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Abstract

The understudied Hooded Capuchin (Sapajus cay) is the only representative of its genus in Paraguay. The species is distrib-
uted throughout the Upper Parand Atlantic Forest, a biome that historically covered most of eastern Paraguay but has been
reduced to small, isolated fragments by agricultural encroachment. Understanding group composition and demographics is
important for monitoring the viability of populations. In this study, video camera traps were used to monitor a single group
of Hooded Capuchins during their visits to a provisioning platform in a small Atlantic Forest fragment in Reserva Natural
Laguna Blanca, Departamento San Pedro, Paraguay. Video analysis enabled identification and assignation of age classes to
all 18 individuals of the group. Sex determination was possible for 8 adults, 2 subadults, and 2 juveniles. This scudy provides
the first information of group demographics and composition of wild Hooded Capuchins in Paraguay.
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Resumen

El poco estudiado capuchino de Azara (Sapajus cay) es el Gnico representante de su género en Paraguay. La especie esta
distribuida a lo largo del bosque Atldntico del alto Parand, un bioma que histéricamente cubrié la mayor parte del oriente
de Paraguay pero que ha sido reducido a fragmentos pequenos y aislados por el avance de la agricultura. Entender la com-
posicién de grupo y la demograffa es importante para monitorear la viabilidad de las poblaciones. En este estudio, trampas
de video cdmara fueron utilizadas para monitorear un grupo de capuchinos de Azara durante sus visitas a una plataforma
de aprovisionamiento en un pequeno fragmento de bosque Atldntico en la Reserva Natural Laguna Blanca, Departamento
San Pedro, Paraguay. El anilisis de los videos permiti6 identificar y asignar clases de edad a 18 individuos del grupo. La
determinacidn del sexo fue possible para 8 adultos, 2 subadultos y 2 juveniles. Este estudio prove la primera informacién de
la demografia y composicién de un grupo silvestre de Tufted capuchins en Paraguay.

Palabras clave: Bosque Atldntico, composicién de grupo, capuchino de Azara, Paraguay, trampeo con video cdmara.

Introduction

The taxonomy of the capuchins has long been debated. All
capuchins were historically classified in the single genus
Cebus, however Elliot (1913) split the capuchins into two
groups: those with “heads without tufts on males” and
those with “heads with tufts or ridges on males”. Hersh-
kovitz (1949, 1955) agreed with this separation but argued
Cebus apella should be classed as a member of the tufted
group. Hill (1960) reduced the 12 recognized species of
tufted capuchin to one, Cebus apella, with 16 subspecies.
Grooves (2001) recognized 4 species (C. apella, C. libidi-
nosus, C. nigritus and C. xanthosternos) with 13 subspecies.
Silva Jr. (2001) argued that, morphologically, the tufted
and untufted capuchins displayed sufficient differences to
be classified as separate subgenera: Sapajus (Kerr 1792) for
the tufted or robust species and Cebus (Erxleben, 1777) for

the untufted or gracile species. Studies of the mitochondri-
al genes 12§ and cytochrome & (Lynch Alfaro ez al., 2012)
and 10 distinct ALU elements (Martins et a/., 2014) have
since confirmed that Sapajus and Cebus diverged around
the late Miocene era, possibly as a result of the establish-
ment of the Amazon River (Hoorn ef /., 2010; Halsam,
2012). The present sympatry of Cebus and Sapajus species
observed in the Amazon Basin is thought to result from a
late Pleistocene invasion of Sapajus species from the At-
lantic Forest (Lynch Alfaro e al., 2012; Nascimento ez al.,
2015). Currently, 8 species are recognized within the Sapa-
jus genus (8. macrocephalus (Spix, 1823), S. apella (Linnae-
us, 1758), S. libidinosus (Spix, 1823), S. flavius (Schreber,
1774), S. xanthosternos, (Wied-Neuwied, 1826) S. robus-
tus (Kuhl, 1820), S. nigritus (Goldfuss, 1809) and S. cay
(Illiger, 1815)) and are distributed across all countries in
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South America except Chile and Uruguay (Lynch Alfaro
et al., 2012).

The Hooded capuchin (Sapajus cay) formerly known as
Cebus apella cay (Iiger, 1815) and C. libidinosus paraguay-
nus (Fischer, 1829), is found in south-east Bolivia, north-
ern Argentina, and Brazil (states of Goids, Mato Grosso,
Mato Grosso do Sul) and is the only representative of the
genus found in Paraguay (Wallace, 2015). In Paraguay, it
occurs in the humid semi-deciduous Upper Parand Atlantic
Forest throughout the east of the country (Lowen ez al.,
1996; Rylands ez al., 2013), but its range does not extend
into the Paraguayan Chaco (Stallings, 1985). In Paraguay,
the average group size for the capuchin has been estimated
at 7 individuals with a population density of 4 groups/km?
or 28 individuals/km? (Stallings, 1985). Across its range,
very little is known about the Hooded Capuchin and little
information exists regarding its reproduction, movement
and activity patterns, home range, and social organization
(Rylands ez 4l., 2013).

Baseline demographic analysis is essential for monitoring
the viability of a population (Lynch Alfaro er al., 2014).
Studying fluctuations in demographic factors can help to
determine the future viability of small, isolated popula-
tions of Neotropical primates (Belle and Estrada, 2005;
Strier et al., 2006). The effects of stochastic variation on
the fecundity and mortality rates in large populations will
be mitigated by the high number of individuals within the
population; however, in small or isolated populations such
variations can have serious consequences for the viability
of the population, increasing extinction risk (Colishaw
& Dunbar, 2000). Changes in group size can have effects
on behavior and ecology of populations. For example, in
muriquis (Brachyteles arachnoides), increases in population
size have been found to lead to increases in home range
size (Strier, 1993). A low proportion of juveniles or infants
may indicate reproductive problems in the population
(Colishaw & Dunbar, 2000; Lynch Alfaro ez al., 2014)
and sex ratio imbalances in a group or a population can
have a dramatic effect on the future number of breeding
males or females (Dunbar, 1988). Modelling of changes
in sex ratios on the viability of populations in muriquis
(Brachyteles arachnoides) have shown that slight deviations
in the sex ratio of neonates in favor of males can lead to
drastic reductions in population size (Strier, 1993 — 1994).
Other studies have shown that changes in demography
can lead to changes in levels of competition for mates or
even patterns of sex-biased dispersal (Strier, 2003; Jones,
2005; Strier, 2007). Age composition can have a significant
effect on the viability of a population. A group made up
of mainly young or old females will have a lower birth rate
than a group of females in their reproductive prime (Strum
& Western, 1982).

Previous studies have highlighted inherent difficulties
with the use of spot counts and direct observation as a
means of assessing group demography in arboreal primates

(Williamson & Fiestner, 2011), especially in areas where
troops are not fully habituated to human presence (Strier,
2007). In order to overcome these issues, alternative meth-
ods can be utilized. Motion-activated camera traps are an
effective non-invasive method for monitoring primates
(Kierulff e al., 2004; Tan et al., 2013; Pebsworth & LaF-
leur, 2014). Camera traps have been used successfully to
confirm species presence (Lhota et al., 2012; Bezerra et al.,
2014), provide information on activity patterns (Tan ez
al., 2013; LaFleur et al., 2014) and investigate life history
(Galvis ez al., 2014). In this paper, we report how video
camera trapping was used to provide the first information
on group composition for wild Hooded Capuchins (Sapa-
jus cay) in Paraguay.

Methods

Study Site

This study was carried out at Reserva Natural Laguna
Blanca (RNLB), San Pedro, Paraguay (23°49'52.0"S
56°17'42.2"\W). RNLB is a private nature reserve in east-
ern Paraguay and is home to two groups of Hooded Ca-
puchins. This 804 ha reserve is located in the transitional
zone between the Cerrado and Atlantic Forest ecoregions.
The reserve contains a small fragment of 243 ha of young
secondary Upper Parand Atlantic Forest, characterized by
deciduous, mesophytic, broadleaf plants (Lowen ez al.,
1996). Departamento San Pedro experiences average yearly
temperatures of 23 to 24°C, and an average yearly rainfall
of approximately 1400 mm (Cartes, 2008). The forest frag-
ment has a history of selective logging until 2010 when it
was classified as a reserve.

Data Collection

A provisioning station was constructed in an area of the
forest where the capuchins were regularly observed. The
station consisted of a 2 m high, 0.72 m? triangular plat-
form positioned 50 cm from a Chrysophyllum gonocarpum
tree (Fig. 1). A Primos Truth Cam Ultra 46 HD Trail
Cam (www.trailcampro.com) was secured to the tree with
a durable canvas strap. The camera has a 13.72 m detec-
tion range and uses an infrared sensor to detect body heat
and motion. The camera was set to record 60 seconds of
1,280x720p HD footage per trigger with a 5-second delay
between each trigger. Each 60-second video was automati-
cally marked with a date and time stamp.

The platforms were baited with between 5 and 10 kg of
whole ears of corn for a preliminary period of 16 trap days
between March 10th 2015 and May 30th 2015. A trap day
was defined as a full 24-hour period in which the video
camera trap was set. During this time, two visits were re-
corded at the station but the videos were not used in this
analysis. For 24 camera trap days between July 4th 2015
and the 4" August 2015, two 106SS model Tomahawk
traps were tied to the platform; with the door secured in
the open position by plastic cable zipties, and facing the
camera trap. Corn pieces and whole bananas were placed
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Figure 1. Provisioning Station. a. Video camera trap, b. Baited
Tomahawk traps, c. 2 m high, 0.72 m? triangular platform.

Figure 2. Camera trap frames of adult, subadult, juvenile, and
infant S. cay. 2A is the largest adult male, he has a very robust
lower jaw and smaller tufts that the adult female (2B). 2C and
2D show subadult individuals. 2C has a thinner pointed black
cap than 2D and 2D has pink marking under her eyes. 2E shows
a juvenile who is smaller than the subadults in comparison to the
Tomahawk traps. 2F shows the group’s only infant being carried
by the same female shown in 2B.

both inside the traps and loose in the center of the plat-
form. The Tomahawk traps were baited with 6 kg of ba-
nanas and halved ears of corn twice per week and videos
were retrieved from the SD memory card on a continuous
basis when the station was re-baited.

Data Analysis

All videos in which a capuchin appeared were reviewed
on a frame-by-frame basis. Screen shots were taken at all
opportunities when the face and body of individuals were
clearly visible. Individual identities were assigned to mon-
keys on each screenshot based on a variety of physical char-
acteristics including: 1) body size, shape, size, and color of

tufts 2) shape of the black cap on forehead 3) shape and

coloration of black and white facial masks and 4) distinc-
tive scars or wounds.

A sex was assigned to an individual when a clear image of
their genitalia was obtained. Individuals with robust facial
features, complete adult dentition, and the largest relative
body sizes were scored as “adults” (Fig. 2A and 2B) (Fra-
gaszy et al., 2004). The presence of elongated nipples,
indicative of lactation, was used to score the age and sex
of one smaller adult female. “Subadults” were classified as
individuals approaching adult body size but lacking the
characteristic robust facial features and tufts of the adults
(Fig. 2C and 2D). “Juveniles” were classified as individuals
that were less than three quarters of the average adult size,
not including tail length (Fig. 2E) (Oliveira & Langguth,
2006; Bezerra et al., 2014). “Infants” were classed as only
those individuals observed being carried by an adult (Fig.
2F).

Results

Over the 24 trap days during which the station was baited
the capuchins visited the platform on 11 occasions. A total
of 319 videos were obtained, resulting in 196 videos in
which at least one capuchin appeared (61.44%). Each in-
dividual appeared in the videos at least once during the 11
visits. A group of 18 individuals containing 3 adult males,
5 adult females, 5 subadults (2 females), 4 juveniles (2
males) and 1 infant was identified.

Discussion

Demographic comparisons of wild primate species across
forest fragments can be used to monitor the health and life
histories of different populations. Rapid and cost effective
assessments are necessary to establish baseline demographic
information for future spatial and temporal comparisons
across populations of a single species. These assessments
can be used to compare population densities, reproductive
parameters, patterns of natal dispersal, and group fission
and fusion events across multiple species (Lynch Alfaro
et al., 2014). Our results provide the first detailed demo-
graphic information of a group of wild hooded capuchins
(Sapajus cay) in Paraguay.

The group size of 18 individuals in Reserva Natural Laguna
Blanca is higher than the only previous estimate for Sapajus
cay in Paraguay (average group size: 7 (Stallings, 1985)),
though the total group size is more comparable to the aver-
age group size across the genus (Table 2). Group sizes and
compositions of the eight Sapajus species can vary within
and across different habitat locations (Tables 1 and 2). The
variability of group sizes across the genus may be indica-
tive of site-specific factors such as variable predation rates,
access to supplemental food sources, and anthropogenic
disturbances such as hunting and agricultural encroach-
ment (Cullen ez al. 2000; Fragazy ez al., 2004; Hankerson
& Dietz, 2014; Izar et al., 2012).
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Though few natural potential predators exist in the area,
the capuchins were hunted by local people (mainly for meat
and infants for the pet trade (Ayala, pers. com.)) until the
reserve was granted protected status in 2010. Predation has
been found to reduce the number of individuals in a group
(Irwin et al., 2009; Hankerson & Dietz, 2014) and affect
group composition by increasing the number ratio of adult
males to adult females (Hill & Lee, 1998). Even the loss of

one individual per year from the group can have important

consequences for group demographic structure (Fragaszy et
al., 2004). A reduction in the number of breeding females
would likely have a large impact on the future of the group,

as the percentage of juveniles and infants in the group is
already below the mean for the genus (Table 2).

Table 1. Study results and mean group size and composition across the genus Sapajus.

Species

Group Size -

No .of
Adult Adult
Males Females

No. of

No. of
Subadults

No. of
Juveniles

No. of
Infants

Source

S. cay

18 -

3 5

5

4

This study

Species

Mean
Group Size

Group Size
Range

Mean No. | Mean No.
Males Females

Mean No.
Subadults

Mean No.
Juveniles

Infants

Mean No.

S. cay
(Paraguay)

12.5 7-18

Stallings, 1985; This
Study

S. cay (Brazil)

20.5 20-21

7.5

Pinto, 2006; Fernandes
Jr., 2013;

S. macrocephalus

8.3 2-21

1.8 2.1

0.65

2.8

0.8

Klein & Klein, 1976;
Izawa, 1980; Defler,
1982; Soini, 1986;
Rylands ez al., 2013

S. libidinosus

21.8 6-45

3.4 7

1.25

2.5

Freitas et al., 2008; Izar
et al., 2011; Massaro

et al., 2012; Carretero-
Pinzén, 2013; Falético
& Ottoni, 2013

S. nigritus

20.6 7-44

2.4 5.6

2.6

6.8

2.5

Lynch & Rimoli, 2000;
Di Bitetti & Janson,
2001; Lynch-Alfaro,
2007; lzar et al., 2011;
Garber et al., 2012;
Janson ez al., 2012;
Liebsch & Mikich,
2015

S. xanthosternos

14 9-27

Canale et al., 2013

S. robustus

15.7 8-23

Martins, 2010;
Mittermeier et al. 2015

S. flavius

40.2 7-77

15

37

Pontes et al, 2013;
Rodrigues, 2013;
Bastos et al., 2015;
Mittermeier et al. 2015

Table 2. Study results and percentage group composition across the genus Sapajus.

% Adult Males % Adult Females % Subadults % Juveniles % Infants
S. cay (Paraguay) 16.67 27.78 27.78 22.22 5.56
S. cay (Brazil) 29.9 29.9 9.91 36.6 -
S. macrocephalus 9.09- 25 20- 50 0-20 22.22- 60 0-31.25
S. libidinosus 7.14-17.78 21.43 - 35.56 0-21.43 22.22-42.86 17.39- 33.33
S. nigritus 9.52-17.86 25-62.5 0-25 0-39.28 0-21.43
S. xanthosternos 14.29 21.43 28.71 28.57 7.14
S. robustus 13.3 26.67 6.67 - -
S. flavius 24.8 37.3 - 92.04 17.4

Species classification based on Lynch Alfaro e al. (2012).
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Access to supplemental food sources can increase the size
of populations. In Parque Nacional de Brasilia, Brasilia,
Brazil, the capuchins have become accustomed to being
fed by tourists and their population has increased exponen-
tially (Fragaszy et al., 2004). In Japanese macaques (Macaca
fuscata) access to supplementary food sources, in the form
of human rubbish dumps, has been found to decrease feed-
ing competition and increase female fertility, leading to in-
creases in group size (Asquith, 1989; Muruthi ez a/., 1991).
The forest fragment of RNLB is bordered on two sides by a
large crop field. The capuchins have been seen raiding the
crops during the season when corn is grown (Pers. obs.).
Though the lack of information from various sites across
Paraguay prevents a definitive answer, it may be that the
group size in RNLB is related to this supplemental food

access.

Within Paraguay, encroachment of soy plantations and
cattle farming have had devastating effects on the country’s
native forest and as a result it is becoming more important
to assess wildlife populations in isolated fragments (Huang
et al., 2007). With less than 13% of this forest remaining
(WWE 2015), continued habitat fragmentation surround-
ing RNLB and across Paraguay has the potential to further
isolate remaining populations of Sapajus cay. Habitat frag-
mentation can have significant impacts on group demo-
graphic structure. Initially, habitat fragmentation can lead
to unnaturally high densities of primates, increasing feed-
ing competition within and between groups (Strier, 2007).
Decreases in available habitat can affect dispersal patterns.
For example, red howler monkeys living in small forest
fragments show increased rates of female dispersal, leading
to an increased troop density within the fragment (Crock-
ett, 1996). In contrast, mantled howler monkeys (Alouatta
palliata) have been found to remain in their natal groups
causing group size to increase as habitat decreases (Crock-
ett, 1998). In RNLB the 414 ha forest fragment is home to
two groups of hooded capuchins. At present, there is no in-
formation available for the home ranges of this species but
home ranges of Sapajus nigritus in Iguazi National Park,
Argentina have been found to average 161.77 ha (range=
814293 ha, n=7) (Di Bitetti, 2001). If S. cay have similar
home ranges to S. nigritus then the troop density in RNLB
is not abnormally high. The higher number of individuals
in the group compared to Stallings (1985) average group
size of 7 may be a result of the isolated nature of the forest
fragment. However, as the forest at RNLB only became cut
off from surrounding fragments within the last 10 -15 years
(Ayala, pers, comm.) future monitoring will be required to
establish long term effects of habitat fragmentation on the
group’s demographic structure.

We have demonstrated that video camera trapping has
great potential for rapid demographic assessment of semi-
or unhabituated arboreal primates in areas of rugged terrain
or with non-sexually dimorphic species. Using tomahawk
traps made the food items harder to access, forcing the ca-
puchins to remain within sight of the video camera for long

periods of time to obtain a food reward. These extended
visits produced sufficient videos to identify individuals and
made determination of sex possible for the majority of sub-
jects. Though we had success over the course of this study,
long-term provisioning of wild primates has been known
to alter behavior, development and demographic structure
(Asquith, 1989; Lyles & Dobson, 1988; Fedigan, 2010),
therefore, the use of a baited provisioning platform is rec-
ommended only for short-term assessments and not long-
term studies of demographic changes.

This novel information on the group composition of wild
Sapajus cay population in Paraguay provides a baseline
from which changes in group structure can be monitored,
facilitating future studies on the effects of living in the
remnants of the Paraguayan Atlantic Forest, a topic of in-
creasing importance to the conservation of wild primates

(Lynch Alfaro ez al., 2014).
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