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Abstract

To develop effective conservation and management actions, it is important to
examine anthropogenic disturbance patterns and their impact on wildlife. We exam-
ined variation in the behavioral and physiological stress response of the Critically
Endangered Mexican mantled howler monkeys Alouatta palliata mexicana in rela-
tion to two types of anthropogenic disturbance, habitat spatial patterns and pres-
ence of humans or their livestock (noise and presence nearby primates). We
studied four groups (42 individuals) in two forest fragments at the Los Tuxtlas
Biosphere Reserve for a total of 1100 observation hours, during which we recorded
the howler monkeys’ vocalizations, locomotion and vigilance. We additionally col-
lected fecal samples to determine the concentrations of glucocorticoid metabolites
(fGCM). Howler monkeys vocalized less and moved more when in more spatially
disturbed locations and when exposed more time to nearby noise but spent less
time in locomotion when humans were present. fGCM were only related to human
presence, suggesting that habitat spatial patterns are less of a challenge than human
presence. This may be related to the generally unpredictable nature of the latter.
Although our study does not allow determining whether the behavioral and physio-
logical responses of howler monkeys to disturbance are costly, from a conservation
standpoint it may be more prudent to assume that they are and design strategies to
mitigate them. In this sense, actions aimed at reducing anthropogenic noise could
benefit the conservation of Mexican mantled howler monkeys.

Introduction

Biodiversity is under threat, mainly due to habitat loss and
degradation, overexploitation, pollution, invasive species and
climate change (Secretariat of the Convention on Biological
Diversity, 2010). It is estimated that current species extinc-
tion rates are exceptionally fast (McCauley et al., 2015;
Ceballos, Ehrlich & Dirzo, 2017), and that, if maintained, a
very high proportion of species will become extinct before
the end of the century (Pimm & Raven, 2000). Under this
scenario, it is critical to examine anthropogenic disturbance
patterns and their impact on wildlife.

The impact of anthropogenic disturbance on wildlife has
been mainly studied in two ways. First, some studies focus
on investigating how variation in habitat spatial patterns
caused by human activities affects animals (i.e. anthro-
pogenic spatial disturbance). These studies usually analyze

how variation of one or several spatial attributes (e.g. habitat
size, habitat shape) measured on local, landscape or regional
scales affect population parameters, behavior or physiology
of animals (e.g. Cormont et al., 2014; Ferreira et al., 2017).
Second, other studies concentrate on examining how the
presence of humans and/or domestic animals (e.g. grazing,
recreational activities, traffic) inside or in the vicinity of a
natural habitat affects population parameters, behavior or
physiology (e.g. Tablado & Jenni, 2017; Karimov, Kachel &
Hackl€ander, 2018). More rarely, the effects of both variation
in habitat spatial patterns and human presence on wildlife
are analyzed (e.g. Fern�andez-Juricic, 2000; Gill, 2007;
B€otsch et al., 2018). These latter studies suggest that varia-
tion in habitat spatial patterns and human presence have
synergistic effects: usually human presence has a stronger
effect on populations living in habitats with higher spatial
disturbance (e.g. with more trails). Still, the paucity of
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studies with this design, and the fact that the existing studies
have been almost exclusively conducted with birds, limit our
ability to understand how different anthropogenic disturbance
types affect wildlife, and as a consequence, to develop effec-
tive conservation and management actions.

In order to better understand how different types of
anthropogenic disturbance affect wildlife, we examined varia-
tion in the behavioral and physiological stress response of
mantled howler monkeys Alouatta palliata in the Los Tuxt-
las Biosphere Reserve. A diet that includes a large array of
food items and energy-conservative time budgets seem to
support the persistence of howler monkeys in degraded habi-
tat, and their frequent presence in forest fragments where
other mammals are absent (Rangel-Negr�ın et al., 2014) has
led to claims that they are resilient to anthropogenic distur-
bance (Schwarzkopf & Rylands, 1989; Terborgh et al.,
2001). However, there is ample evidence that population
parameters, behavior and physiology of howler monkeys are
negatively affected by anthropogenic disturbance (Arroyo-
Rodr�ıguez & Dias, 2010). Still, this evidence comes almost
exclusively from studies focusing on human-induced varia-
tion in habitat spatial patterns and its effect on resource
availability (Arroyo-Rodr�ıguez & Dias, 2010). The few stud-
ies that have related human presence with howler monkey
behavior and physiology (Behie, Pavelka & Chapman, 2010;
Aguilar-Melo et al., 2013; McKinney, Westin & Serio-Silva,
2015) yielded contrasting results. Contrasting results may be
due to differences across species (i.e. different howler mon-
key species may respond differently), group size (e.g.
mean � SD: 4.8 � 1.2 individuals vs. 38.5 � 6.4: Behie
et al., 2010; Aguilar-Melo et al., 2013) and study design
(e.g. counts vs. occurrence of humans: Behie et al., 2010;
Aguilar-Melo et al., 2013). In addition, none of these studies
controlled for the spatial attributes of the habitat. Therefore,
we currently do not know how different sources of anthro-
pogenic disturbance affect howler monkeys, and as a conse-
quence, if their presence in disturbed habitat is linked to
resilience in coping with variation in habitat spatial patterns
and/or human presence, and if their persistence in disturbed
habitats could be viable.

We focused on the Critically Endangered Mexican man-
tled howler monkeys Alouatta palliata mexicana (Cuar�on
et al., 2008) living in a protected area, and examined varia-
tion in vigilance, locomotion, vocalizations and physiological
stress in relation to habitat spatial patterns and human pres-
ence. Vigilance and locomotion are linked to the detection
and avoidance of potential threats respectively (Tablado &
Jenni, 2017), and should be influenced by both spatial distur-
bance (e.g. increased vigilance and locomotion when individ-
uals are near areas where encounters with humans are more
likely) and presence of humans (increased vigilance and
locomotion in response to human noise or when humans are
actually present). Alternatively, locomotion should decrease
if individuals have a passive antipredatory strategy (wildlife
usually perceives humans as predators: Frid & Dill, 2002),
whereby they hide or remain cryptic when humans are pre-
sent (Steen, Gabrielsen & Kanwisher, 1988; Stankowich &
Blumstein, 2005). Under this strategy, individuals should

also vocalize less to avoid detection. In the absence of habit-
uation (Cyr & Romero, 2009) to anthropogenic disturbance,
individuals should activate the physiological stress response
when humans are present, but the magnitude of this activa-
tion may depend on coping style (i.e. a set of behavioral and
physiological responses to challenges that is consistent over-
time and particular to a certain group of individuals: Kool-
haas et al., 1999). Passive (or reactive) coping is associated
with more activation, and corresponding higher levels of
adrenocortical hormones, than proactive coping (Koolhaas
et al., 1999; Carere, Caramaschi & Fawcett, 2010). In con-
trast, if individuals have a proactive coping style, when
humans are present vocalizations should be more frequent
and levels of adrenocortical hormones should be similar to
those at other times (Koolhaas et al., 1999). Finally, adreno-
cortical hormone levels should also be affected by spatial
disturbance if individuals associate location within their habi-
tat with risk of encountering humans (i.e. a ‘landscape of
fear’ sensu Brown, Laundr�e & Gurung, 1999), or if habitat
quality is influenced by spatial disturbance (e.g. less food
resources in some areas; Busch & Hayward, 2009).

Materials and methods

Ethical note

This study was non-invasive and followed the ‘Guidelines
for the treatment of animals in behavioural research and
teaching’ (Guidelines for the Use of Animals, 2019).
Research protocols were approved by the Secretaria de
Medio Ambiente y Recursos Naturales (permits SGPA/
DGVS/10637/11 and SGPA/DGVS/04999/14) and adhered to
the legal requirements of the Mexican law (NOM-059-
SEMARNAT2010).

Study sites and subjects

We conducted the study in the Los Tuxtlas Biosphere
Reserve, in southeastern Mexico. The reserve was created in
1998 and encompasses 155 122 ha. In this reserve there is a
distinction between core and buffering areas, with the former
representing areas where human activities are highly
restricted (i.e. a land sparing conservation strategy), whereas
the use and exploitation of natural resources are allowed in
the latter (i.e. land sharing; Diario Oficial, 2009). To increase
the likelihood of observing human activities close to mantled
howler monkeys, we studied four groups living in two forest
fragments, La Flor de Catemaco (18°26043″N, 95°02049″W)
and Montep�ıo (18°37043″N, 95°05005″W) located in the
buffering area of the reserve (Fig. 1). These fragments have
approximately the same area (c. 120 ha), altitude (c. 200 m
a.s.l.) and vegetation type (tracts of old-growth evergreen
rainforest interspersed with secondary forest, crops and pas-
turelands). In addition, there are several constructions border-
ing the fragments, including small huts where cattle are
milked (Montep�ıo), warehouses where ornamental plants are
processed and stored before being sold (La Flor de Cate-
maco) and roads (both fragments).
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Fifty-two individuals lived in the four study groups.
Groups had approximately the same size and composition
(mean � SD): 4.3 � 2.1 adult males; 6.0 � 2.4 adult
females; 2.8 � 1.5 immatures. In this study we concentrated
on the 42 adult individuals, as the behavior of immatures
(<3 years old) is usually highly dependent on the behavior
of their mothers. Howler monkeys were fully habituated to
the presence of researchers (i.e. ignored our presence: Wil-
liamson & Feistner, 2011). We identified each individual
monkey easily through anatomical and physiognomic charac-
teristics, including body size and proportions, scars, broken
fingers and genital morphology and pigmentation.

Field methods

Behavioral sampling

We studied each group for 2 months during the dry season
(i.e. March–May) and 2 months during the rainy season (i.e.
June–February) in 2016. We conducted the same number of
consecutive 4-day follows per week for each group in each
season (24 days/group/season). During each day, we
recorded all occurrences (Altmann, 1974) of loud calls,
which are vocalizations that howler monkeys use mainly for
inter-group communication but have also been described to
function as alarm calls (Kitchen et al., 2015). We also used
focal animal sampling with continuous recording (1-h sam-
ples; Altmann, 1974) to determine locomotion (move-
ment > 0.5 m from an individuals’ current position) and
vigilance time. Individuals were scored as vigilant if their
heads were up, their eyes were open and their attention was
not focused on a competing activity (e.g. foraging, socializ-
ing; Barrett, Halliday & Henzi, 2006). Subjects were ran-
domly chosen as focal animals, with no individual sampled
again until all others were sampled once. We performed a

total of 1100 observation hours, with a mean (�SD) of 24.2
(�1.8) hours per week per group.

Assessment of physiological stress

To assess physiological stress, we measured fecal glucocorti-
coid metabolites (fGCM hereafter). We collected fecal sam-
ples opportunistically whenever they could be matched with
individuals. We only collected samples that were not con-
taminated with urine or water. We deposited samples in
polyethylene bags and stored them in a cooler with ice packs
while in the field, and in a freezer at �20°C at the field sta-
tion. Variation in this freezing procedure did not affect
fGCM measurements (Supporting Information). Samples
were freeze-dried (FreeZone 2.5 Liter Benchtop Freeze Dry
System; Labconco, Kansas, MO, USA) to constant weight
within a mean (�SD) of 2 � 1 months after collection. We
then pulverized samples using a porcelain mortar and pestle,
removed seeds and bulks of undigested fiber with forceps,
homogenized samples in the mortar with disposable plastic
spatulas and stored samples in 15 mm polypropylene tubes
at �20°C until extraction. To extract fGCM from fecal sam-
ples we shook 0.6 g of lyophilized, pulverized and homoge-
nized feces for 24 h in 4.0 mL of analytical-grade methanol.
Then, we centrifuged (2500 g for 30 min at �40°C) sam-
ples, collected supernatants containing steroids with pipettes,
put supernatants in borosilicate glass tubes and evaporated
them overnight in a water bath (PolyScience WA20, Niles,
IL, USA) at 60°C. We added 3 mL of albumin buffer to the
tubes and shook them for 1 min in a vortex (Vibrax, Serono,
Geneva, Switzerland) and for 15 s in an ultrasonic cleaner
(Cole-Parmer 08895-21, Vernon Hills, IL, USA).

We determined fGCM concentrations in extracts with a
chemiluminescent immunoassay using a commercial kit
(Cortisol, Immulite, Siemens, Los Angeles, CA, USA;

Los Tuxtlas

Catemaco

A

México

B

(a) (b)

Figure 1 The study was conducted in southeastern Mexico (top left), specifically at the Los Tuxtlas region (botton left). In this region we

sampled groups of Mexican mantled howler monkeys in two locations (white dots in bottom left): La Flor de Catemaco (a) and Montep�ıo

(b).
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sensitivity = 5.5 nmol L�1; calibration range = 28–1380
nmol L�1) and an automated immunoassay system (Immu-
lite 1000 analyzer, Siemens, Munich, Germany). The anti-
body in this kit is highly specific to cortisol, showing low
(8.6%) cross-reactivity with corticosterone. Pooled fecal
extracts, when added to the standard curve points, exhibited
a similar slope (R2 = 0.97, N = 10, P < 0.001), and serial
dilutions of a fecal pool from howler monkeys yielded
results that ran parallel to the kit’s standards (t = 0.7,
P = 0.673). Recovery rate was (mean � SE) 96.5 � 3.9%
(N = 5). Glucocorticoid intra-assay variation averaged 9.5%
(fecal extract pool, N = 6) and inter-assay variation was
7.7%. We performed a biological validation that showed
that our technique reliably detected changes in fGCM in
response to an emulated stressor (see Supplementary meth-
ods in Supporting Information Appendix S1). We analyzed
a total of 611 fecal samples, with a mean (�SD) of 12.7
(�2.1) samples per week per group. fGCM concentrations
are expressed in ng g�1.

Assessment of habitat spatial patterns

To assess variation in habitat spatial patterns associated with
anthropogenic disturbance, we used a point-quarter sampling
(Krebs, 1999). At the beginning of each focal animal sampling,
we used the tree in which the focal was located as the center of
four compass directions that divided the sampling point into four
90° quadrants that extended 30 m (26 m is the maximum mean
group spread for the species: Bezanson et al., 2008) from the
central tree (Ganzhorn 2011). In each quadrant we determined
the predominant (i.e. cover type that occupied > 0.035 ha) land
cover type as forest, crops, pasture or constructions. Therefore,
in each sampling point a particular land cover type could have a
score of between 0 (was not predominant in any quadrant) and 4
(was predominant in all quadrants). When forest was the pre-
dominant land cover in a quadrant, we estimated the abundance
of young leaves, mature leaves and fruits (the main food items of
howler monkeys: Dias & Rangel-Negr�ın, 2015) in all trees with
a diameter at breast height (DBH) ≥ 10 cm (howler monkeys do
not use trees with DBH < 10 cm) using semiquantitative scores:
0 = total absence; 1 = presence of the item in 0–25% of the total
coverage of the frond of the tree; 2 = 26–50%; 3 = 51–75%;
and 4 = 76–100% (Fournier, 1974). We then calculated the rela-
tive abundance of each item in the quadrant as:

Ax ¼
PN

1 ðSx � DBHÞ� �

N
;

where Ax is the relative abundance of item x in a given quad-
rant, Sx is the abundance score of x in each tree in that quad-
rant, DBH is the diameter at breast height of each tree in that
quadrant and N is the number of trees sampled in the quad-
rant. We performed a total of 1100 point-quarter samplings.

Assessment of human presence

To assess anthropogenic disturbance associated with the pres-
ence of humans, we recorded the duration of all human-

associated noises as well as of the actual presence of humans
or domestic animals. Concerning noise, we noted whether it
occurred within (hereafter nearby noise) or outside (hereafter
distant noise) a circle with a 30 m radius (maximum group
spread) surrounding the focal animal being sampled at the
moment of occurrence of each noise. We recorded the fol-
lowing noises: vocalizations (people talking to each other or
vocalizing towards howler monkeys; dogs barking); cell-
phone ringing; work tools (machete, chainsaw, hammer);
engine sound (car, boat, airplane, helicopter); and music
(played from loudspeakers in town or from loudspeakers
mounted on the top of a car). Concerning the actual presence
of humans or their domestic animals, we only recorded it
(hereafter intruder presence) when they were < 30 m from
the focal animal and did not produce noise. There was varia-
tion within each human presence category in terms of stimuli
intensity. For instance, in the category intruder presence,
sometimes humans passed by without paying attention to
howler monkeys, but other times they threw objects at them.
Although we acknowledge the possible influence of such
variation in our study, the short duration of several distur-
bances precluded a more detailed analysis. We recorded a
total of 1134 events of human presence, with a mean � SD

of 23.9 � 18.8 disturbances per group per week. Given the
observed delay between the exposure of individuals to an
acute challenge and peak fGCM concentrations (see Supple-
mentary methods in Supporting Information Appendix S1),
we assumed a 24-h delay between disturbance associated
with the presence of humans and the associated fGCM
excretion response. Thus, we scheduled both weekly behav-
ioral observations and fecal sample collection accordingly:
fecal sample collection began the day after behavioral sam-
pling began and ended one day after the end of behavioral
sampling.

Statistical analysis

We calculated the following variables at the group level on
a weekly basis: (1) number of times individuals vocalized
(i.e. frequency of vocalizations); (2) sum of time spent in
locomotion in all focal samples; (3) sum of time spent in
vigilance in all focal samples; (4) mean fGCM for all sam-
ples collected per group (Supporting Information Table S1).
We also calculated the weekly mean presence of land cover
types in the locations used by each group each week by
dividing the sum of scores obtained by each land cover type
in all point-quarter samplings in a given week by the total
number of point-quarter samplings recorded in that week.
We calculated mean weekly abundance of fruits and both
young and mature leaves in areas used by each group by
dividing the sum of abundance scores of each food item in a
given week by the total number of point-quarter samplings
collected in that week. Concerning human presence, we cal-
culated weekly proportions of time each group was exposed
to disturbance by dividing the sum of durations of all distur-
bances in each category (i.e. distant and nearby noises and
intruder presence) in a given week by the total observation
time in that week.

4 Animal Conservation �� (2019) ��–�� ª 2019 The Zoological Society of London

Impact of anthropic disturbance on howler monkeys S. Ca~nadas Santiago et al.



To analyze the impact of anthropogenic disturbance on
mantled howler monkeys, we built four mixed models (West,
Welch & Galecki, 2014), one for each of the following
dependent variables: frequency of vocalizations; time in loco-
motion; time in vigilance; mean fGCM. Fixed factors were
measures of habitat spatial patterns (land cover types in areas
used by the group: forest, crops, pasture and constructions)
and human presence (nearby and distant noise and intruder
presence), whereas the term group id nested in site id was
added as a random factor to account for the repeated sam-
pling of different groups living in the same site. Given pre-
vious evidence suggesting that habitat spatial patterns and
human presence may have synergistic effects on wildlife
behavior (Fern�andez-Juricic, 2000; Gill, 2007; B€otsch et al.,
2018), we also added two-way interaction terms between
both types of disturbance to models. However, models
including interaction terms failed to converge, and we there-
fore only analyzed additive effects.

We included as control fixed factors in all models food
abundance (i.e. fruits, young leaves and mature leaves), to
account for the alternative hypothesis that variation in howler
monkey behavioral and physiological stress response was
mainly linked to ecological factors and group id, to account
for inter-group variation in responses to disturbance. Food
abundance variables were collinear (variance inflation fac-
tors > 10), so we reduced them to an orthogonal variable
using principal components analysis. This component (here-
after food availability) had an eigenvalue of 2.8 and
explained 94.5% of the variance in the original variables. It
was positively related with fruit (r = 0.95), young leaf (0.98)
and mature leaf (0.98) abundance. All other predictors were
not collinear (Kutner et al., 2004).

We used a Poisson error distribution and log link function
for the vocalizations and locomotion models. Although in
our study vigilance was a count variable (i.e. weekly total
seconds) we obtained a better fit, as assessed using Q-Q
plots of residuals fitted against predicted values and a Sha-
piro-Wilk test for normality of model residuals, with a model
with Gaussian error distribution and identity link function on
square root transformed vigilance time than with a model
with Poisson error distribution on original values. In models
of vocalizations, locomotion and vigilance we included
weekly observation time as an offset variable, and in the
locomotion model we also included an observation-level ran-
dom effect to correct for overdispersion (Harrison, 2014).
We used a Gaussian error distribution and identity link func-
tion to analyze variation in log transformed mean fGCM.

We followed an information-theoretic approach and multi-
model inference to generate set models based on all combi-
nations of predictors and then average model parameters
across all resulting models (Burnham & Anderson, 2013; see
Supplementary results in Supporting Information
Appendix S2). We calculated the relative importance of each
predictor based on its Akaike weights across all possible
models. As model weights represent the probability of a
model to be the best model in the model set and thus reflect
model uncertainty, importance can be understood as the like-
lihood of a predictor to be included in the best model

(Burnham & Anderson, 2013). We used R package ‘MuMln’
(Barton, 2018) for model selection and averaging, package
‘lme4’ (Bates et al., 2018) to obtain model parameters and
confidence interval for fixed factors and package ‘sjstats’ to
calculate pseudo-R-squared to assess the effect size of each
model (L€udecke, 2019). In all cases the best models had a
significantly different effect on dependent variables than null
models including only the intercept and random factors, as
assessed using a likelihood ratio test (R function ‘ANOVA’:
R Core Team, 2019).

Results

Howler monkeys vocalized more frequently in locations with
a lower proportion of pasture and crops, and when they were
exposed to less nearby noise (Table 1; Fig. 2). In contrast,
they vocalized more when in locations with more construc-
tions, although this factor had a relatively lower importance
(ΣWi = 0.55). Individuals spent more time in locomotion in
locations with more crops and constructions and when
exposed to more nearby noise. However, the model-averaged
parameter estimate of crops was smaller than its SE, suggest-
ing that caution is needed in the interpretation of the result
for this predictor. In contrast, locomotion time was lower
when intruder presence was higher. Howler monkeys were
more vigilant when exposed to more nearby noise and when
in locations with more pasture (although its parameter esti-
mate was smaller and the estimate’s SE), whereas vigilance
was lower with more distant noises. fGCM concentrations
were higher when howler monkeys were exposed to more
nearby noise and were negatively related with distant noise.

Discussion

We investigated how variation in habitat spatial patterns and
human presence affected the behavioral and physiological
stress response of mantled howler monkeys living in two
forest fragments within the Los Tuxtlas Biosphere Reserve.
Both disturbance types affected the behavior of individuals,
but not their fGCM concentrations, which were only influ-
enced by human presence. Thus, our results highlight the
importance of using different response (i.e. behavioral and
physiological) and disturbance (i.e. habitat spatial patterns
and human presence) variables when studying the relation-
ships between anthropogenic disturbance and wildlife.

Howler monkeys reduced the frequency of vocalizations
and increased locomotion time when they were in more dis-
turbed locations (i.e. areas where forest was not the predomi-
nant land use type) and were exposed to more nearby
noises. The likelihood of encountering humans should
increase with proximity to crops, pasturelands, constructions
and anthropogenic noise, so it is possible that howler mon-
keys try to remain unnoticed and move around more to
evade humans under higher encounter risk but tend to freeze
(i.e. no locomotion) when intruders are actually present.
Additionally, compared to forested areas, less forested loca-
tions were infrequently used, supporting previous evidence
that wildlife avoids disturbed areas (e.g. Pfister, Harrington
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& Lavine, 1992; Constantine, 2001). The fact that vigilance
was positively related with the imminence of encounters
with humans (i.e. nearby noise) is consistent with the possi-
bility that risk perception is the mechanism underlying
behavioral responses to disturbance (Tablado & Jenni,
2017). Therefore, we provide evidence that, similar to other
wildlife (e.g. Visser et al., 2016; B€otsch et al., 2018), how-
ler monkeys adjust their behavior to different types of
anthropogenic disturbances, and it is possible that the inten-
sity of their responses (i.e. avoid vs. freeze) is coupled with
the perceived risk of encounters with humans. It remains
for future research to address whether interactions between
habitat spatial patterns and human presence, which could
not be tested in this study, may act synergistically on man-
tled howler monkeys (Fern�andez-Juricic, 2000; Gill, 2007;
B€otsch et al., 2018).

Whereas the behavior of howler monkeys was affected
by both habitat spatial patterns and human presence, fGCM
concentrations were only related to the latter, suggesting
that habitat spatial patterns are less of a challenge than
human presence (B€otsch, Tablado & Jenni, 2017; B€otsch
et al., 2018). It is possible that, following spatial distur-
bance (e.g. habitat loss), individuals adjust to the new spa-
tial attributes of their habitat through, for instance,
behavioral flexibility (Hockings et al., 2015). In this sense,
spatial disturbance would represent a predictable environ-
mental challenge, to which howler monkeys respond
with behavioral coping strategies (Lowry, Lill & Wong,
2013). In contrast, human presence could be usually unpre-
dictable, and howler monkeys reacted to it by activating the
physiological stress response.

Interestingly, although intruder presence has been gener-
ally found to affect the physiological stress response of
wildlife (Busch & Hayward, 2009), in our study its impor-
tance was not particularly high. This result supports the
suggestion that freezing in the presence of intruders may be
a sufficient behavioral coping strategy to buffer the physio-
logical stress response. Alternatively, this could result from
habituation to human intrusion. If this was the case, given
the involvement of glucocorticoids in metabolic processes
(Sapolsky, Romero & Munck, 2000), the fGCM response
to nearby noises could result from the energetic costs of
increasing locomotion (Dias et al., 2017), rather than from
psychological activation of the physiological stress response
associated with fear. In any case, howler monkeys are
responding to anthropogenic disturbance, and both behav-
ioral and physiological modulation may entail costs.

Our study does not address the fitness consequences of
the responses of howler monkeys to anthropogenic distur-
bance, but there is sufficient evidence in the literature to
infer that they may be costly. First, given that time is
inelastic (Dunbar, Korstjens & Lehmann, 2009), changes in
one time-budget component, as in the case of locomotion
and vigilance in our study, imply trade-offs with other com-
ponents (Beckmann & Berger, 2003; Fleischer, Bowman &
Woolfenden, 2003; Ord�o~nez-G�omez et al., 2016). There-
fore, even if behavioral flexibility allows coping with time-
budget adjustments without incurring fitness costs (AbramsT
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& Schmitz, 1999), the long-term impact of such human-in-
duced variation is less clear. It has been predicted, for
instance, that under certain climate change scenarios, varia-
tion in time-budgets may be insufficient to allow for survival
(Lehmann, Korstjens & Dunbar, 2010), and that energy-de-
manding time-budgets may reduce the fecundity of howler
monkeys living in small forest fragments (Rangel-Negr�ın
et al., 2018). Second, although the fitness consequences of
glucocorticoid modulation in wildlife in response to anthro-
pogenic disturbance are still unclear (Bonier et al., 2009;
Boonstra, 2013; Beehner & Bergman, 2017), there is evi-
dence that stress physiology may be critical for individual
survival when facing unpredictable challenges (Romero &
Wikelski, 2010). Third, noise could interfere in the long-dis-
tance communication of howler monkeys, affecting spatial
regulation among groups and ultimately, social organization.
Thus, from a conservation standpoint, it may be more pru-
dent to promptly employ measures to reduce the behavioral
and physiological responses of wildlife to anthropogenic

disturbance than to wait for more evidence of fitness conse-
quences to become available before starting to employ such
measures.

Our results have implications for the management of this
population. The most obvious recommendation is that howler
monkeys could benefit from a reduction of anthropogenic
noise, which could be accomplished through an environmen-
tal education program to increase awareness on the impact
of human activities on howler monkeys. This may be facili-
tated by the fact that one of the aims defined in the manage-
ment plan of this biosphere reserve is to ‘mitigate the
impacts of anthropogenic disturbances that are detrimental
for the ecosystems’ (Diario Oficial, 2009: pp. 50).

In sum, as many other protected areas, Los Tuxtlas is a
complex mosaic of original and anthropic habitats where
humans and wildlife interact in many ways. We found that
howler monkeys respond to such interaction by modulating
their behavioral and physiological stress response. Therefore,
our study provides avenues for future investigation on the
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Figure 2 Models of behavioral and physiological responses of mantled howler monkeys to anthropogenic disturbance: (a) vocalizations; (b)
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represented in bars as the sum of Akaike weights (∑Wi). We also indicate the values of pseudo-R2, i.e. the percentage of deviance

explained by complete models. Bar color represents the relationship between predictors and dependent variables (black = positive;

gray = negative), and stars represent cases in which the 95% confidence interval of model-averaged parameter estimate did not include

zero.
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relative effects of different types of human disturbance on
wildlife, as well as for the management of the endangered
Mexican mantled howler monkeys.
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