservation effective-
ness. Additionally, tourism is generating employment and
income for local communities, thereby improving their per-
ceptions of the Park and potentially reducing any conflicts
that could adversely affect biodiversity. These benefits and
the results presented here support the possibility of accom-
modating nature-based tourism and effective biodiversity
conservation at Cavernas do Peruaçu National Park.

Acknowledgements We thank I.M. Barata, F.F. Pinho, M.J.R.
Oliveira, L. Bonjorne and many others for field assistance; B.E. Lopes
and C.R. Córdova for assistance with data management; park managers
and employees of Instituto Chico Mendes de Conservação da
Biodiversidade (ICMBio), particularly Norivaldo Pereira dos Santos,
for their support; and the Conservation Leadership Programme,
Panthera, Idea Wild, International Foundation for Science (IFS)
(5353-1), Conselho Nacional de Desenvolvimento Científico e
Tecnológico (CNPq)/Programa de Pesquisa em Biodiversidade
(PPBio)/Rede ComCerrado (457434/2012-0), Centro Nacional de
Pesquisas e Conservação de Mamíferos Carnívoros (CENAP)/ICMBio
andWWF-Brasil (190-2012) for research funding.DCB received a schol-
arship fromCNPq (131032/2016-0) and a research grant fromDecanato
de Pesquisa e Pós-Graduação (DPP)/Universidade de Brasília (UnB).
EMV received a personal research grant from CNPq (311988/2017-2).

Author contributions Study design: GBF; data collection: GBF,
DCB, MSP; data analysis: DCB, GBF; writing: DCB, GBF, EMV.

Conflicts of interest DCB, MSP and GBF represented Instituto
Biotrópicos on the Cavernas do Peruaçu National Park advisory
council during 2014–2016.

Ethical standards This research abided by the Oryx guidelines on
ethical standards.

References

AGOSTINELLI , C. & LUND, U. () R package ‘circular’: circular
statistics (version .-). cran.r-project.org/web/packages/circular/
circular.pdf [accessed  November ].

BALMFORD, A., BERESFORD, J., GREEN, J., NAIDOO, R., WALPOLE, M.
& MANICA, A. () A global perspective on trends in
nature-based tourism. PLOS Biology, , e.

BANKS-LEITE, C., PARDINI, R., BOSCOLO, D., CASSANO, C.R.,
PÜTTKER, T., BARROS, C.S. & BARLOW, J. () Assessing the
utility of statistical adjustments for imperfect detection in tropical
conservation science. Journal of Applied Ecology, , –.

Mammal responses to tourism 861

Oryx, 2022, 56(6), 854–863 © Crown Copyright, 2022. Published by Cambridge University Press on behalf of Fauna & Flora International doi:10.1017/S0030605321001472

https://doi.org/10.1017/S0030605321001472 Published online by Cambridge University Press

https://cran.r-project.org/web/packages/circular/circular.pdf
https://cran.r-project.org/web/packages/circular/circular.pdf
https://doi.org/10.1017/S0030605321001472


BARTON, K. ()MuMIn: Multi-Model Inference. R package version
... cran.r-project.org/web/packages/MuMIn/index.html
[accessed  November ].

BATES, D., MAECHLER, M., BOLKER, B. & WALKER, S. () Fitting
linear mixed-effects models using lme. Journal of Statistical
Software, , –.

BLAKE, J.G., MOSQUERA, D., LOISELLE, B.A., ROMO, D. & SWING, K.
() Effects of human traffic on use of trails by mammals in
lowland forest of eastern Ecuador.Neotropical Biodiversity, , –.

BRANDT, J.S. & BUCKLEY, R.C. () A global systematic review of
empirical evidence of ecotourism impacts on forests in biodiversity
hotspots. Current Opinion in Environmental Sustainability,
, –.

BUCKLEY, R. () Ecological indicators of tourist impacts in parks.
Journal of Ecotourism, , –.

BURNHAM, K.P. & ANDERSON, D.R. () Model Selection and
Multimodel Inference: A Practical Information-Theoretic Approach.
Springer-Verlag, New York, USA.

BUTSIC, V., LEWIS , D.J., RADELOFF, V.C., BAUMANN, M. &
KUEMMERLE, T. () Quasi-experimental methods enable
stronger inferences from observational data in ecology.
Basic and Applied Ecology, , –.

COLWELL, R.K. () EstimateS, Version .: Statistical Estimation of
Species Richness and Shared Species from Samples. University of
Connecticut, Mansfield, USA.

COLWELL, R.K., CHAO, A., GOTELLI , N.J., LIN, S.Y., MAO, C.X.,
CHAZDON, R.L. & LONGINO, J.T. () Models and estimators
linking individual-based and sample-based rarefaction,
extrapolation and comparison of assemblages. Journal of Plant
Ecology, , –.

COPPES, J., BURGHARDT, F., HAGEN, R., SUCHANT, R. &
BRAUNISCH, V. () Human recreation affects spatio-temporal
habitat use patterns in red deer (Cervus elaphus). PLOS ONE,
, e.

CUNHA, A.A. () Negative effects of tourism in a Brazilian Atlantic
Forest National Park. Journal for Nature Conservation, , –.

DAS, M. & CHATTERJEE, B. () Ecotourism: a panacea or a
predicament? Tourism Management Perspectives, , –.

DE SOUSA BARROS, J., BERNARD, E. & FERREIRA, R.L. () An
exceptionally high bat species richness in a cave conservation
hotspot in central Brazil. Acta Chiropterologica, , –.

DI BITETTI , M.S., PAVIOLO, A. & DE ANGELO, C. () Density,
habitat use and activity patterns of ocelots (Leopardus pardalis)
in the Atlantic forest of Misiones, Argentina. Journal of Zoology,
, –.

FERREIRA, G.B. () When the blanket is too short: potential
negative impacts of expanding indigenous land over a national park
in a high priority area for conservation. Land Use Policy, , –.

FERREIRA, G.B. & OLIVEIRA, M.J.R. () Descobrindo os
Mamíferos− um Guia para as Espécies do Norte de Minas Gerais.
Biografa, Januária, Brazil.

FERREIRA, G.B., AHUMADA, J.A., OLIVEIRA, M.J.R., DE PINHO, F.F.,
BARATA, I.M., CARBONE, C. & COLLEN, B. () Assessing the
conservation value of secondary savanna for large mammals in the
Brazilian cerrado. Biotropica, , –.

FERREIRA, R.L. & HORTA, L.C. () Natural and human impacts on
invertebrate communities in Brazilian caves. Revista Brasileira de
Biologia, , –.

FORTIN, J.K., RODE, K.D., HILDERBRAND, G.V., WILDER, J., FARLEY,
S., JORGENSEN, C. & MARCOT, B.G. () Impacts of human
recreation on brown bears (Ursus arctos): a review and new
management tool. PLOS ONE, , e.

FRID, A. & DILL, L. () Human-caused disturbance stimuli as a
form of predation risk. Conservation Ecology, , .

GAYNOR, K.M., HOJNOWSKI, C.E., CARTER, N.H. & BRASHARES, J.S.
() The influence of human disturbance on wildlife nocturnality.
Science, , –.

GEOCLOCK () Plano de Manejo do Parque Nacional Cavernas do
Peruaçu. Ministério do Meio Ambiente, Brasília, Brazil.

HARTIG, F. () DHARMa: residual diagnostics for hierarchical
(multi-level/mixed) regression models. R package version ....
cran.r-project.org/web/packages/DHARMa/vignettes/DHARMa.
html [accessed  November ].

ICMBIO () Livro Vermelho da Fauna Brasileira Ameaçada de
Extinção: Volume II – Mamíferos. ICMBio, Brasília, Brazil.

ICMBIO () Visitação bate novo recorde em . ICMBio em
Foco, , –.

JAMMALAMADAKA, S.R. & SENGUPTA, A. (eds) () Nonparametric
testing procedures. In Topics in Circular Statistics, pp. –.
World Scientific Publishing, Singapore.

KAYS, R., PARSONS, A.W., BAKER, M.C., KALIES , E.L., FORRESTER, T.,
COSTELLO, R. et al. () Does hunting or hiking affect
wildlife communities in protected areas? Journal of Applied Ecology,
, –.

KOLOWSKI, J.M. & ALONSO, A. () Density and activity patterns of
ocelots (Leopardus pardalis) in northern Peru and the impact of oil
exploration activities. Biological Conservation, , –.

LARM, M., ERLANDSSON, R., NORÉN, K. & ANGERBJÖRN, A. ()
Fitness effects of ecotourism on an endangered carnivore.
Animal Conservation, , –.

LARSON, C.L., REED, S.E., MERENLENDER, A.M. & CROOKS, K.R.
() Effects of recreation on animals revealed as widespread
through a global systematic review. PLOS ONE, , e.

LEAL, I.R., DA SILVA, J.M.C., TABARELLI , M. & LACHER, T.E. ()
Changing the course of biodiversity conservation in the Caatinga of
northeastern Brazil. Conservation Biology, , –.

LEUNG, Y., SPENCELEY, A., HVENEGAARD, G. & BUCKLEY, R. ()
Tourism and Visitor Management in Protected Areas: Guidelines for
Sustainability. Best Practice Protected Area Guidelines Series, .
IUCN, Gland, Switzerland.

MACKENZIE, D.I., NICHOLS, J.D., LACHMAN, G.B., DROEGE, S.,
ANDREW, J. & LANGTIMM, C.A. () Estimating site occupancy
rates when detection probabilities are less than one. Ecology,
, –.

MAFFEI, L., NOSS, A.J., CUÉLLAR, E. & RUMIZ, D.I. () Ocelot
(Felis pardalis) population densities, activity, and ranging behaviour
in the dry forests of eastern Bolivia: data from camera trapping.
Journal of Tropical Ecology, , –.

MARCHAND, P., GAREL, M., BOURGOIN, G., DUBRAY, D., MAILLARD,
D. & LOISON, A. () Impacts of tourism and hunting on a large
herbivore’s spatio-temporal behavior in and around a French
protected area. Biological Conservation, , –.

MEREDITH, M. & RIDOUT, M. () Overview of the overlap package.
cran.r-project.org/web/packages/overlap/vignettes/overlap.pdf
[accessed  March ].

MINISTÉRIO DO MEIO AMBIENTE () Portaria ,  de Dezembro
de  – Áreas Prioritárias Para Conservação. Ministério do Meio
Ambiente, Brasília, Brazil.

MONTEIRO, M.C.M. & LIRA, P.K. () Metropolitan mammals:
understanding the threats inside an urban protected area.
Oecologia Australis, , –.

MORRISON, C.D., BOYCE, M.S., NIELSEN, S.E. & BACON, M.M. ()
Habitat selection of a re-colonized cougar population in response
to seasonal fluctuations of human activity. Journal of Wildlife
Management, , –.

MUHLY, T.B., SEMENIUK, C., MASSOLO, A., HICKMAN, L. & MUSIANI,
M. () Human activity helps prey win the predator–prey space
race. PLOS ONE, , e.

862 D. Barcelos et al.

Oryx, 2022, 56(6), 854–863 © Crown Copyright, 2022. Published by Cambridge University Press on behalf of Fauna & Flora International doi:10.1017/S0030605321001472

https://doi.org/10.1017/S0030605321001472 Published online by Cambridge University Press

https://cran.r-project.org/web/packages/MuMIn/index.html
https://cran.r-project.org/web/packages/DHARMa/vignettes/DHARMa.html
https://cran.r-project.org/web/packages/DHARMa/vignettes/DHARMa.html
https://cran.r-project.org/web/packages/overlap/vignettes/overlap.pdf
https://doi.org/10.1017/S0030605321001472


NEWSOME, D., MOORE, S.A. & KINGSTON, R. () Natural Area
Tourism: Ecology, Impacts and Management. Channel View
Publications, Clevedon, UK.

NGOPRASERT, D., LYNAM, A.J. & GALE, G.A. () Effects of
temporary closure of a national park on leopard movement and
behaviour in tropical Asia. Mammalian Biology, , –.

OLIVEIRA-FILHO, A.T. & RATTER, J.A. () Vegetation
physiognomies and woody flora of the Cerrado biome. In The
Cerrados of Brazil: Ecology and Natural History of a Neotropical
Savanna (eds P.S. Oliveora & R.J. Marquis), pp. –. Columbia
University Press, New York, USA.

OLIVEIRA-SANTOS, L.G.R., ZUCCO, C.A. & AGOSTINELLI , C. ()
Using conditional circular kernel density functions to test hypotheses
on animal circadian activity. Animal Behaviour, , –.

PAKSUZ, S. & ÖZKAN, B. () The protection of the bat community
in the Dupnisa Cave System, Turkey, following opening for tourism.
Oryx, , –.

PINHO, F.F., FERREIRA, G.B. & BARATA, I.M. () Feeding ecology
and spraint deposition sites of the Neotropical otter (Lontra
longicaudis) at Cavernas do Peruaçu National Park, Brazil.
IUCN Otter Specialist Group Bulletin, , –.

PORTELLA, A.S. & VIEIRA, E.M. () Diet and trophic niche breadth
of the rare acrobatic cavy Kerodon acrobata (Rodentia: Caviidae)
in a seasonal environment. Mammal Research, , –.

R CORE TEAM () R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna,
Austria.

REED, S.E. & MERENLENDER, A.M. () Quiet, nonconsumptive
recreation reduces protected area effectiveness. Conservation Letters,
, –.

ROGALA, J.K., HEBBLEWHITE, M., WHITTINGTON, J., WHITE, C.A.,
COLESHILL, J. & MUSIANI, M. () Human activity differentially
redistributes large mammals in the Canadian Rockies national
parks. Ecology and Society, , .

ROWCLIFFE, J.M., KAYS, R., KRANSTAUBER, B., CARBONE, C. &
JANSEN, P.A. () Quantifying levels of animal activity

using camera trap data. Methods in Ecology and Evolution,
, –.

SILVA, M.X.D., PAVIOLO, A., TAMBOSI, L.R. & PARDINI, R. ()
Effectiveness of protected areas for biodiversity conservation:
mammal occupancy patterns in the Iguaçu National Park, Brazil.
Journal for Nature Conservation, , –.

STANKOWICH, T. () Ungulate flight responses to human
disturbance: a review and meta-analysis. Biological Conservation,
, –.

TOBLER, M.W., CARRILLO-PERCASTEGUI , S.E., LEITE PITMAN, R.,
MARES, R. & POWELL, G. () An evaluation of camera traps for
inventorying large- and medium-sized terrestrial rainforest
mammals. Animal Conservation, , –.

TRAJANO, E., GALLÃO, J.E. & BICHUETTE, M.E. () Spots of
high diversity of troglobites in Brazil: the challenge of
measuring subterranean diversity. Biodiversity and Conservation,
, –.

TURTON, S.M. & STORK, N.E. () Environmental impacts of
tourism and recreation in the wet tropics. In Living in a Dynamic
Tropical Forest Landscape (eds N.E. Stork & S.M. Turton),
pp. –. Blackwell Publishing, Hoboken, USA.

WATTS, K., WHYTOCK, R.C., PARK, K.J., FUENTES-MONTEMAYOR, E.,
MACGREGOR, N.A., DUFFIELD, S. & MCGOWAN, P.J.K. ()
Ecological time lags and the journey towards conservation success.
Nature Ecology & Evolution, , –.

YOCCOZ, N.G., NICHOLS, J.D. & BOULINIER, T. () Monitoring of
biological diversity in space and time. Trends in Evolution and
Ecology, , –.

ZHOU, Y., BUESCHING, C.D., NEWMAN, C., KANEKO, Y., XIE, Z. &
MACDONALD, D.W. () Balancing the benefits of ecotourism and
development: the effects of visitor trail-use on mammals in a
protected area in rapidly developing China. Biological Conservation,
, –.

ZUUR, A.F., IENO, E.N., WALKER, N., SAVELIEV, A.A. & SMITH, G.M.
() Mixed Effects Models and Extensions in Ecology with R.
Springer New York, New York, USA.

Mammal responses to tourism 863

Oryx, 2022, 56(6), 854–863 © Crown Copyright, 2022. Published by Cambridge University Press on behalf of Fauna & Flora International doi:10.1017/S0030605321001472

https://doi.org/10.1017/S0030605321001472 Published online by Cambridge University Press

https://doi.org/10.1017/S0030605321001472

	A before-after assessment of the response of mammals to tourism in a Brazilian national park
	Abstract
	Introduction
	Study area
	Methods
	Camera-trap surveys
	Data analysis

	Results
	Species richness
	Probability of trail use
	Activity parameters

	Discussion
	Spatial and temporal responses to tourism
	Implications for the management of tourism activity

	Acknowledgements
	References


