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Abstract

Terrestriality in Platyrrhine primates is primarily associated with low arboreal resource availability, low predation risk
when on the ground and increased contact time with human observers. To test the relationship between these variables and
ground use frequency, we studied a group of endangered Coimbra-Filho’s titi monkeys (Callicebus coimbrai) in a 14-ha for-
est fragment in north-eastern Brazil. Terrestriality data were collected on a monthly basis (33 months) using scan sampling
procedures from July 2008 to July 2012. Overall, Coimbra-Filho’s titi monkeys were recorded during 0.6% of observation
time (113 out of 18,164 scans) on the ground. Most of the time on the ground was spent feeding on young leaves (71 records)
and the least amount of time on fruits (14 records). Availability of arboreal foods, rainfall, and time of contact with human
observers did not influence overall terrestrial behaviour (ground use). However, the timing and nature of the monkeys’ terres-
trial feeding was strongly related to the absence of arboreal fruit (f-estimate = —3.078) and young leaf (f-estimate =—3.515)
food resources. We suggest that terrestrial feeding by Coimbra-Filho’s titi monkeys could be an adaptation to low arboreal
fruit availability and the exploitation of alternative food resources.

Keywords Arboreal food resources - Brazil - Callicebus coimbrai - Human habituation - Predation risk - Predator-sensitive
foraging

Introduction behaviour. This includes the period when researchers are
habituating study animals so that their presence even-
Within the landscape of fear (sensu Laundré et al., 2001:  tually causes minimal stress and impact on the primate

topic review Bleicher 2017), the presence and disper-  study group (Williamson and Feistner 2003). During this
sion of predators may have a profound effect on primate  time, the presence of humans can affect the behaviour of

unhabituated or partially habituated animals, provoking
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vigilance-related behaviours and ranging patterns (Tutin
and Fernandez 1991; Cipolletta 2003; Doran-Sheehy et al.
2004). Faecal cortisol levels may also be elevated (Jack
et al. 2008), indicating stress—which can reach extreme
levels (Shutt et al. 2014). The impacts on primate group
dynamics and on the interpretability of study group behav-
iours are made more complex still by the fact that sex and
age cohorts often habituate at different rates (Ando et al.
2008).

However, human presence may also alter the behaviour of
habituated groups (Crofoot et al. 2010), including increased
frequency of risky behaviours once a group makes the asso-
ciation between human presence and absence of predator
species such as canids and felids (Nowak et al. 2014). Fur-
thermore, human presence can act to protect chimpanzees
against potential human poachers (Campbell et al. 2011).
This “human shield effect” can have profound implications
for the ranging behaviours of both prey and predator in a
given habitat (Berger 2007). Another effect within the land-
scape of fear is habituation to human presence. For instance,
titi monkeys have been observed to spend more time on a
risky behaviour (terrestriality) when the study period was
longer (Souza-Alves et al. 2019).

One possible consequence of the changing perception
of the landscape of fear as primates become habituated to
human presence is the progressive appearance of riskier
behaviour patterns, such as decreased vigilance, increased
resting, and increased feeding on or near the ground. For
example, habituated samango monkeys (Cercopithecus mitis
erythrarchus) fed closer to the forest floor in the presence of
human observers, an occurrence attributed to their increased
sense of security under such circumstances (Emerson et al.
2011; Nowak et al. 2014). It has been suggested that behav-
ioural researchers may be perceived as shields against terres-
trial predators during such otherwise risky feeding activities
(Nowak et al. 2014).

Predator-sensitive foraging characterizes many primates,
and is influenced by biological, social, and/or environmental
variables (Miller 2002). Primates may reduce foraging suc-
cess to diminish predation risk (Abrams 1994). For example,
baboons (Papio cynocephalus ursinus) choose low-quality
food to reduce the possibility of predation (Cowlishaw
1997), while golden-backed uacaris (Cacajao ouakary)
avoid large seed patches near dense vegetation from which
felids could ambush them (Barnett et al. 2012a). Other spe-
cies use alternative routes to obtain high-quality food. Blue
monkeys (Cercopithecus mitis stuhlmanni), for instance,
preferentially consumed fruit on trees with dense foliage,
thus avoiding predation by African crowned eagles (Stepha-
noaetus coronatus) (Cords 2002). In this sense, primates
could use the “human shield effect” to expand their foraging
area during seasonal shortages to access high-quality alter-
native foods (for example, young leaves due to high protein
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concentrations: Lambert 2011) that might otherwise be
highly risky to obtain.

Although it was found that capuchin monkeys (Sapajus
libidinosus) living in tropical dry forest spent 44% of their
time on the ground (Faldtico 2011), where they used stone
tools to obtain embedded foods and dig for subterranean
resources (Visalberghi et al. 2005), among the almost-
entirely arboreal platyrrhines, terrestriality is generally
observed only under specific ecological circumstances, such
as foraging on ephemeral ground-based food resources, vis-
ing salt or soil licks, or escaping predators (Barnett et al.
2012b; Campbell et al. 2005; Mourthé et al. 2007; Souza-
Alves et al. 2019). Overall, terrestrial behaviour in neotropi-
cal primates is generally rare, usually constituting less than
5% of the annual time budget of species of the pitheciid
genera Cacajao, Chiropotes, and Pithecia (Barnett et al.
2012b). This is considered to be due to the inherently risky
nature of such behaviours. However, titi monkeys (Callice-
bus, Cheracebus, Plecturocebus sensu Byrne et al. 2016)
use the forest floor extensively (Souza-Alves et al. 2019).
As the presence of human observers tends to make preda-
tors more cautious (Muhly et al. 2011; Shannon et al. 2014;
Wilmers et al. 2013) and sometimes more nocturnal (Beale
and Monaghan 2004), primates in a given region may be
expected to show more risk-taking behaviours as the level
of habituation increases.

In the present study, we test whether habituation to human
presence influenced ground use frequency and on-ground
behaviour in a group of Coimbra-Filho’s titi monkeys Cal-
licebus coimbrai. This endangered primate was described in
1999 (Kobayashi and Langguth 1999), and occurs in small
and isolated coastal Atlantic forest fragments in north-east-
ern Brazil (Jerusalinsky et al. 2006). Individuals can usually
be found on the low- and medium-height forest strata feeding
primarily on fruit pulp (principally from Myrtaceae, Per-
aceae, Sapotaceae, and Fabaceae) (Souza-Alves et al. 2011).
However, young liana leaves are a major food item when
fruit availability is seasonally reduced (Souza-Alves et al.
2011). The time budget is dominated by resting during the
hottest parts of the day, followed by feeding and moving
(Souza-Alves et al. 2012, 2013). For the current study, we
examined a recently habituated C. coimbrai group occupying
a 14-ha forest fragment in north-eastern Brazil. Since there
were potential ground-active predators in the study area
(including cougars Puma concolor and tiger cats Leopardus
sp.: see Chagas et al. 2010), we hypothesised that titi mon-
keys gradually learned to associate the presence of research-
ers with decreased predation risk. This hypothesis predicted
that the cumulative effect of the presence of researchers
would result in the titi monkeys engaging more frequently in
risky behaviours. We tested this prediction by measuring the
frequency of a risky behaviour (terrestriality) over the course
of a 33-month study, beginning immediately following the
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habituation of the study group. We controlled for the effect
of potentially relevant ecological factors, including rainfall,
arboreal fruit, and young leaf availability. We predicted that
the marked reduction in, or loss of, fear towards humans dur-
ing the habituation process (i) would result in an increase in
ground use. If the prediction above was false, we predicted
that (iia) terrestrial behaviour would consist mostly of for-
aging-related (frugivory and folivory) behaviours, and that
(iib) terrestrial behaviour to exploit alternative high-quality
food resources (e.g. ground-level young leaves) would occur
mostly when preferred food sources (arboreal fruits) were
scarce.

Methods
Study site and study group

The study was conducted in a 14-ha forest fragment at
Fazenda Trapsa (11° 12" S, 37° 14" W), at the southern
region of Sergipe state, north-eastern Brazil (see Souza-
Alves 2013 for more detail). The area contained a mosaic
of forest compositions of different ages and states of regen-
eration, including areas burned off in 2008, the year before
the study began. The vegetation structure in the study for-
est fragment conforms to a coastal Atlantic Forest, with a
relatively low and well-connected canopy and trees rarely
exceeding 15 m in height (Souza-Alves et al. 2014, 2018).

Rainfall data were obtained from information collected
by a meteorological station located within a research sta-
tion, RPPN Caju, run by the state division of the Brazilian
Government Agricultural Service (EMBRAPA-Sergipe),
located 1 km from the study site. During an 11-year period
(2000-2011) the annual mean rainfall was 131 mm (Semarh
2017). In the region, the driest period usually occurs between
September and January (mean 49.3 mm), and the rainiest
period from February to August (mean 172 mm) (Semarh
2017). The Koppen classification characterizes the regional
climate as As (tropical zone with dry summer: Alvares et al.
2013).

After 18 days of habituation in June 2009 (see Souza-
Alves and Ferrari 2010), we were familiar with the titi mon-
key study group’s ranging pattern. Thus, we were able to
monitor the group reliably and continually for 33 months,
from July 2009 to July 2011 (25 months), November 2011
to February 2012 (4 months), and April 2012 to July 2012
(4 months), from dawn to dusk (05:00-18:00) during four
or five consecutive days per month. Group structure and
composition varied across the study period; however, at the
end of the study the group contained two adult males, one
adult female, and one juvenile female (Table 1). In total, five
individuals were observed during the study.

Data collection

Quantitative behavioural data were systematically collected
using scan sampling protocols (Altmann 1974), with 1-min
scans conducted at 5-min intervals. Typically, the data were
collected by two observers (JPS-A and IPF) with the aid
of a field assistant. Ground use was recorded when any
individual of the study group was in full contact (defined
as all limbs touching the ground or within one stride cycle
of doing so) with the forest floor. Individuals close to the
ground (< 1 m) were not considered instances of ground use.
We recorded the following ground-level behavioural catego-
ries: feeding (eating any form of ingestible, solid resource),
foraging (explicitly moving the head or body in search of
food), and non-feeding behaviours (social, move, rest). For
feeding, we recorded whether the food item was associated
with frugivory, folivory, insectivory, geophagy, or other (e.g.
bark, flowers, fungi).

Behavioural data

During group scans we recorded whether an individual
was on the ground and the behavioural activity on the
ground. Observation times for each individual were quanti-
fied in relation to the number of months spent monitoring
the group. Although the size of the study group was small
(five individuals, not unusual for titi monkeys, see Bicca-
Marques and Heymann 2013), in primate studies the validity

Table 1 Study group structure

Structure and composition of Coimbra-Filho’s titi monkey group

7 Study chronology
and composition over the
observation period July 2009 M1
May 2010 M1
December 2010 Ml
June 2011 M1
July 2012 Ml

F1 SB1 (Black Face—BF) 11
F1 BF emigrated J1
F1 J1 Nbl
F1 SB2 12 BF returned
to the natal
group
F2 12 BF (M2)

F adult female, M adult male, SB sub/adult, J juvenile, / infant, Nb newborn
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of behavioural and ecological data is rarely limited by group
size per se, as these aspects show strong genetic consist-
ency and phylogenetic inertia (Majolo et al. 2008). More
important than group size is the number of observation hours
(Setchell and Curtis 2012; Ross and Reeve 2012).

Environmental data

We also documented the monthly availability of arboreal
food resources, following the methods of Hilty (1980). Ini-
tially, we randomly selected four existing trails each month
to serve as transects and monitored them over a width of
10 m (5 m on each side of the trail). We surveyed transects
once per month in both directions to quantify the number of
trees bearing fruit and new leaves. This method of assess-
ing availability of fruit and young leaves has previously
been used with success in the study area (Souza-Alves et al.
2011).

Data analysis

For each month, we quantified the overall frequency of ter-
restrial behaviour for individual titi monkeys, as well as
overall feeding-related behaviours, non-feeding behaviour,
folivory, and frugivory. We then used the mean monthly val-
ues (+ SD) of these variables and environmental data in all
subsequent analysis.

To test our first prediction, we fitted a generalized least
squares (GLS) model using recorded terrestrial frequencies
as the dependent variable against observer contact duration,
with a temporal correlation structure to account for the repet-
itive measures of the study group. We also fitted another
GLS model, assuming a rationalization of the standard linear
equation (Y=a+ b X 1/X) to account for an asymptotic rela-
tionship (i.e. the number of terrestrial records increases at
the beginning of the habituation process, and then remains
constant). A sample size-corrected Akaike information cri-
terion (AICc) (Burnham and Anderson 2002) was used to
choose the best model. To further explore the frequency of
terrestrial behaviour, we fitted a GLS model with a similar
temporal correlation structure; however, we used observer
contact duration, rainfall level, arboreal fruit, and young leaf
production as predictor variables. We adopted GLS models,
as they allow for the specification of correlations between
the residuals which result from non-independence of obser-
vations (repetitive measures of the same group in our case)
(Zuur et al. 2009).

Finally, to address our second prediction, we tested the
frequency of terrestrial activities against arboreal fruit
and young leaf production. Terrestrial behaviour was

classified as “non-feeding”, “folivory”, and “frugivory”,
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and treated as the dependent variable. We adopted zero-
inflated regression models with negative binomial dis-
tribution (Cameron and Trivedi 1998) to account for the
high number of zeros after splitting the behavioural data
into categories. In these models, cumulative observer
contact duration was included as offset to control non-
independence of observations. All statistical analyses were
performed with R version 3.5.0 software (R Core Team
2018). The GLS models were fitted using nlme (Pinheiro
et al. 2020), the zero-inflated regression models were fit-
ted using pscl (Zeileis et al. 2008) and the graphs using
ggplot2 (Wickham 2016) packages.

Results

We observed titi monkeys on the ground in 113 (0.6%) of
18,164 scans conducted across 33 months of monitoring
(range of frequency per month: 0-21; mean: 3.2 + SD 4.8)
(Supplementary Material 1). When on the ground, the titi
monkey group engaged more frequently in feeding-related
behaviours (2.6 + SD 4.6 records/month) than non-feeding
behaviours (0.8 + SD 2.1). In trees, the opposite was true,
with the group more frequently displaying non-feeding
behaviours (781 + SD 187) than feeding-related behaviours
(393 +126). Of the feeding behaviours, folivory was more
common (2.2 +SD 3.5 records/month) than frugivory
(0.4 £SD 1.8). In trees, frugivory was more common
(176 = SD 107 records/month) than folivory (62 + SD 41).
We did not see invertebrates being consumed by titi mon-
keys during periods of terrestrial activity.

The asymptotic model had a better fit than the linear
model (delta AICc=4.95), but the frequency of terres-
trial records was not related to the duration of observer
contact (GLS: p-estimate=—0.11; p=0.211). This was
true after including other predictor variables (availability
of arboreal fruit and young leaves, rainfall, human con-
tact) in the model (Fig. 1). The frequency of terrestrial
records for titi monkeys was not related to the availability
of arboreal fruits (f-estimate=—0.11; p =0.245) or arbo-
real young leaves (#-estimate = —0.09; p =0.347), rainfall
level (#-estimate =—0.02; p=0.822), or human observer
contact duration (f-estimate =—0.13; p=0.174). Thus, our
first prediction (i) was not supported.

When the titis were on the ground, the consumption of
fruits (f-estimate =—3.078; p=0.043) and young leaves
(p-estimate =—3.515; p<0.001) showed a negative rela-
tionship with arboreal fruit availability (Table 2, Fig. 2).
In addition, a negative relationship was found between
folivory (f#-estimate =—0.815; p=0.025) on the ground
and availability of arboreal young leaves (Table 2, Fig. 2).
Both model results support predictions (iia) and (iib).
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Fig. 1 Response of Coimbra-Filho’s titi monkeys terrestrial records to
a time of human observer contact, b arboreal fruits, ¢ arboreal young
leaves, and d monthly rainfall, as indicated by the GLS model. Plots

Table2 Summary of zero-inflated regression model statistics for the
amount of terrestrial non-feeding behaviours, folivory, and frugivory
on the ground related to predictor variables: number of arboreal

Arboreal young leave s Monthly rainfall

use partial residuals of the response variable and thus show the effect
of a given predictor while controlling the effects of remaining predic-
tors (explaining the negative values)

fruits, number of arboreal leaves, rainfall level, and duration of con-
tact with human observers

Predictor Terrestrial non-feeding behaviours Folivory Frugivory
z p Z p Z p
Arboreal fruits 1.820 0.105 0.101 0.919 -2.016 0.043
Arboreal young leaves —1.837 0.066 —2.227 0.025 -3.319 <0.001
Rainfall —0.933 0.350 -1.323 0.185 —1.830 0.943
Significant p values are in bold
Non-feeding Folivory Frugivory
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Fig.2 Beta coefficients (+standard errors) of the count models for non-feeding, folivory and frugivory behaviours, when Coimbra-Filho’s titi

monkeys are on the ground. Significant results are showed in blue

Discussion

We did not find evidence of an association between overall
frequency of terrestrial behaviour in the study titi monkey
group and availability of arboreal food resources, rainfall
level or observer contact duration. However, we found
that folivory increased with increasing observer contact
duration. In addition, the titi monkeys showed increased
frugivory and folivory rates on the ground when arbo-
real fruits were scarce and increased folivory rates on the
ground when young leaves were less available. In this
sense, although prediction (i) was not supported, it seems

likely that the scarcity of arboreal fruits, young leaves and
human presence drove the monkeys to exploit food on the
ground, thereby supporting predictions (iia) and (iib).
The frequency of titi monkey terrestrial behaviour did not
increase with increasing observer contact duration. Increas-
ing contact with observers during the habituation process
is known to result in more infrequent activities, such as the
terrestrial behaviour in several species (Ateles spp.: Camp-
bell et al. 2005; Brachyteles hypoxanthus: Mourthé et al.
2007, Tabacow et al. 2009; Presbytis rubicunda: Cheyne
et al. 2018), including titis (Callicebus, Cheracebus, Plec-
turocebus: Souza-Alves et al. 2019). Although our data do
not indicate that titi monkeys are likely to lose their fear of
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humans and descend to the ground more often, additional
data on terrestrial behaviour with and without the presence
of humans may yield different results. Accordingly, a more
robust test of the influence of human presence on any ter-
restrial activity would complement scan sampling with a
camera trap system to track terrestrial behaviour, as recently
conducted for Sapajus cay in Paraguay (Smith and Briggs
2016).

While seasonality seems to be the overriding driver of
terrestrial feeding behaviour in titi monkeys, it may not be
the case universally. Moreover, folivory was correlated with
observer presence. Primates are adept at assessing predation
risk (Barnett et al. 2017, 2018; Suscke et al. 2017; Zuber-
biihler et al. 1999). In the presence of humans, the preda-
tion rates on primates are often greatly reduced (Isbell and
Young 1993; Kummer 1995; Stanford 1998).

For titi monkeys, consuming fruits and young leaves
on or near the ground became a feasible alternative during
periods when other resources were in short supply (Souza-
Alves et al. 2011). However, in the presence of humans,
our monkeys appeared sufficiently confident to come to the
ground to exploit additional folivorous resources, such as
the leaves of low-growing plants. On burned and open areas,
this included exploiting the leaves of a small herb (Lippia
sp.—Verbenaceae), the low-growing vine Adenocalymma
comosum (Bignoniaceae), and a shrub (Paypayrola blan-
chetiana Violaceae) (Souza-Alves, JP—unpublished data).

Seed extraction generally involves dental and manual
processing of the fruit, and it can be noisy (Overdoff et al.
2002). The fact that leaves rather than fruits were eaten
on the ground by titi monkeys may be related to the way
in which such foods are eaten, and the differing levels of
risk involved. Adenocalymma comosum and P. blancheti-
ana leaves needed to be individually plucked from the plant
(sometimes done directly with the teeth and lips). In con-
trast, exploited fallen fruit (e.g. Passiflora contracta, Pas-
sifloraceae) were individually picked up off the ground and
taken up into a tree to be eaten, before another was retrieved
from the ground and eaten. Leaves were eaten sequentially
on the ground, meaning that the time during which the forag-
ing animal was terrestrial was longer. This, in addition to the
fact that dental plucking resulted in periods when a foraging
titi monkey could not see predators, made leaf-foraging indi-
viduals more vulnerable to both terrestrial and aerial preda-
tors (for such encounters between primates and raptors see
Barnett et al. 2015). It also appears riskier for titi monkeys
to forage on young leaves than fallen fruits. Therefore, it
seems that our titi monkeys applied predator-sensitive forag-
ing, using the human shield effect, to safely consume young
leaves on the ground.

The use of camera trap systems as a supplementary
procedure could provide data on the frequency of risky
behaviours such as terrestrial activity before, during, and
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after a habituation process (Boyer-Ontl and Pruetz 2014;
Bezerra et al. 2014; Porfirio et al. 2017; Cheyne et al. 2018),
while also providing information on the presence of poten-
tial predators. It is possible that potential predators are not
driven away by humans, as proposed in the humans-as-shield
hypothesis; this might be especially true for snakes (docu-
mented titi predators: Cisneros-Heredia et al. 2005). Moreo-
ver, individuals to be studied need to be habituated to the
novelty of camera traps in their habitat to reduce curiosity
and fear (see Kalan et al. 2019). A further useful supplement
would be auto-vocalization registration technology (Hein-
icke et al. 2015). The distance between observers and study
groups at which an animal exhibits discomfort is often used
as a measure of the progress of habituation (e.g. Barnett
2010). We suggest that monitoring increases in terrestrial
behaviour across observation periods can provide an addi-
tional metric by which the level of habituation to human
presence may be estimated.

Finally, it should be noted that the titi monkey study
group was already habituated, possibly fully so. Thus, any
additional time spent with the group would not change the
high frequency of feeding/forage behaviours under peri-
ods of high and low availability of arboreal food resources.
Despite the possibility of predation, using the forest floor
seems to be inevitable in the search of alternative food such
as leaves. Furthermore, the exploitation of food resources on
the ground may be associated with the avoidance of potential
predators due to human observer presence (trade-off between
foraging and predation risk). Accordingly, we recommend
that future studies using the methods proposed above be con-
ducted on initially unhabituated groups. Studies would be
further improved if comparisons could be made with partly
and fully habituated study groups.
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