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Abstract

We report results from the first systematic survey and ecological observations of primates of the Area de Conservacién
Privada Panguana (ACPP), located in Peruvian Amazonia between the Sira Mountains, the eastern slopes of the Andes and,
the Gran Pajonal. Seven primate species (Leontocebus leucogenys, Saimiri boliviensis peruviensis, Cebus yuracus, Aotus nigriceps,
Alouatta seniculus, Plecturocebus discolor, Pithecia inusta) were encountered during the study. Their group sizes were within
ranges reported for the same or for related species at other sites, but tended to range at the lower end of group size values.
No habitat preferences were detected except for L. leucogenys and S. boliviensis peruviensis who were more frequently encoun-
tered around or within forest gaps. Plant species or genera consumed during our observations coincide with species and
genera reported from other areas, and several are also used by humans. ACPP is an important natural refuge in a landscape
otherwise that is increasingly altered by human activities.

Keywords: Leontocebus leucogenys, Saimiri boliviensis peruviensis, Cebus yuracus, Alouatta seniculus, Plecturocebus discolor,
Pithecia inusta, group size, habitat use, diet

Resumen

Reportamos los resultados del primer estudio sistemdtico y observaciones ecolégicas de los primates del Area de Conserva-
cién Privada Panguana (ACPP), ubicada en la Amazonia peruana entre los Cerros de El Sira, los vertientes orientales de los
Andes, y el Gran Pajonal. Encontramos siete especies de primates (Leontocebus leucogenys, Saimiri boliviensis peruviensis, Ce-
bus yuracus, Aotus nigriceps, Alouatta seniculus, Plecturocebus discolor, Pithecia inusta). El tamano de los grupos estuvo dentro
del rango reportado para las mismas especies o especies relacionadas en otros lugares, pero tendieron hacia los valores inferi-
ores. No se encontraron preferencias de habitat, salvo en L. leucogenysy S. boliviensis peruviensis, que fueron encontradas con
mayor frecuencia cerca o dentro de claros del bosque. Especies o géneros de plantas consumidas durante las observaciones
coinciden con especies o géneros reportados para otras dreas, y varios de ellos son también explotados por humanos. ACPP
es un refugio natural en un paisaje cada vez mds alterado por actvidades humanas.

Palabras clave: Leontocebus leucogenys, Saimiri boliviensis peruviensis, Cebus yuracus, Alouatta seniculus, Plecturocebus discolor,
Pithecia inusta, tamano grupal, uso de hdbitat, dieta

Introduction

Founded in 1968, Panguana is the oldest biological re-
search station in Peru. In 2011, it was officially recog-
nized by the Peruvian Ministry of the Environment as a
private conservation concession, the Area de Conservacién
Privada Panguana (ACPP; https://en.wikipedia.org/wiki/
Panguana). It is located in western Amazonian lowlands,
but rather isolated from the major tracts of Amazonian
forests due to its position between the Cerros de El Sira
(Sira Mountains) to the east, the eastern slopes of the An-
des to the west, and the Gran Pajonal to the south (Fig. 1).

This isolation makes it an interesting place for biological
research, and more than 180 papers have been published
on its flora and fauna. However, primates at ACPP have
only been cursorily mentioned in the context of a mammal
survey that reports the presence of eight primate species in
the area (Hutterer et al., 1995), and in a very short study
of Leontocebus leucogenys (= Saguinus fuscicollis leucogenys)

(Podloucky, 1978).

Neotropical primate communities are very variable with
regards to richness and composition, with rainfall being
a major determinant of this variation (Peres and Janson,
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1999). Probably due to the shielding effect of the Sira
Mountains, ACPP has a long season of reduced rainfall,
compared to other lowland Amazonian sites (Fig. 2). Giv-
en the strong influence of seasonality on primate ecology
(Brockman and van Schaik, 2005; Terborgh, 1983), this
makes Panguana an interesting place for studying the ecol-
ogy of the local primate community. Furthermore, ACPP
is located in a region of increasing human impacts on the
environment and information on its primate community
is important in the context of conservation efforts. There-
fore, this study aimed at providing basic ecological infor-
mation on primates at ACPDP, as a starting point for future

detailed studies. Specifically, we report data on group size
and habitat use of primates at ACPP.

Figure 1. Geographic location of the study area. The black dot
indicates the location of ACP Panguana. Map after NASA, heep://
photojournal.jpl.nasa.gov/jpeg/P1A03388.jpg, downloaded on 8
November 2016.
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Figure 2. Climate diagram for the nearest meteorological station,
Puerto Inca (09°22°53” S 74°57°39” W; 200 m a.s.l.), 1993-2009.
Data from Servicio Nacional de Meteorologia e Hidrologia (SE-
NAMHI; www.senamhi.gob.pe).

Methods

Study site and period

ACPP lies in the Hudnuco department of Peru, on the
south bank of the Rio Yuyapichis (=Llullapichis), a tribu-
tary of the Rio Pachitea, at 09°37°S 74°56’W and an alti-
tude between 220 and 260 m a.s.l. (Kovafik et al., 2015).

Average temperature at the nearest meteorological station
(Puerto Inca, 30 km from Panguana) is 26°C, and annual
precipitation 2,434 mm, with about 2.6 times more rain-
fall in the wet season from October to March compared
to the dry season from April to September (Fig. 2). The
Cerros de El Sira with elevations up to 2,500 m are situ-
ated about 40 km to the east, and the eastern slopes of the
Andes about 150 km to the west of ACPP. Since these two
mountain ranges meet at the Gran Pajonal in the south,
the principal connection of the forests at ACPP with other
tracts of Amazon rainforest is in the north.

ACPP covers an area of around 12.5 km?. The hilly terrain
is covered with little disturbed primary ferra firme forest,
characterized as evergreen seasonal rain forest of the prean-
dine Hylaea (Ellenberg, 1959; Hutterer et al., 1995), and
with secondary forest of different ages. It is interspersed
with creeks and small permanent ponds. Cattle meadows
limit the forest in some areas, the Rio Yuyapichis limits
the study area in the north. Pampas Verde, a village of
the indigenous Ashdninka, is the nearest human settle-
ment at about 3 km from the study area. The next small
city, Yuyapichis, is situated at a distance of about 4 km on
the opposite bank of the Rio Pachitea. Within the area
of ACPD, a section of ca. 1 km? with existing paths was
selected for the study. Paths were used to define five (non-
independent) trails of about the same length (3 km) that
were used for surveying and habitat characterization. Data
were collected by the first author (MG) between 23 Febru-
ary 2016 and 28 March 2016, and between 5 May 2016
and 6 July 2016.

Primate observations

Hutterer et al. (1995) had recorded eight primate spe-
cies in the area of the ACPP. We re-assigned the species
occurring in Panguana in the light of recent taxonom-
ic changes (Table 1). To collect data on primates, MG
walked the five defined trails either from starting to end
point or in the opposite direction five times per direc-
tion in the morning and afternoon, respectively. Thus,
every trail was walked 20 times by the totally 100 walks.
Walks took place from 0630 h to 1000 h and from 1400
h to 1700 h at a speed of about 1 km/h. The order of
walked trails and the walking direction (starting to end
point or end to starting point) were varied systematically.
Upon encountering primates, on the following data were
recorded: species, number of individuals sighted, habitat
type (forest or gap), ranging height in trees (of the ma-
jority of animals during encounter), predominant canopy
height, height of the highest tree, geographic position (re-
corded with a Garmin GPSMAP 64s), and time of day.
Tree height was categorized in 5 m bins (5-10 m, 10-15
m etc.). Areas with very young secondary vegetation and
canopy heights of <5 m were defined as gaps. We re-
corded habitat type as gaps if primates ranged inside or at
the edge (i.e., within 5 m) of a gap.
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Table 1. Primates of ACPP. Light grey cells: primate species encountered during this study.

Family Primate species reported New taxonomic assignment References for new assignments

by Hutterer et al. (1995)
Callitrichidae Saguinus fuscicollis Leontocebus leucogenys Matauschek et al., 2011; Rylands et al., 2016
Aotidae Aotus nigriceps Aotus nigriceps

Cebus albifrons Cebus yuracus Boubli et al., 2012; Ruiz-Garcia et al., 2010
Cebidae

Saimiri sciureus Saimiri boliviensis peruviensis Lynch Alfaro et al., 2015

Alouatta seniculus Alouatta seniculus
Atelidae

Lagothrix lagothricha Lagothrix lagothricha poeppigii ~ Aquino et al., 2015a

Callicebus cupreus Plecturocebus discolor Byrne et al., 2016
Pitheciidae

Pithecia monachus Pithecia inusta

Marsh, 2014

When an exact count of individuals was not possible (ei-
ther due to large group size and/or to wide group spread),
group size was estimated. Precaution was taken to exclude
counting the same group during the same walk. When pri-
mates were encountered outside of systematic trail walks,
or, due to decreasing visibility, more than 25 m away from
trails, we classified observations as chance encounter. We
used the same protocol as during systematic observations.
To avoid biasing results, data from chance encounters were
used only for descriptive purposes, not in quantitative
analyses.

Habitat characterisation

To characterise the habitat, 32 10 m x 20 m plots were
established every 200 m along survey trails and their posi-
tion with regard to the trail varied systematically, if possible
(Fig. 3). Within each plot, mean tree height and the height
of the highest tree were estimated (5 m bins). The DBH
(diameter at breast height) of all trees with DBH 25 cm was
measured with a measuring tape. From this, we calculated
the basal area and the number of small trees (DBH 5-10
cm), number of medium trees (DBH 10-20 ¢cm), number
of large trees (DBH 320 cm). To estimate canopy cover,
MG took photographs from ground level (Ganzhorn et al.,
2011): one picture from the centre of every plot and one
from each corner. Finally, MG noted size and position of
all gaps within a distance of <25 m from the trails, as well
as their gross shape (circular or rectangular) and estimated
size in 50 m2 bins.

Data analyses

We used QGIS 2.16.1 (QGIS Development Team, 2016)
for all geostatistical data management. We imported geo-
graphic coordinates of paths, primate observations, habitat
plots and gaps from the Garmin GPSMAP 64s. To com-
pute the study area, we created a buffer of 25 m along both
sides of trails. We manually added sized and positioned
gaps to scale at the given positions and added a buffer of 5
m to all gaps, because primates that were observed in this
radius were noted as ranging in a gap. For describing habi-
tat use of primates, we assigned all location records to the
nearest habitat plot. For determination of borders between
plot areas, we used Voronoi polygons. To calculate plot

area sizes and total area of gaps within the observation or
plot areas, we clipped the layers. We transferred the pho-
tographs of canopy covers from the plots to binary images
so that black pixels could be counted. We performed both
with GIMP 2.8.16 (GNU Image Manipulation Program;
Kimball et al., 2012). We pooled results for each plot.

Habitat Structure

1 Plots

@ Clearings

— Paths

[] Observation Area

100 200 m 12

100 0

Figure 3. Location of survey trails and habitat plots.

Statistical analyses

For statistical analyses we only used systematic survey data,
the significance level (p-value) for all analyses was 0.05. To
test whether primates used the two principal habitat types
(forest, gaps) according to availability or exhibited prefer-
ence for one or the other, we performed exact binomial tests
and used a Bonferroni correction to adjust significance lev-
els (p*= 0.01). To account for co-variation between habi-
tat variables, we computed a principal component analysis
(PCA). Habitat properties (predominant canopy height,
height of highest tree, basal area, canopy cover, number
of small, medium and large trees, and percentage of area
covered by gaps) were used as variables. Since the first two
factors resulting from the PCA accounted for only 44% of
variance and correlations between the variables were low
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(between -0.29 and 0.51), we tested the influence of habitat
properties on primate occurrence separately with a Spear-
man’s rho rank correlation test. Again, we used a Bonferroni
correction to adjust significance levels (p*=0.0065). Before-
hand, we checked habitat properties for normal distribution
using Shapiro-Wilk normality test. We conducted the PCA
in STATISTICA 12.0 (StatSoft, Inc., 2014) and all other
statistical tests in R 3.3.1 (R Core Team, 2016).

Results

We obtained a total of 279 observations of seven primate
species (A. seniculus, A. nigriceps, C. yuracus, L. leucogenys,

P inusta, P discolor, S. boliviensis). One hundred seventy-
eight observations were made during systematic surveys,
101 observations were chance encounters. We observed
Cebus yuracus only during systematic surveys, A. nigriceps
only during chance encounters, and never encountered L.
lagothricha. Numbers of observations differed largely be-
tween species, ranging from a total of two observations of
A. nigriceps and C. yuracus to a total of 116 observations of
L. leucogenys. Mean group size varied from 2.5 individuals
in P discolor to 22 individuals in S. boliviensis (Table 2).
Maximum group size ranged between 4 and 8 individuals
for all species except S. boliviensis, for which the highest
count was 40 individuals.

Table 2. Observed primate group sizes at the ACP Panguana and closely related species at other locations. We pooled the data from

systematic surveys and chance encounters, as means did not differ from each other. SE: standard error; n: number of sightings; Max.:

maximum; NA: not available; * mode.

Group size at ACP Panguana

Group size at other locations/regions

Species Mean (SE) | Mode | Max. | n Species Group Size Location/region Reference
Mean Range
Leontocebus 5 2.9 3 So (northern Peru). t.o Freese et al., 1982
Leontocebus 3.8 A 0 .- sp. 18°S (southern Bolivia)
leucogenys 0.2) Leontocebus . Pacaya-Samiria National .
e 6 2-10 Soini, 1987
illigeri Reserve, Peru
Aosus 28+06 2-4 R“; gf“l?mi’" . Aquino et al., 2013
nigriceps NA NA 4 2 A nigriceps and Rio lambo, Feru
3.6 2-4  upper Rio Urucd, Brazil  Peres, 1993
S b. o 32 1250 Pacaya-Samiria National Soini, 1986
peruviensis Reserve, Peru
Saimiri
L 22.0 Manu National Park, Boinski et al., 2003;
boliviensis (" 0 4025 537 4575 pe Mitchell, 1994
peruviensis b‘ 1" o
oitviensis Rio Urubamba .
15.6 + 3.1 13-19 and Rio Tambo, Peru Aquino et al., 2013
8.3 5-10 Pacaya-Samiria National Soini, 1986
Reserve, Peru
Cob C. yuracus Rio Urabardh
ebus fo Urubamba .
yuracus NA NA 4 2 10.3+2.9 6-13 and Rio Tambo, Peru Aquino et al., 2013
Hudnuco a .
9-15 nd San Martin, Peru Aquino et al., 2017
5.5 213 Pacaya-Samiria National Soini, 1986
Reserve, Peru
56+2.1 4  RioUrubamba Aquino et al., 2013
and Rio Tambo, Peru
Alouatta 3.6 .
. 3 6 8  A. seniculus
seniculus (1.0) 541.9 3.9 Chontayacu, Chinchao  Aquino et al.,
o } and Alto Huallaga, Peru  2015b
Hudnuco .
25 and San Martin, Peru Aquino etal, 2017
e e . Dacier et al., 2011;
P{ea‘umcebm 25 2 5 39 P discolor 3.5+0.6 2-6 Tip 1.1t1n1 Biodiversity Van Belle et al.,
discolor (0.2) Station, Ecuador
2016
Pithecia Pacaya-Samiria -
isabela 4x15 28 National Reserve, Peru Soini, 1988
Pithecia 3.4 3 5 39 Pishect ; 1 Yoned
inusta (0.3) 1thecia .. zawa and Yoneda,
monachus 1.9-5.2 2-8 Western Pando, Bolivia 1981; Norconk

-group

different locations

& Setz, 2013
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The observation area had a total size of 35.7 ha, 82% of
which were covered by forest and 18% by gaps (includ-
ing a 5m buffer around gaps). We observed L. leucogenys
(p<0.0001) and S. boliviensis (p=0.0089) more often in
gaps than expected by chance. Pithecia inusta (p=0.0156)
and P discolor (p=0.0484) seemed to prefer gaps, however,
values were not significant when p-levels were adjusted. A/-
ouatta seniculus (p = 1) did not show a preference. For A.
nigriceps and C. yuracus, the number of sightings was too
low to examine habitat preferences.

The frequency of sightings of S. boliviensis correlated with
the size of the area covered by gaps (rtho=0.51, p=0.003).
We also noted the following trends: frequency of sightings
of S. boliviensis and basal area (tho=0.37, p=0.0375), and
frequency of sightings of P. inusta and maximum tree height
(tho=0.43, p=0.0133); in both cases, p-values are higher
than the adjusted p-values. There was no other significant
correlation of trend. We observed feeding on 14 plant spe-
cies directly and found residuals from six plant species below
sites where we had spotted primates (Table 3).

Table 3. Plant species recorded in the diet of primates at ACPP. fl: flower; fr: fruit. A. n.: Aotus nigriceps; A. s.: Alouatta seniculus; C. y.: Cebus

yuracus; L. [.: Leontocebus leucogenys; P d.: Plecturocebus discolor; P i.: Pithecia inusta; S. b.: Saimiri boliviensis; d: direct feeding observation;

1: feeding residuals encountered below place of primate sighting.

Family Species Local name  Part Primate species

GOaEE T S @ 4on Bdh B
Acanthaceae Mendoncia cf. lindavii fl r
Anacardiaceae Spondias mombin Ubo grande fr d
Anacardiaceae Spondias sp. Ubo chico fr d
Annonaceae Annona sp. Anonilla fr d d
Annonaceae Mosannona raimondii fr d r
Arecaceae Astrocaryum sp. Huicongo fr r
Arecaceace Attalea phalerata Shapaja fr d
Arecaceace Iriartea deltoidea Cashapona fr r
Arecaceae Oenocarpus bataua Ungurahui fr r
Bombacaceae Quararibea sp. Sapote fr r
Fabaceae Dipteryx odorata Shihuahuaco fr
Fabaceae Inga sp. 1 Shimbillo fr
Fabaceae Inga sp. 2 Shimbillo fr
Fabaceae Inga sp. 3 Shimbillo fr i d
Malvaceae Malvaviscus concinnus fl, fr d
Malvaceae Theobroma cacao Cacao fr d
Moraceae Ficus cf. pertusa fr d
Moraceae Ficus sp. fr d d d
Moraceae Naucleopsis glabra Cacahuillo fr r
Mpyrtaceae indet. fr d

Discussion Visquez Médena, pers. comm.). This species seems to re-

We encountered all primate species reported by Hutterer et
al. (1995) except for the largest one, L. lagothricha. This spe-
cies has not been seen in the area of ACPP (Juliane Diller,
pers. comm.; Carlos Vdsquez Médena, pers. comm.) within
the last 50 years. It was listed by Hutterer et al. (1995) based
on skulls obtained 10 km east of Panguana and hunters seen
with dead woolly monkeys outside the area. Apparently,
Lagothrix lagothricha went locally extinct, probably due to
hunting. Although hunting of primates is prohibited by Pe-
ruvian law, large species like L. lagothricha are heavily hunted
fur bushmeat throughout Amazonia and consequently be-
come generally rare or locally extinct (Aquino et al., 2016;
Peres, 1990). Cebus yuracus was present in the area 20-50
years ago but had not been seen for almost 20 years (Carlos

cover, probably due to the increase in size of the protected
area since the creation of ACPP in 2011.

For all species except C. yuracus (which was only encoun-
tered twice) group sizes observed at ACPP are within rang-
es reported for the same or for related species at other sites,
but tended to range at the lower end of group size values.
Carlos Visquez Médena (pers. comm.) reported that group
size of capuchins in the area had always been small 20-50
years ago and that they usually travelled together with Sai-
miri groups. In the absence of data on factors that might
affect group size (e.g. habitat productivity), we refrain from
discussing causes of the trend towards smaller group sizes
of primates at Panguana.
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The only species to show obvious habitat preferences were
L. leucogenys and S. boliviensis. The higher encounter rates
of these highly insectivorous primates close to or within
gaps might relate to a higher abundance of insects (Fowl-
er et al., 1993). However, Leontocebus nigrifrons does not
show increased prey foraging success in young secondary
forest compared to primary forest, despite probably higher
abundance, at least of katydids in the former (Kupsch et
al., 2014).

Almost all plant species consumed by primates during our
study come from genera that have been reported to be part
of the diet of primates at other sites. Given the short study
period, the list of species likely represents only a small frac-
tion of what is actually used. Several plant species are actu-
ally also exploited as food, construction material or medi-
cine by humans (Duke and Vasquez, 1994).

In sum, our study provides the first systematic data on the
primates of the ACPP. These data must be considered as pre-
liminary and do not allow to draw far-reaching conclusions.
In any case, this area warrants further study, on one hand
due to its geographic location, on the other hand because its
protection status converts it into an important natural refuge
within an otherwise increasingly altered landscape.
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Abstract

The Tropical Andes Hotspot is a high conservation priority. A high proportion of the northern Colombian Andes has been
deforested affecting its biological diversity, including primates, for which there are information gaps that hinder the formu-
lation of conservation strategies. We conducted a bibliographic search on studies of non-human primates developed in the
northern portion of the Central and Western cordilleras, to generate a baseline facilitating the priorization of information
generation and guidelines to formulate research projects at the regional level. We updated the species list for the fourth
departments evaluated, recording a total of 13 species (Antioquia: 13; Caldas: 6; Risaralda: 5; Quindio: 2). We compiled a
total of 120 studies which evidenced a greater research effort in topics related to ecology, genetics, and veterinary medicine,
as well as a reduced emphasis in ethnobiological research. Saguinus leucopus and Alouatta seniculus were the most studied
species, contrasting with the scarce information generated for threatened species such as Areles fusciceps, Ateles hybridus, three
especies of Aotus (lemurinus, zonalis, griseimembra), Alouatta palliata, Cebus versicolor, Lagothrix lagotricha, Saguinus geoffroyi
and Saguinus oedipus.

Keywords: Tropical Andes Hotspot, distribution, endemism, Primates.
Resumen

El Hotspot de los Andes Tropicales es una alta prioridad de conservacién. Una gran proporcién del norte de los Andes
colombianos ha sido deforestado afectando su diversidad bioldgica, entre ella la de primates, para los cuales existen vacios
de informacién que dificultan la formulacién de estrategias de conservacién. Realizamos una busqueda y andlisis de infor-
maci6n bibliografica de los estudios sobre primates no humanos que se han desarrollado en la parte norte de las cordilleras
Central y Occidental de Colombia, con el objetivo de generar una linea base que facilite la identificacién de prioridades de
generacién de informacién y oriente la formulacién de proyectos de investigacién regionales. Actualizamos la lista de espe-
cies para los cuatro departamentos evaluados, registrando 13 especies (Antioquia: 13; Caldas: 6; Risaralda: 5; Quindio: 2).
Con base en 120 estudios se evidencié un mayor esfuerzo de investigacién en temas concernientes a la ecologfa, genética,
y medicina veterinaria, asi como un reducido énfasis en trabajos etnobioldgicos. Las especies que han sido mds estudiadas
son Saguinus leucopus y Alouatta seniculus; lo que contrasta con la poca informacién que se ha generado acerca de especies
amenazadas como Areles fusciceps, Ateles hybridus, tres especies de Aotus (lemurinus, zonalis, griseimembra), Alouatta palliara,
Cebus versicolor, Lagothrix lagotricha, Saguinus geoffroyi y Saguinus oedipus.

Palabras clave: Hotspot de los Andes Tropicales, distribucion, endemismo, Primates.
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Introduccién

La regién andina es considerada como un Hostpot de bio-
diversidad al contener un 16% de todos los vertebrados
terrestres sobre el planeta, de los cuales un 60% son en-
démicos (Ceballos y Ehrlich, 2006; Loyola ez al., 2009).
El impacto al que se ha visto sometida esta regién en Co-
lombia, donde el 70% de la poblacién se concentra, ha
sido extenso; entre 1985 y 2005 se deforestaron cerca de
1.460.000 ha en los Andes colombianos (Armenteras ez al.,
2011), y 36.757 ha en 2017 (IDEAM, 2018). En el de-
partamento de Antioquia y el Eje Cafetero (departamen-
tos de Caldas, Quindio y Risaralda) de la regién andina de
Colombia, los procesos de deforestacion han transformado
extensamente el paisaje, el cual es dominado por potreros,
pastizales, plantaciones forestales y cafetales, e inmersos en
esta matriz principal se encuentran remanentes de ecosis-
temas naturales (Rodriguez y Arango, 2004; Orrego y Ra-
mirez, 2011; Yepes-Quintero ez al., 2011).

En Colombia, uno de los paises con los mds grandes asen-
tamientos humanos en la zona andina, han sido registradas
38 especies de primates, de las cuales 10 son endémicas
(26.3%), y 20 (52.6%) se encuentran bajo alguna categoria
de amenaza (Defler, 2013; Resolucién 1912 del 15 de sep-
tiembre de 2017; UICN, 2017; Asociacién Primatolégica
Colombiana, 2018). El ntimero de especies, asi como el
estado de conocimiento de los primates presentes en el Eje
Cafetero y Antioquia no han sido evaluados recientemente.
Sin embargo, se han listado entre 11 (Cuartas-Calle y Mu-
fioz-Arango, 2003) y 13 especies de primates para Antio-
quia (Defler, 2010), entre cuatro y seis para el departamen-
to de Caldas (Castafio et al., 2003; Defler, 2010), y entre
dos (Defler, 2010) y cinco especies (Castafio ez al., 2017)
para el departamento de Risaralda (Anexo 1). Por su parte,
para el Quindio no existe una lista de mamiferos del depar-
tamento, aunque existen registros de dos especies: Alouatta
seniculus (Solari et al., 2013) y Aotus lemurinus (Montilla ez
al., 2018).

En este trabajo describimos la riqueza y el estado de cono-
cimiento de los primates para la regién en cuestién, con el
propésito de identificar los principales vacios de informa-
cién para generar una linea base que oriente la formulacién
de proyectos de investigacién y estrategias regionales de
conservacion de la fauna de primates.

Métodos

Area de estudio

El 4rea de estudio comprende los departamentos de Antio-
quia, Caldas, Quindio y Risaralda, que incluye las regiones
de los Andes centrales y occidentales, asi como valles inte-
randinos. Los limites abarcan desde el Valle del Magdalena
Medio en Antioquia y Caldas, hasta el flanco occidental
de la cordillera Occidental (que incluye la regién del Paci-
fico antioquefio), que va desde las estribaciones de la cor-
dillera Occidental hasta la margen oriental del rio Atrato,

y la vertiente del Pacifico del departamento de Risaralda.
Los departamentos de Caldas, Quindio y Risaralda confi-
guran la regién del Eje Cafetero (Fig. 1), declarada como
Patrimonio Cultural de la Humanidad por la UNESCO
(Meskell, 2012). En conjunto, los cuatro departamentos
se encuentran en las Provincias Chocd-Darién, Magdalena
y Cauca (Morrone, 2014).

Revision bibliogrifica

Realizamos una busqueda de articulos cientificos, capitulos
de libros, resimenes de congresos, informes no publicados,
trabajos de grado y tesis de posgrado relacionados con es-
tudios de primates en los cuatro departamentos de interés.
Recolectamos la informacién a través de buscadores como
Google Scholar y bases de datos generales como ScienceDi-
rect y Web of Science, y especificas de primates como Pri-
mateLit, utilizando los nombres de los departamentos, los
nombres genéricos y epitetos especificos y “Primates” como
palabras clave. Incluimos estudios con datos de muestreo en
campo en la regién, ademds de listas departamentales y na-
cionales de especies. Estas fuentes digitales de informacién
arrojaron resultados desde el afio 1986 a 2017.
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Figura 1. Area de estudio. El drea delimitada incluye los depar-
tamentos de Antioquia (Ant) al norte, Caldas (Cal) al centro-
oriente, Risaralda (Ris) en el centro-occidente y Quindio (Qui)
al sur. C.Oc: Cordillera Occidental; C.C: Cordillera Central;
C.Or: Cordillera Oriental.

Clasificamos cada una de las publicaciones e informes no
publicados en cinco categorias dependiendo de su enfoque:
1. Distribucién, 2. Ecologfa, 3. Etnobiologfa, 4. Genética/
Molecular, y 5. Medicina Veterinaria. Ademds, considera-
mos el ano de publicacidn, el departamento donde se reali-
20 y las especies o el grupo de especies estudiadas.
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Es importante sefalar que los estudios en Areles geoffro-
yi'y Cebus albifrons realizados con animales en cautiverio
(Ruiz-Garcfa et al., 2007; Jiménez-Nicholls ez al., 2009;
Lasprilla ez al., 2009; Romero ez al., 2011) no fueron con-
siderados en la presente revisién, debido a la imposibilidad
de confirmar su procedencia e identificacién taxonémica
de acuerdo con los cambios recientes. Para las demds es-
pecies evaluadas incluimos trabajos realizados tanto en
cautiverio como en vida silvestre dado que se distribuyen
naturalmente en la regién.

Consideraciones taxonémicas

Ateles geoffroyi no se incluye en la lista de primates colom-
bianos de la Asociacién Primatolégica Colombiana (APC,
2018) a pesar de que se reporta en listas de especies depar-
tamentales y nacionales de afos anteriores (Cuartas-Calle
y Mufioz-Arango, 2003; Solari ez al., 2013; Ramirez-Cha-
ves et al., 2016). En el presente trabajo consideramos a
A. geoffroyi y A. fusciceps como especies con distribuciones
disyuntas encontrdndose la dltima en el territorio colom-
biano, y, a C. versicolor como especie diferente de C. albi-
frons (Rylands ez al., 2013; APC, 2018).

Listas departamentales de especies

Actualizamos la lista de especies por departamento a par-
tir de la informacién bibliogrifica, asi como de especi-
menes de colecciones bioldgicas entre las que se encuen-
tran la Coleccién Teriol6gica de Antioquia, Universidad
de Antioquia (CTUA), Medellin; Museo de Ciencias
Naturales de La Salle, Instituto Tecnolégico Metropoli-
tano, Medellin (ITM); el Museo de Historia Natural de

la Universidad del Cauca, Popayin (MHNUC), la Co-
leccién de Mamiferos del Museo de Historia Natural de
la Universidad de Caldas (MHN-UCa); Museo Universi-
tario Universidad de Antioquia, Medellin (MUUA). El
tratamiento taxondémico sigue a la lista de los primates
colombianos de la Asociacién Primatolégica Colombiana
(APC, 2018) que adoptd diversas propuestas taxondmicas
(i.e. Botero et al., 2010; Defler et al., 2010; Ruiz-Garcia
et al., 2010; Boubli ez al., 2012; IGUN ez al., 2012; Ly-
nch-Alfaro ez al., 2012; Buckner ez al., 2015; Link ez al.,
2015) y los cambios recientes en la lista de los mamiferos
de Colombia (Ramirez-Chaves ez 2/, 2016). Finalmente,
consultamos el estado de amenaza de cada especie recu-
rriendo a la lista roja de especies amenazadas de la Unién
Internacional para la Conservacién de la Naturaleza
(UICN, 2017) y a la Resolucién 1912 del 15 de septiem-
bre de 2017 que establece la lista de las especies silvestres
amenazadas a nivel nacional.

Resultados

Especies de primates en Antioquia y el Eje Cafetero

A partir de la informacién consultada, reportamos para los
departamentos de Antioquia, Caldas, Quindio y Risaralda,
un total de 13 especies (cuatro especies y una subespecie
endémica de Colombia; Tabla 1). Antioquia posee el ma-
yor nimero de especies con 13, seguido por Caldas con seis
y Risaralda con cinco, mientras que para el departamento
de Quindio registramos dos especies. De las 13 especies
reportadas, diez se encuentran bajo alguna categoria de
amenaza segun la lista mds reciente de especies de fauna
silvestre amenazadas de Colombia (Resolucién 1912 del 15
de septiembre de 2017) y la UICN (2017; Tabla 1).

Tabla 1. Primates de los departamentos de Antioquia, Caldas, Quindio y Risaralda. UICN= Categorias de la Unién Internacional para

la Conservacién de la Naturaleza; DD= Datos insuficientes, LC= Preocupacién menor, VU= Vulnerable, EN= Amenazada, CR= Criti-

camente amenazado.

Familia Especie Subespecie Categoria de amenaza UICN Departamento
para Colombia*
Aotus griseimembra® - VU VU Ant, Cal
Aotidae Aotus lemurinus - VU VU Ant, Cal, Qui, Ris
Aotus zonalis - VU DD Ant
Alouatta palliata A. p. aequatorialis VU LC Ang, Ris
Alouatta seniculus - - LCE Ant, Cal, Qui, Ris
Atelidae Ateles fusciceps A. f rufiventris EN CR" Ant, Ris
Ateles hybridus - CR CR Ant, Cal
Lagothrix lagothricha L. . lugens© VU Vu¢© Ant
Saguinus geoffroyi - - LC Ant
Callitrichidae | Saguinus leucopus® - \48 EN Ant, Cal
Saguinus oedipus® - CR CR Ant
Cebidac Cebus versicolor® - ENP EN Ant, Cal
Cebus capucinus - - LC Ant, Ris

“Resolucién 1912, 15 de Septiembre de 2017. Bogotd, Colombia. ?Especie endémica de Colombia (APC, 2018). “Subespecie endémica de
Colombia (APC, 2018). PDefler, 2010. “Alonatta seniculus seniculus. “Ateles fusciceps. “Lagothrix lagothricha.
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Estado del conocimiento de la primatofauna

Recopilamos 120 estudios sobre primates en la regién, de
los cuales 27 fueron investigaciones realizadas con animales
en cautiverio. La mayorfa de los estudios fueron realiza-
dos en el departamento de Antioquia (63%), seguidos por
Caldas (18%) y Risaralda (13%) y en menor proporcién el
departamento del Quindio (6%). Dos investigaciones fue-
ron compartidas entre los departamentos de Antioquia-Ri-
saralda, y Caldas-Risaralda respectivamente.

El ntimero de investigaciones con primates se increment6
durante la década pasada y alcanzé un médximo en el afio
2010; para el ano 2012 encontramos solamente cinco tra-
bajos (Fig. 2), y desde entonces se ha incrementado nueva-
mente, principalmente en el departamento de Antioquia
(Fig. 2). La mayor parte de documentos producidos (Fig.
3) corresponden a articulos cientificos (n=74), seguidos por
trabajos de grado (n=23), informes técnicos (n=14), rest-
menes de congresos (n=4) y capitulos de libros (n=5).

En cuanto a los temas de investigacién, encontramos que
la mayoria de los trabajos correspondieron a investigacio-
nes sobre Ecologia (n=50), que incluyen estudios relacio-
nados con patrones de actividad, dieta y densidad pobla-
cional. Las categorias Genética/Molecular (n=26), donde
se incluyen investigaciones tanto de cariologfa como de
caracterizacién genética, y Medicina Veterinaria (n=22)
cuentan con més de 20 trabajos, y en menor medida Dis-
tribucién (n=19). Etnobiologia (n=3) fue el tema menos
recurrente con trabajos solo en Antioquia y Risaralda (2
y 1 respectivamente) (Fig. 4). En Antioquia se realizaron
estudios relacionados con los cinco temas de investigacién
definidos (n=75), mientras que en Caldas y Risaralda se
abordaron investigaciones en cuatro de las cinco catego-
rias (n=22 y n=16 respectivamente), con Ecologia como el
drea mds investigada en Risaralda (75% del total) (Fig. 4).
En el departamento de Caldas la investigacién en Ecolo-
gia (n=8) y Genética (cariologia y caracterizacién genética;
n=3) constituyeron el 50% de su contribucién al conoci-
miento primatoldgico. Por tltimo, para el departamento
del Quindio se observé la menor variedad en temas de
investigacién, con una mayoria de estudios ecoldgicos

(Fig. 4).
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Figura 3. Numero de registros por tipo de publicacién sobre pri-
mates no humanos de Antioquia y el Eje Cafetero.

Con respecto a las especies, la mayor parte de la investiga-
cién se ha centrado en Saguinus leucopus y Alouatta senicu-
lus, que doblan en ntimero de publicaciones a las demds
especies (n=59 y 40, respectivamente) (Fig. 5, Anexo 2).
A pesar de que Alouatta seniculus estd presente en el depar-
tamento de Caldas, no se tiene conocimiento de trabajos
publicados en articulos cientificos. Los trabajos conocidos
corresponden a trabajos de grado de la Universidad de Cal-
das y han quedado consignados tnicamente. Sin embargo,
desde el 2017, el Semillero de Investigacién en Primatolo-
gia y Conservacién de sus Ecosistemas (SIPCE), pertene-
ciente a la misma universidad, ha adelantado trabajos con
esta especie en el municipio de Neira, en temas relaciona-
dos con su ecologfa.

No se encontraron investigaciones sobre Alouatta palliara
aequatorialis que, segin informacién de registros histéri-
cos, se encuentra en el departamento de Antioquia (Anexo
1) y potencialmente se distribuye en el occidente de Ri-
saralda. Cabe senalar que a pesar de que C. capucinus es
la tercera especie con mayor nimero de estudios (n=18),
la mayoria se han realizado con individuos en cautiverio
(n=11). Para el caso de Saguinus geoffroyi, el Gnico estudio
encontrado fue realizado en cautiverio, y para A. zonalis
s6lo se encontré un reporte de distribucién en un informe
técnico (Fig. 5, Anexo 2).

En lo referente a las especies endémicas, de todas identi-
ficamos investigaciones, siendo Saguinus leucopus y Aotus
griseimembra respectivamente, las mds y menos estudiadas
(n=59 y 7). En cuanto a Ateles hybridus s6lo encontramos
estudios en Antioquia y Caldas (Roncancio-Duque, 2012);
la investigacién de sus poblaciones en Caldas (Parque Na-
cional Natural Selva de Florencia) se ha visto impedida a
causa de problemas de orden publico en décadas anteriores
(Bustamante-Manrique V, Observacién personal). Eviden-
ciamos un nimero bajo de estudios para Saguinus oedipus
en la regién que comprende la presente revisién (n=10,
donde 6 se realizaron en cautiverio) a pesar de su condicién
de especie endémica con una distribucién limitada al no-
roccidente colombiano (Savage ez al., 2003), y categorizada
como en Peligro Critico (Savage y Causado, 2014).

Con respecto al esfuerzo de investigacién en cada departa-
mento, la mayoria de los estudios reportados para Antioquia
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se enfocaron en S. leucopus (n=41) y A. seniculus (n=22). En
Caldas S. leucopus es la especie mds estudiada (n=18) seguida
por A. lemurinus (n=5). Por su parte, en los departamentos
de Quindio y Risaralda, la investigacién se ha centrado prin-
cipalmente en A. seniculus (n=6 y 9 respectivamente).
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Figura 4. Ntumero de registros por tema de investigacién sobre
primates no humanos de Antioquia y el Eje Cafetero.
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Figura 5. Numero de publicaciones por especie, de primates no
humanos presentes en Antioquia y el Eje Cafetero.

Discusién

El presente trabajo aporta a la sistematizacién de la infor-
macién disponible, acerca de los estudios primatolédgicos
desarrollados en la regién del Eje Cafetero y Antioquia en
las tres altimas décadas. Esta regién presenta altos indi-
ces de deforestacion (Etter ez al., 2006) pero a su vez se
constituye como un importante territorio en términos de
diversidad de primates, al albergar 13 de las 38 especies re-
conocidas actualmente en el pais (APC, 2018). Sin embar-
go, la mayoria se encuentran en estado de amenaza (Defler,
2013) y muy poco se conoce de ellas a nivel regional (e.g.
A. fusciceps rufiventris, A. hybridus, S. oedipus, L. I lugens,
C. versicolor, A. griseimembra, A. lemurinus, A. zonalis y A.
p. aequatorialis) lo que dificulta en gran medida el estable-
cimiento de acciones de conservacin.

En el caso de C. versicolor, después de definirse como mo-
notipica y endémica de la regién del Magdalena Medio, y
estar presente en una zona que ha sufrido un alto impacto
por la actividad antrépica (IDEAM, 2010), es necesario
fomentar estudios enfocados en su historia natural, com-
portamiento y ecologfa, con el fin de sentar las futuras ba-
ses de un plan de manejo (de la Torre ez 4., 2015). Enla

regién que abarca la presente revisién el mayor nimero de
reportes corresponden a Antioquia, donde se han recolec-
tado muestras para estudios genéticos (Ruiz-Garcia, 2001;
Ruiz-Garcfa y Alvarez, 2003; Ruiz-Garcfa et al., 2010; Sén-
chez Castillo, 2015).

La subespecie L. /. lugens, endémica de Colombia, tiene
un nimero reducido de estudios, desarrollindose la mitad
de ellos en cautiverio. En la regién de estudio se conocen
registros de ocurrencia en el noreste Antioquefo, en juris-
diccién del municipio de Zaragoza (Corantioquia, 2009), y
en el piedemonte de la cordillera Central, cerca a la regién
del Magdalena Medio. La regién se configura como una
zona de estudio importante para esclarecer los limites en la
distribucién de las poblaciones interandinas de este taxén y
tener una aproximacion al estado de la conectividad entre
las poblaciones del norte y sur del pais.

La mayoria de las investigaciones sobre A. griseimembray A.
lemurinus corresponden a aspectos bdsicos de su ecologia,
e incluyen también valoraciones veterinarias y andlisis ca-
riolégicos (Anexo 2). Estas especies presentan dificultades
taxonémicas que deben abordarse principalmente a partir
de estudios de genética molecular y, en segunda instancia,
estudiando aspectos referentes a su distribucién y morfo-
logia (Defler, 2010). Otra especie de mono nocturno con
distribucién potencial en la regién es Aotus jorgehernandezi.
Se cree que el espécimen tipo proviene del Parque Nacional
Natural de los Nevados en limites con Risaralda, aunque
fue encontrado en cautiverio en el departamento del Quin-
dio (Torres ez al., 1998), sin embargo, Defler et al. (2001)
descartaron la posibilidad de que fuera originario del Quin-
dio. Desafortunadamente, el espécimen que fue depositado
en el Instituto de Ciencias Naturales (ICN 14023) no ha
sido localizado (Defler y Bueno, 2007; Ramirez-Chaves,
2011) por lo que no fue incluido en la presente revision.

En la regién Pacifico del 4rea de estudio se encuentran cin-
co especies de primates (Azeles fusciceps ruftventris, Alouarta
palliata aequatorialis, Aloauatta seniculus, Aotus zonalis y
Saguinus geoffroyi) que presentan un nimero reducido de
investigaciones. Para los dos primeros sélo se reporta una
investigacién en estado silvestre (Ramirez-Orjuela y Sdn-
chez-Duenas, 2005; Giraldo ez al; 2017), mientras que
A. zonalis s6lo se reporta en un listado de especies en un
informe técnico. Para S. geoffroyi no existen estudios en
estado silvestre a nivel nacional (Stevenson ez al., 2010) y
de acuerdo con nuestros resultados, la tnica investigacién
corresponde a una evaluacién genética utilizando muestras
de individuos en cautiverio (Ruiz-Garcia et al., 2007).

A pesar de no encontrarse en categorfas de amenaza, es ne-
cesario fomentar la investigacién de A. zonalis, C. capucinus
y S. geoffroyi, que no cuentan con estudios en campo en la
regién, para conocer su distribucién y estado de amena-
za. Adicionalmente, los resultados evidencian la cantidad
de literatura gris que permanece sin publicar, pese al es-
fuerzo de investigacién invertido y su potencial aporte al
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conocimiento de los primates en la regién. Finalmente, se
invita al desarrollo de esfuerzos conjuntos entre institucio-
nes regionales y centros académicos, que permitan abordar
los principales vacios de informacién y apoyar futuras estra-
tegias de conservacion.

Agradecimientos

Agradecemos al “Museo de Ciencias Naturales de La Salle,
un proyecto cultural del ITM”, a la Coleccién Teriol6gica
de la Universidad de Antioquia (CTUA), a la colecciéon de
Ciencias Naturales del Museo Universitario Universidad de
Antioquia (MUUA), al Museo de Historia Natural de la
Universidad del Cauca (MHNUC) y al Museo de Historia
Natural de la Universidad de Caldas (MHN-UCa) por el
acceso a los registros de primates correspondientes al de-
partamento de Antioquia, Caldas y Quindio. Igualmente
agradecemos a Ivdn Soto, coordinador del Laboratorio de
Genética Animal de la Universidad de Antioquia, por com-
partir informacién y registros importantes para el presente
trabajo. H. E. Ramirez-Chaves agradece a la Vicerrectoria
de Investigaciones de la Universidad de Caldas (proyecto
0223418) y a Rufford Small Grants (Grant 23710-1) por
el apoyo suministrado.

Referencias

Armenteras, D., Rodriguez, N., Retana, J., y Morales,
M. 2011. Understanding deforestation in montane and
lowland forests of the Colombian Andes. Regional Envi-
ronmental Change, 11(3): 693-705.

Asociacién Primatolégica Colombiana. 2018. Especies de
primates colombianos. Guia de cambios taxondmicos
(Versién2.0). Website: https://www.asoprimatologicaco-
lombiana.org/uploads/1/1/4/7/11474090/gu%C3%A-
Da_cambios_taxon%C3%B3micos_primates_2.0.pdf.
Consultado marzo de 2018.

Botero, S., Rengifo, L. Y., Bueno, M. L. y Stevenson, P.
R. 2010. How many species of woolly monkeys inhabit
Colombian forests? Am. J. Primatol. 72(12): 1131-1140.

Boubli, J. P, Rylands, A. B., Farias, I. P, Alfaro, M. E. y
J. L. Alfaro. 2012. Cebus phylogenetic relationships: a
preliminary reassessment of the diversity of the untufted
capuchin monkeys. Am. J. Primatol.74: 381-393.

Boubli, J. P, Di Fiore, A., Rylands, A. B. y Mittermeier, R.
A. 2015. Alouatta seniculus ssp. seniculus. The [UCN Red
List of Threatened Species 2015: ¢.T70547436A81228580.
http://dx.doi.org/10.2305/ITUCN.UK.2015.RLTS.
T70547436A81228580.en. Consultada 16 de Julio de
2017.

Buckner, J. C., Lynch-Alfaro, J. W., Rylands, A. B., y Al-
faro, M. E. 2015. Biogeography of the marmosets and
tamarins (Callitrichidae). Molecular Phylogenetics and
Evolution 82: 413-425.

Castafo, H., Mufioz Saba, Y., Botero, J. E. y Vélez, ]. H.
2003. Mamiferos del departamento de Caldas-Colom-
bia. Biota colombiana 4(2): 247-259.

Castano J. H., Torres, D. A., Rojas-Diaz, V., Saavedra-Ro-
driguez, C. A. y Pérez-Torres, J. 2017. Mamiferos del
departamento de Risaralda, Colombia. Biota Colombiana
18(2): 239-254.

Ceballos, G., y Ehrlich, P R. 2006. Global mammal dis-
tributions, biodiversity hotspots, and conservation.
Proceedings of the National Academy of Sciences 103(51):
19374-19379.

Corantioquia. 2009. Ordenacién forestal sostenible para
la zona productora de los bosques del norte y nordeste
del departamento de Antioquia, Colombia. Proyecto
PD438/06 Rev, 2 (F)

Cuarén, A. D., Shedden, A., Rodriguez-Luna, E.,
de Grammont, . C. y Link, A. 2008a. Aseles fusci-
ceps. The IUCN Red List of Threatened Species 2008: e.
T135446A4129010.http://dx.doi.org/10.2305/TUCN.
UK.2008.RLTS.T135446A4129010.en. Consultado el
23 de agosto de 2017.

Cuarén, A. D., Shedden, A., Rodriguez-Luna, E., de
Grammont, P. C,, Link, A., Palacios, E., Morales, A. y
Cortés-Ortiz, L. 2008b. Alouatta palliara. The IUCN Red
List of Threatened Species 2008: ¢.T39960A10280447.
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.
T39960A10280447.en. Consultado el 23 de agosto de
2017.

Cuartas-Calle, C. A. y Munoz-Arango, ]. 2003. Lista de
los mamiferos (Mammalia: Theria) del departamento de
Antioquia, Colombia. Biota Colombiana 4: 65-78.

de la Torre, S., Morales, A. L., Link, A., Palacios, E. y
Stevenson, P 2015. Cebus versicolor. The IUCN Red
List of Threatened Species 2015: ¢ T39952A81281674.
http://dx.doi.org/10.2305/IUCN.UK.2015.RLTS.
T39952A81281674.en. Consultado el 14 de septiembre
de 2017.

Defler, T. R. (2013). Aspectos sobre la conservacion de los
primates colombianos: ;Cudl es el futuro? En: T. R. De-
fler, P. R. Stevenson, M. L. Bueno & D. C. Guzmén-Ca-
ro (Eds.), Primates Colombianos en Peligro de Extincién,
(pp. 3-22). Asociacién Primatolégica Colombiana, Bo-
gotd D. C.

Defler, T. R. 2010. Historia natural de los primates colom-
bianos. Universidad Nacional de Colombia, Bogotd,
Colombia.

Defler, T. R., Bueno, M. L. y Herndndez-Camacho, J. I.
2001. Taxonomic Status of Aotus hershkovitzi: Its Re-
lationship to Aotus lemurinus. Neotrop. Primates 9(2),
37-52.

Defler, T. R. y Bueno, M. L. 2007. Aozus diversity and the
species problem. Primate Cons. 22(1): 55-70.

Defler, T. R., Bueno, M. L. y Garcia, J. 2010. Callicebus
caquetensis: a new and critically endangered titi monkey
from southern Caquetd, Colombia. Primate Cons. 25: 1-9.

Etter, A., McAlpine, C., Wilson, K., Phinn, S., & Possin-
gham, H. 2006. Regional patterns of agricultural land
use and deforestation in Colombia. Agriculture, ecosystems
& environment 114(2-4): 369-386.

Giraldo M. E., Guzmin, C., Gallego, L. E., Gallego, L.
G., Osorio, L., Rojas, J. E., Pérez, R. J. y Roncancio, N.




62

Neotropical Primates 24(2), December 2018

2017. Colombian black-spider monkey (Azeles fusciceps)
in Tatama National Natural Park, western Colombia.
Neotrop. Primates 23(2): 52-54.

IDEAM. 2010. Leyenda nacional de coberturas de la tierra.
Metodologia Corine Land Cover adaptada para Colom-
bia Escala 1:100000. Instituto de Hidrologfa, Meteorolo-
gia y Estudios Ambientales, Bogotd.

IDEAM. 2018. Website http://www.ideam.gov.co/web/
ecosistemas/ecosistemas-recursos-forestales. Consultada
en noviembre de 2018.

IGUN, FONAM, SINCHI, CORPOAMAZONIA. 2012.
Informe final: Convenio de Cooperacién Cientifica y
Tecnoldgica No. 10F del 15 diciembre de 2011 entre el
Fondo Nacional Ambiental — FONAM; la Universidad
Nacional de Colombia — Instituto de Genética — IGUN;
El Instituto Amazénico de Investigaciones Cientificas
— SINCHI y la Corporacién para el Desarrollo Sosteni-
ble del Sur de la Amazonfa — Corpoamazonia. Bogotd:
Grupo de Biodiversidad y Recursos Genéticos — GBRG,
Instituto de Genética — IGUN, Universidad Nacional de
Colombia. 64 p.

Jiménez-Nicholls, L., Perez, J., Loaiza, J., Ocampo, M.,
y Flérez, P. A. 2010. Determinacién de la frecuencia de
Leptospirosis en felinos y primates del parque zoolégico
Santa Fe, Medellin, Colombia. CES Medicina Veterinaria
y Zootecnia 4(1): 39-47.

Lasprilla, M., Ocampo, M., y Lépez, G. 2009. Identifica-
cién de huevos de nematodos en carnivoros y primates
ubicados en el Zooldgico Santa Fe de Medellin, mediante
método coprolégico directo y de flotacién. Revista Spei
Domus, 5: 30-36.

Link, A., Valencia, L. M., Céspedes, L. N., Duque, L. D.,
Cadena, C. D. y Di Fiore, A. 2015. Phylogeography of
the critically endangered brown spider monkey (Azeles
hybridus): Testing the riverine barrier hypothesis. /nz. /.
Primatol. 36: 530-547.

Loyola, R. D., Kubota, U., da Fonseca, G. A. y Lewin-
sohn, T. M. 2009. Key Neotropical ecoregions for con-
servation of terrestrial vertebrates. Biodiv. and Cons. 18:
2017-2031.

Lynch-Alfaro, J. W, Silva, J. y Rylands, A. B. 2012 How
different are robust and gracile capuchin monkeys? An
argument for the use of Sapajus and Cebus. Am. J. Prima-
tol. 74: 273-286.

Meskell, L. 2012. The rush to inscribe: Reflections on the
35th Session of the World Heritage Committee, UNES-
CO Paris, 2011. J. Field Archaeol. 37(2): 145-151.

Moniilla, S. O, Cepeda-Duque, J. C., Bustamante-Manri-
que, S. 2018. Distribucién del Mono Nocturno Andino
Aotus lemurinus en el departamento del Quindio, Colom-
bia. Mammalogy notes 4(2): 6-10.

Morrone, ]. J. 2014. Biogeographical regionalisation of the
Neotropical region. Zootaxa, 3782(1): 1-110.

Orrego, S. A. y Ramirez, C. D. 2011. Deforestacién en el
departamento de Antioquia-Colombia 1980-2000. 7z-
Uler Estado de los Bosques de Antioquia, Jardin Botdnico de
Medellin, Colombia.

Ramirez-Chaves, H. E. 2011. Especimenes tipo de mami-
feros en la coleccién del Instituto de Ciencias Naturales,
Universidad Nacional de Colombia. Acta biol. Colomb.
16: 281-292.

Ramirez-Chaves, H. E., Sudrez-Castro, A. E y Gonzi-
lez-Maya, J. E 2016. Cambios recientes a la lista de los
mamiferos de Colombia. Mammalogy Notes 3: 1-9.

Ramirez-Orjuela, C. y Sdnchez-Duefias, I. M. 2005. Pri-
mer censo del mono aullador negro (Alouatta palliata
aequatorialis) en el Chocé Biogeogrifico Colombiano.
Neotrop. Primates 13(2): 1-7.

Resolucién 1912 del 15 de Septiembre de 2017. Ministerio
de Ambiente y Desarrollo Sostenible. Bogotd, Colombia.

Rodriguez, G. y Arango, O. 2004. Ciudad regién Eje Ca-
fetero. Hacia un desarrollo urbano sostenible. Pereira:
Alma Mater. Pereira, Risaralda.

Romero, M. H., Astudillo, M., Sdnchez, J. A., Gonzilez, L.
M., y Varela, N. 2011. Anticuerpos contra Leptospira sp.
en primates neotropicales y trabajadores de un zooldgico
colombiano. Revista de salud piiblica 13: 814-823.

Roncancio Duque, N. 2012. A record of the variegated
spider monkey (Azeles hybridus brunneus) in Selva de Flo-
rencia National Park, Colombia. Neotrop. Primates 19(1):
46-47.

Ruiz-Garcia, M. 2001. Diversidad genética como herra-
mienta de zonificacién ambiental: estudios moleculares
(microsatélites) en el caso de primates y félidos neotropi-
cales comportan una nueva perspectiva. En: Zonificacién
ambiental para el ordenamiento territorial en la amazonia
colombiana (libro de memorias), T.R. Defler, PA. Palacios
(eds.), pp. 84-97. Instituto Amazdnico de Investigaciones
(Imani) and Instituto de Ciencias Naturales, Universidad
Nacional de Colombia.

Ruiz-Garcia, M. y Alvarez, D. 2003. RFLP analysis of
mtDNA from six platyrrhine genera: phylogenetic infe-
rences. Folia Primatol. 74(2): 59-70.

Ruiz-Garcia, M., Castillo, M. 1., Alvarez, D., Gardeazabal,
J., Borrero, L. M., Ramirez, D. M., Carrillo, L., Nassar,
E y Gélvez, H. 2007. Study of 14 platyrrhine primate
species (Cebus, Saimiri, Aotus, Saguinus, Lagothrix, Aloua-
tta y Ateles) using 10 DNA microsatellites: gene diversity
and bottleneck event analyses with conservation purpo-
ses. Orinoquia 11(2): 19-37.

Ruiz-Garcia, M., Castillo, M., Vdsquez, C., Rodriguez, K.,
Pinedo-Castro, M., Shostell, J. y Leguizamon, N. 2010.
Molecular phylogenetics and phylogeography of the whi-
te-fronted capuchin (Cebus albifrons; Cebidae, Primates)
by means of mtCOII gene sequences. Mol. Phylogenet.
Evol. 57: 1049-1061

Rylands A. B., Mittermeier, R. A., Bezerra, B. M., Paim,
E P, Queiroz, H. L. 2013. Species accounts of Cebidae.
In: Handbook of the mammals of the world. Volume 3, R.
A. Mittermeier, A. B. Rylands, D. E. Wilson (eds.), pp.
390-413. Lynx Edicions, Barcelona.

Sénchez Castillo, J. S. 2015. Reconstruccién de la filogenia
y filogeografia del mono maicero cariblanco (Cebus albi-

frons) a partir del gen mitocondrial Citocromo Oxidasa




Neotropical Primates 24(2), December 2018

63

II. Trabajo de grado en Biologfa y Ecologia. Pontificia
Universidad Javeriana, Bogotd, Colombia.

Savage, A., Giraldo, H., Soto, L. H., Garcia, F. E. y Nassar
Montoya, E 2003. Proyecto Titi: Establecimiento de Téc-
nicas de Campo para el Monitoreo a Largo Plazo del Titi
cabeza blanca (Saguinus oedipus) en Colombia. En: Pri-
matologia del Nuevo Mundo: biologia, medicina, manejo y
conservacion, V. Pereira-Bengoa, F. Nassar-Montoya and
A. Savage (eds.), pp. 40-70. Bogotd.

Savage, A. y Causado, ]. 2014. Saguinus oedipus.
The IUCN Red List of Threatened Species 2014: e.
T19823A17930260. http://dx.doi.org/10.2305/ITUCN.
UK.2014-3.RLTS.T19823A17930260.en. Consultado
el 14 de septiembre de 2017.

Solari, S., Munoz-Saba, Y., Rodriguez-Mahecha, J. V., De-
fler, T. R., Ramirez-Chaves, H. E. y Trujillo, E 2013. Ri-
queza, endemismo y conservacién de los mamiferos de
Colombia. Mastozool. neotrop. 20: 301-365.

Stevenson, P R., Guzmdn, D. C. y Defler, T. R. 2010.
Conservation of Colombian primates: an analysis of pu-
blished research. Trop. Cons. Sci. 3: 45-62.

Torres, O. M., Enciso, S., Ruiz, E, Silva, E. y Yunis, L.
1998. Chromosome diversity of the genus Aorus from
Colombia. Am. J. Primatol. 44(4): 255-275.

Yepes-Quintero, A., Duque-Montoya, A. J., Navarrete-En-
cinales, D., Phillips-Bernal, J., Cabrera-Montenegro, E.,
Corrales-Osorio, A., Alvarez-Ddvila, E., Galindo-Garcia,
G., Garcia-Ddvila, M. C., Iddrraga, A., Vargas-Galvis, D.
2011. Estimacién de las reservas y pérdidas de carbono
por deforestacion en los bosques del departamento de
Antioquia, Colombia. Actu. Biol. 33: 193-208.




64 Neotropical Primates 24(2), December 2018

EDGE HABITAT PREFERENCES IN THREE TITI MONKEY SPECIES IN COLOMBIA (CHERA-
CEBUS LUGENS, CHERACEBUS TORQUATUS LUCIFER AND PLECTUROCEBUS ORNATUS)

Thomas Richard Defler! and Xiomara Carretero-Pinzén?

! Universidad Nacional de Colombia. Bogotrd, D.C., Colombia
2 University of Queensland, Hobart, Queensland, Australia

Abstract

The three titi monkeys Cheracebus lugens, Cheracebus torquatus lucifer and Plecturocebus ornatus prefer edge habitat when
occurring in extensive forests. We present preliminary data showing that these three species exhibit their highest densities
at the edges of forest types. In gallery forests of Vichada department, Cheracebus lugens has densities of 8 groups / km?*. We
found that the same species had crude densities of 0.68 groups/km? in Vaupés department, while their densities increase in
edge habitats to 17.5 groups/km?®.  Cheracebus torquatus lucifer in Amazonas department exhibits 0.47 groups/ km?* crude
densities, while their highest densities are in edge habitats along the Cotuhé River at 17.5 groups/km’. In a large 1,080 ha
forest fragment in Meta department, Plecturocebus ornatus exhibit higher densities (around 15 - 17 individuals /km?) in edge
habitats facing savanna, as opposed to their overall crude densities throughout this large forest fragment (1.07 ind/ km?).
In the case of these P ornatus, the edge habitat is floristically more diverse than the forest 600-700 m away from the forest
edge. But, in Vaupés, the edge habitats used by C. /ugens are less diverse than forest in hilly areas found towards the interior
of the forest, where Cheracebus densities are lower. There are no comparative floristic diversity data for the forest inhabited
by the C. rorquatus lucifer in this study. Edge habitat preference is an ecological advantage for species like 2 ornatus when
its habitat experiences high rates of loss and fragmentation.

Keywords: Forest choice, primate microhabitats, titi monkeys.
Resumen

Cheracebus lugens, Cheracebus torquatus lucifer y Plecturocebus ornatus prefieren hébitat de borde de bosque cuando estos
primates se encuentran en bosques extensos. Presentamos datos preliminares que muestran que estas tres especies presen-
tan densidades mds altas en los bordes de bosques de varios tipos. En bosques de galeria del departamento del Vichada,
Colombia, Cheracebus lugens presenta densidades de 8 grupos / km?. La misma especie tiene densidades brutas de 6.1
grupos/km? en el departamento del Vaupés, mientras que sus densidades aumentan en habitats de borde de bosque a 17.5
grupos/km?. Cheracebus torquatus lucifer en el departamento de Amazonas tiene una densidad bruta de 8.1 grupos / km?,
mientras que sus densidades mds altas se encuentran en hdbitats de borde a lo largo del rio Cotuhé (17.5 grupos / km?). En
un gran fragmento de 1,080 ha en el departamento del Meta, observamos las densidades mds altas de Plecturocebus ornatus
(alrededor de 50-60 individuos / km?), en hdbitats marginales frente a una sabana, en comparacién con densidades brutas
totales de 1.07 ind/ km? en este fragmento grande de bosque. En el caso de estos P ornatus, el hbitat de borde de bosque es
floristicamente mds diverso que el bosque a 600-700 m del borde del bosque. Sin embargo, en Vaupés, los hébitats del borde
utilizados por C. lugens son menos diversos que los bosques en las zonas de colinas encontradas hacia el interior del bosque,
donde las densidades de titis son mds bajas. No hay datos comparativos de diversidad floristica para el bosque habitado por
C. rorquatus lucifer en este estudio. La preferencia del hdbitat de bordes de bosque es una ventaja ecoldgica para especies
como P ornatus cuando el hdbitat experimenta altas tasas de pérdida y fragmentacién.

Palabras clave: Seleccion de bosque, microhdbitats para primates, micos titi.

Introduction personatus have high densities in areas of secondary veg-

etation as opposed to lower densities in adjacent montane

Interesting and variable densities have been observed in
various titi species, which often vary according to forest
types. For example, several species of titi monkeys are
known to have patchy distributions with low densities in
extensive, closed-canopy forests and high densities in other
types of forest habitat. Plecturocebus moloch of the Xingu-
Tocantins interfluvium in the southern Brazilian Amazon
shows sparse and interrupted distributions (Ferrari et al.,
2007) suggesting habitat preferences. Callicebus personatus

pluvial forest (Déda-Chagas and Ferrari, 2010; Pinto et
al., 1993; Garcia-Chiarello, 1994). Wagner et al., (2009)
found high densities of Plecturocebus ornatus in many frag-
ments in the Llanos Orientales but there was no correlation
of densities to fragment size and densities of this species are
higher in fragments and secondary and disturbed forest,
than in primary forests (Wagner et al., 2009; Mason, 1968;
Polanco and Cadena, 1993; Herndndez-Camacho and
Cooper, 1976).
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In Peru, van Kuijk (2013) found that Plecturocebus oenanthe
preferred the boundary between primary and secondary
forest over the primary and secondary forest interiors. In
Ecuador Plecturocebus discolor was detected most often in
liana forest (28%), in forest clearings (24%) and in high
forest (24%) located in valleys (28%), slopes (24%), and
terraces (24%) (Pozo, 2004).

Several species of titi monkeys live in forest fragments and
many are endangered. Plecturocebus barbarabrownae are
found in very reduced populations distributed in dry forest
fragments in Bahia, Brazil. The species is Critically Endan-
gered and there is not enough of the original forest to be
able to define the species” habitat preferences (Printes et al.,
2011). Plecturocebus modestus (En — Endangered, Veiga et al.
2008a)) and P olallae (En — Endangered, Veiga et al. 2008b)
(the two species in the Rio Beni, Bolivia) exist in remnants of
forest vegetation surrounded by grazed woodland on cattle
ranches, just as Plecturocebus ornatus and Plecturocebus ca-
quetensis (Defler, 2010; Garcfa and Defler 2013). The first
two species are over-hunted and currently three are listed an
endangered (EN) (Felton et al., 2006; Veiga et al., 2008a,
2008b) while Plecturocebus caquetensis is listed as Critically
Endangered (CR) (Defler and Garcia 2012).

Here we discuss the patterns of density in three titi taxa
(Cheracebus lugens, Cheracebus t. lucifer and Plecturocebus or-
natus; Cheracebus torquatus lucifer is a taxon with the same
karyomorph as Cheracebus torguatus (Bueno and Defler
2010; Benirschke and Bogart 1976), so we consider that
Cheracebus lucifer is not a good species but is rather a subspe-
cies of Cheracebus torquatus). We consider some hypotheses
that could explain these variable densities. We also recog-
nize that habitat preferences of many titi species include a
positive edge effect and this is positive for their survival in
forest fragments. There is no confirmation that Cheracebus
lugens in Colombia is actually that species rather than C. z
lucifer. Despite distinguishing characters defined by Hersh-
kovitz (1990) between these two species, the phenotypes are
not distinguishable and can only be distinguished by karyo-
type and molecular differences (Defler, unpublished data).
Herndndez-Camacho realized that phenotypically the two
were not distinguishable so he named all black Cheracebus
in Colombia C. lugens (Hernandez-Camacho and Cooper,
1976). Using karyotype, we have confirmed that southern
populations of Cheracebus in Colombia are, indeed, C. tor-
quatus lucifer (not C. lucifer) (Bueno and Defler, 2010). But
whether the northernmost populations of Cheracebus are C.
lugens must be confirmed, although that species has been
identified on the right bank of the Rio Negro and naturally
could extend into Colombia (Casado et al. 20006).

Methods
Density estimations

Densities of Cheracebus lugens in Vichada, Colombia, gal-
lery forests, were calculated using a series of experimental

transect censuses during 1979 in El Tuparro National Park,
Colombia. The censuses began near the western gateway to
the Park, Tapén (5°06°46"N, 69°08°55”W). Because the
primate densities were already known from direct counts
and knowledge of the groups present, the idea was to evalu-
ate the efficacy of transect censuses on the three diurnal pri-
mates that were present. Since the program DISTANCE
was unknown at the time, averages were calculated from
repeat censuses and a detection width was used to calculate
actual densities (Defler and Pinto 1985) (Fig. 1).
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Figure 1. A censused gallery forest at Tapén (El Tuparro National
Park) in Vichada, Colombia, showing the 5km census route and
some measurements of the width of the forest.

2. During the years 1982-1984 six primates of a pristine
closed-canopy forest in southern Vaupés (Estacién Bioldgi-
ca Capard, since changed to Estacién Biolégica Mosiro Ita-
jura — Caparti - 1°04°58”S, 69°30°49”W) were censused
monthly using a line transect, beginning from the edge of a
lake towards the interior of the forest to 5 km (accumulated
repeat censuses equaled 264 km). The transect towards the
forest interior included 900 m of Plio-Pleistocene terrace
forest and 4 km of hill forest. Also, the edge of the Igapé
forest (blackwater flooded forest) was censused by canoe for
10 km (five on each side of the lake). The repeat censuses
on the lake totaled 212 km. DISTANCE 4.0 was used to
calculate the six primate species” densities. There was an
adjacent band of C. lugens groups parallel to the Igapé edge
(although they only very rarely entered the Igapé), follow-
ing the edge of the Pleistocene river terrace above the lake.
The band parallel to the lake edge was calculated theoreti-
cally based on an adjacent string of four known groups at
the edge of the Pleistocene river terrace, that in all cases
descended to the edge of the local Igapé using a transition
type forest between the Igapé and the Pleistocene terrace
forest. A similar band of C. /ugens groups was found along
a creek one kilometer from lakeside. The animals entered
and used two different forest types on the opposite sides of
the creek (Fig. 2). Habitat types were previously identified
by Carvajal et al. (1976).
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Figure 2. Census area at Estacién Bioldgica Mosiro Itajura -
Caparti from lake-side through forest types of Transition (be-
tween the Igapé and Pleistocene terrace forest), Pleistocene ter-
race forest, Creck bottom forest and, Hill forest (see Defler and
Defler, 1996 for more discussion of forest types).

3. At the study site of another pristine forest site (3°32°09.8”S,
69053’27.2.6°W) in southern Colombia, department of
Amazonas, and parallel to the Amacayacu National Park, a
census series of a five kilometer transect into the interior of
the forest was carried out during the years 2000-2001 for a
total of 264 km of repeat censuses, and was analyzed via the
DISTANCE 4.0 program. Again, a population of Cherace-
bus t. lucifer along the edge of the river Purité, of five known
groups, was used to calculate a theoretical density along the
river that was much higher than that on the interior of the

forest (Defler, 2013) (Fig. 3).
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73°41'56”W) were censused for local primates, and den-
sities calculated based on direct counts of individuals or
troops at each fragment. A large fragment totaling 1,050
ha was censused and data was processed using DISTANCE
6.0 (Fig. 4).
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Figure. 4. Census sites in Meta department, near San Martin,
during 2004-2009. The largest fragment with the red dot is
shown with more detail in figure 5. It is part of the Las Unamas
Reserve, a private natural reserve belonging to RESNATUR (As-
sociation of the Colombian System of Natural Reserves of the
Civil Society).

5. During 2010-2012 the same large fragment that had
been censused by Carretero-Pinzén (2013ab) (Fig. 5;
3°34°27.1"N, 73°27°09.9”W) was analyzed for the edge
population of P ornatus closest to the savanna (Defler, un-
published data). We calculated an ecological density using
a determined home range of one group (about 5 ha), built
up using about 250 hours of observations and extend-
ing these data through the observed band of interlocking
groups (Fig. 5).
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Figure 3. Census site on Purité River, Amazonas department
(Omé Ecological Station) showing differing topography from
floodable forest to dry upland forest.

4. During the years 2004-2009 eight forest fragments north
of the town of San Martin, Meta department (3°41°54” N,

Figure 5. Large 1,000 ha forest (the Unamas Natural Reserve,
3°34'27.1”N, 73°27°09.9”W) in Meta department, Colombia,
with some measurements indicated. The white circle marks the
owner’s house.
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Results

The calculated densities are listed in Table 1.

Table 1. Titi densities in different types of habitat in eastern Colombia.

Species Type of Habitat Densities Citation

C. lugens Gallery forest 8 groups/ km*>  Defler and Pintor, 1985
Interior of Amazonian forest, Estacién Bioldgica Mosiro )

C. lugens Ttajura - Capard, Vaupés, Colombia 0.68 groups/ km*  Defler, 2003, 2013
Parallel to igapé in Amazonian forest, Estacion Biolégica )

C. lugens Mosiro Itajura -Caparti, Vaupés, Colombia 17.5 groups/ km Defler, 2013
Creek bottom in Amazonian forest, Estacién Bioldgica 5

C. lugens Mosiro Itajura -Capart, Vaupés, Colombia 17.5 groups/ km? - Defler, 2013

Ct. bucifor Interior of Amazon{an forest, Estacién Ecolégica Omé, 0.16 groups/ km®  Defler, 2013
Amazonas, Colombia

C 1. bucifer River edge in Amaz?nlan forest, Estacién Ecolégica Omé, 18.1 groups / km®  Defler, 2013
Amazonas, Colombia

P ornatus Forest fragments, Meta, Colombia 7.61 —52.98 groups km?  Carretero-Pinzén, 2013a,b

P ornatus 1,000 ha fofeSt Las Unamas”, Meta, Colombia 1.07 groups/km*  Carretero-Pinzén, 2013a,b
(crude density)

D ormatus Population bordering savanna (ecological density) or large 15-17 groups / km?  Defler, unpublished data

1,000 ha forest “Las Unamas”, Meta, Colombia

In the Vichada gallery forest (Fig. 1) the titi monkeys have a
border (or edge) on two sides of their territory. This should
hypothetically promote a strong “edge effect” and perhaps
be reflected in the fairly high densities of 8 groups/km?
that we calculated, based only on 56 accumulated kilome-
ters of census effort. However, the well-defined borders of
the habitat and visual recognition of each group resulted in
high confidence in the calculation.

Figure 2 depicts the more complex topography and forest
types in Estacién Bioldgica Mosiro Itajura - Caparti and
outlines known groups of Cheracebus lugens. The highest
densities at Mosiro Itajura-Caparti are found in the band
of transitional vegetation that extends from the edge of the
Igapd up to the Pleistocene terrace forest, which is 10-11 m
above the highwater of the Igapé. These high densities are
repeated along the “bajo” or flood plain of the inland creek
that passes near the installation of the research station (1
km via the principle trail from the edge of the Igapéd), and
ecological densities here attained about the same densities
as the lakeside Cheracebus. The Plio-Pleistocene hill forest,
considered the most diverse forest type botanically accord-
ing to Defler and Defler (1996), was later contradicted by
Clavijo et al. (2009) who concluded that the Pleistocene
terrace forest is the most diverse forest type. The Pleisto-
cene terrace forest is not used by the titis except from the
creek flood plain and from the transition forest. The hill
forest is very sparsely inhabited by titis.

Figure 3 illustrates the use of forest along the Purité River,
including high densities of titis along the Purité River
(a partial limit of the Amacayacu National Park). The

majority of the forest use of the titis takes place over sea-
sonally inundated forest, but the use extends partially into
forest on hilly topography that does not flood. After leav-
ing the influence of the utilized edge vegetation after about
800 m, there was only one group of titis along the rest of
the Skm trail.

Figure 4 illustrates the highly fragmented habitat in west-
ern Meta Department, where censuses has taken place. The
largest censused fragment is a 1,000ha forest that is part of
the Natural Reserve Las Unamas and represents perhaps,
the last of the remaining forest of western Meta, except for
a large, closed-canopy forest along the Guayabero River to
the south. The interior of these large forest appears to have
very low densities of titis.

Figure 5 shows a closer view of the large, 1,000 ha forest in
Las Unamas Natural Reserve. Extensive censuses here show
very low densities except for the edges, where high densities
are present.

Discussion

Although the majority of edge effects on different biota are
negative, some species have been affected in positive ways.
Some species might show positive, negative and neutral re-
sponses according to the edge type (Ries and Sisk, 2004;
Murcia, 1995). There are three categories of effects on any
habitat type, abiotic effects (changes in the environmental
conditions), direct biological effects (changes in abundances
and distribution of the species caused by the physical con-
ditions) and indirect biological effects (species interactions,




68

Neotropical Primates 24(2), December 2018

pollination and seed dispersal) (Murcia, 1995). An abrupt
end to a forest that might be facing a savanna or a body
of water is an extreme edge that might generate extremely
different conditions, such as xeric or hydric conditions and
a complete absence of the forest type (abiotic effects). But
other edges can be the interface of two types of forest (such
as at the Estacién Bioldgica Mosiro Itajura - Capart) that
also generate an edge effect because of very different flora
that do not sustain the same fauna or, does so very poorly
(direct and indirect effects).

Faunas can be abruptly different across different floras that
are in contact (direct biological effect), for example, Klein
(1989) and Spector and Ayzama (2004) have illustrated the
abrupt changes in dung and other beetles across changes
in vegetation, both within a forest and the forest/savanna
ecotone. Many edge effects of birds have been illustrat-
ed (Broadbent et al., 2008; Burkey, 1993) and mammals
(Harding and Gomez, 2006; Offerman et al., 1995). Sev-
eral species of primates have also been identified that are
sensitive to edge effects both positively and negatively, such
as positive effects for lemur density (Lehman et al., 2006),
positive effects for Alonatta macconnelli and Saguinus midas,
and negative effects for Ateles paniscus, and neutral effects
for Chiropotes chiropotes, (Lenz et al., 2014).

Titi distributions often show strikingly dissimilar abun-
dances within their distributional areas. Since the previous
genus Callicebus has recently been split into three genera
(Byrne et al., 2016) (Callicebus, Cheracebus and Plecturoce-
bus), it seems a bit more complicated to treat the group as
one, although the group as a whole has many similarities
such as general morphology, monogamy (rare in primates),
territorial defense (but with some home range overlap),
paternal care of infants, frequent use of lower forest strata
(8-15 m), and, frequent terrestrial behaviors including
travel between forest fragments (Bicca-Marques and Hey-
mann, 2013). Some differences have been noted, such as
supernumerary adults observed in some species but not in
others (Cheracebus lugens, C. . lucifer, Plecturocebus cupreus,
P modetus and P personatus; Bicca-Marques and Heymann,
2013; Defler, 1983).

Only a few titi species have been identified that seem to
have greater abundances along water courses, on edges
of forest types or other special but often undefined veg-
etation types, but often the same species abundances fall
(sometimes drastically) in parts of the same forest but away
from the high-density areas. Ferrari et al. (2007) found
no P moloch whatsoever while censusing 812 km of forest
within the known distribution of the species. Kulp and
Heymann (2015) found no effects of forest edges and sec-
ondary forest on red titi (2 cupreus) abundances. Heiduck
(2002) found that P melanochir preferred primary forest
and avoided disturbed forest.

An important difference of our studies from some of these
other studies is that the edges of the forests that we studied

along savannas were undisturbed, natural edges that had
not been disturbed by recent fragmentation. Our data
showed that Cheracebus lugens and C. t. lucifer and P orna-
tus enjoyed high densities in certain types of forest such as
northern gallery forests of Vichada, and vegetation bands
associated with wetlands in Vaupés and in southern Ama-
zonas, Colombia. They were very sparsely distributed in
upland, inland forest. We found high densities of 2 ornatus
in forest fragments and along the edge of a large, 1,000 ha
forest, bordered by savanna.

Cheracebus lugens in the Estacién Bioldgica Mosiro Itajura
— Capard, generally show widely separated groups in the in-
terior of the forest. For example, a five-kilometer census at
this site only detected one group in the last four kilometers
of the trail, despite 250 km of repeat surveys over that trail.
This pattern of very low densities in the interior of the forest
is repeated by Cheracebus t. lucifer on the Purité River, south-
ern Colombian Amazon (Defler, 2013) and by Plecturocebus
ornatus in closed-canopy Colombian forest near the Duda
River, Meta department (Carretero-Pinzén, 2013a,b; Po-
lanco and Cadena 1993; Stevenson pers. com.). The more
homogeneous densities of C. /ugens in the Vichada gallery
forests may be due to the fact that the habitat was all edge
habitat. This may explain the often, high densities of 2 orna-
tus found in fragments in the llanos of western Meta as well
(Carretero and Defler, 2013; Wagner et al., 2009; Carretero-
Pinzén, 2013a,b) in contrast to the very low crude species
densities in a large 1,000 ha fragment in Meta, Colombia.

Despite low overall crude densities of C. /ugens in a pristine
rainforest habitat in Vaupés, edge habitats defined by dif-
ferent forest types support an ecological density that was
much higher than the crude density throughout the forest.
Although these high density ecological belts were not at the
edge of a forest bordering savanna, they were centered over
special types of forest (Transition forest and Creek bottom
forest) while extending in part into Pleistocene river terrace
forest. The transition forest was sandwiched between Igapé
forest (where the animals were never observed) and the
river Terrace forest which were found to be of high diversity
(Defler and Defler, 1996; Clavijo et al., 2009). The Creek
bottom forest was sandwiched between high diversity hilly
Pliocene forest and the high diversity river terrace forest.
In the Colombian Llanos, where Cheracebus lugens exists
in some pristine gallery forests of Vichada, the density of
this primate was elevated and evenly spread throughout the
study forest (Defler and Pintor, 1985).

In southern Colombia, a population of Cheracebus t. lucifer
repeated the pattern of Cheracebus lugens at Capart with a
low, overall crude density throughout the interior of the
forest, but with a very high ecological density along the
Purité River. These data show that Plecturocebus ornatus,
Cheracebus. lugens and C. t. lucifer generally have higher
densities in edge habitats, whether the edge of a forest or
a habitat defined by specific types of vegetation (C. lugens)

such as at Mosiro Itajura - Capart).
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What it is that attracts several species of Callicebus to edge
habitat is not so clear. One assumes that these habitats
have a higher concentration of foods for these monkeys.
In the large 1,000 ha forest at Las Unamas the edge habitat
is botanically more diverse than interior parts of the forest
(Carretero and Defler 2016). This could be part of the
explanation, but in the Estacién Bioldgica Mosiro Itajura
- Capart, the high-density strip around the lake is found
in low-diversity vegetation, while the highest diversity veg-
etation in hilly forest (beginning about 1 km from the lake
and its Igapd) has very low densities of Cheracebus lugens
(Defler and Defler, 1996; Cano and Stevenson, 2009).
Plant diversity at the Omé Ecolégical Station is unknown,
although the high density Cheracebus habitat tends to be in
low-lying parts of forest that floods when the nearby river
floods. The inland, sparsely populated forest is hilly and
well-above floods.

Alouatta seniculus is known to have similar edge habitat
preferences in Colombia, although this species is more apt
to concentrate in edge habitat over seasonally flooded veg-
etation when leaf flush is high. This large primate has been
found in higher densities along the edge of the Amazonian
lake where the species has been studied (Palacios and Ro-
driguez, 2001). From extensive censuses in that locality we
know that A. seniculus densities in the interior of the forest
are so extremely low, that we could not even detect the
species during the 2 %2 years of censuses. But the species
was easily detectable from the edge of the forest and espe-
cially when there was leaf flush. During early high water in
the llanos of Vichada the high densities of A. seniculus are
obvious due to their vocalizations, just as they are in the
Amazonian lake where the Estacién Biolégica Mosiro Ita-
jura - Capart is located. We have posited that the high A.
seniculus densities are due to the early high-water leaf flush
which is extensive (Carretero and Defler, 2017), and typi-
cal of early high water tropical environments. But this does
not seem to be an adequate explanation for high edge den-
sities of the various species of titis discussed in this article.

Edge effects might have ecotone effects that allow the titis
to exploit more than one habitat type, since the ecotone
presents a variation in plant species available. From this
perspective, an edge to a forest might allow an elevated
insect and spider population and some preferred trees that
are attractive to many titis. Ecotones in a closed-canopy
forest might also support a special mix of vegetation that
is especially attractive to titis and that allows the mainte-
nance of the local titis population. In future research a
careful analysis of specific requirements for the titi popula-
tion living in one of these higher density population should
eventually identify special characteristics of this type of
habitat that support such a population.
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Introduccién

En Sudamérica varios centros se dedican a la conservacién
de especies de primates neotropicales (Aquino et al., 2007;
Fi Freitas et al., 2001; Chinchilla et al., 2005). En ellos,
las enfermedades asociadas a pardsitos gastrointestinales se
incluyen entre los problemas clinicos, debido especialmen-
te a la gravedad de los cuadros que pueden ocasionar y su
potencial zoondtico (Gonzalo y Tantaledn, 1996; F Freitas
et al., 2001; Chinchilla et al., 2005; Sdnchez et al., 20006).

Cryprosporidium spp. es un protozoo de interés en salud pa-
blica que puede ser causante de diarreas de forma esporddica
o epizodtica (Feng, 2012). Su importancia en el contexto de
los centros de rescate de animales salvajes reside en factores
que pueden favorecer su transmision, como el mantenimien-
to de una alta densidad de animales en ambientes confinados
(Cambronero et al., 2007). La criptosporidiosis se asocia
con diarreas autolimitantes tanto en humanos como en di-
ferentes especies animales inmunocompetentes, pero el cua-
dro diarreico puede ser grave, persistente e incluso mortal
en individuos inmundeprimidos (Chalmers y Davies, 2010;
Ryan et al. 2016). En este grupo se incluyen especialmente
las inmunodeficiencias primarias o secundarias de linfocitos
T, como sucede en casos de linfomas, leucemia o, pacientes
con Sindrome de Inmunodeficiencia Adquirida (SIDA), en
los que se han descrito incluso localizaciones extraintestina-
les (tracto respiratorio, conductos biliares, pdncreas) (Hunter
y Nichols, 2002; Chalmers y Katzer, 2013; Checkley et al.,
2015). También en primates no humanos se han descrito
casos de criptosporidiosis, en ocasiones correlacionados con
inmunodeficiencias de origen infeccioso y con localizacio-
nes extraintestinales (Blanchard et al., 1987; Kovatch et al.,
1972). A la fecha, varias especies del parasito y genotipos
potencialmente patégenos para el hombre han sido iden-
tificados en primates no humanos incluyendo Cryptospori-
dium parvum, C. hominis, C. felis, C. muris C. ubiquitum
C. andersoni y C. bovis, destacindose C. parvum en especies
de primates del Nuevo Mundo (Azeles, Alouatta) (Du et al.,
2015; Silva et al., 2008; Xiao y Fayer, 2008). Otros proto-
zoos encontrados en primates del Nuevo Mundo son Blasto-
cystis hominis, Endolimax nana, Chilomastix mesnili, Giardia

intestinais, Entamoeba coli, lodamoeba buetschii y Entamoeba
histolytica (Kimberley et al., 2004; Silva et al., 2008).

Presentacién del caso

Se presenta el caso ocurrido en enero de 2016 en un ejem-
plar hembra de Callicebus nigrifons llamada Gavriola, acogi-
da desde temprana edad en el centro de rescate de primates
neotropicales Projeto Mucky situado en el municipio de Itu,
Brasil. Su edad estimada era de dos afios y compartia vive-
ro con un macho adulto de su misma especie y un macho
juvenil descendiente de ambos. La dieta de los tres indivi-
duos era racionada en tres tomas al dia y contenfa un gran
porcentaje de frutas y vegetales verdes (aproximadamente el
70% de la dieta) en concordancia con la dieta de la especie
en estado silvestre (Carrillo, 2005; Varela, 2007). La dieta
también incluia proteina de origen animal como huevo her-
vido o carne de pollo (alrededor del 15%) y se complemen-
taba con papillas de cereales, insectos vivos y suplementos de
vitaminas y oligoelementos. Para el forrajeo, los animales
solian disponer de hojas seleccionadas por sus cuidadores a
disposicién ad libitum. Cada seis meses se les realizaba una
desparasitacion con Albendazol (dos tratamientos de tres
dias consecutivos con un intervalo de quince dfas entre am-
bos), siendo aplicado el tltimo en julio de 2016. La hembra
tenfa un peso de alrededor de 1.5kg y antecedentes de graves
episodios de estrés derivados del contacto con humanos, sin
otros datos clinicos destacables.

En noviembre de 2015 se constata que el animal estd apdti-
co, pierde peso y presenta sintomas compatibles con estrés
(ausencia de apetito y vocalizacién e inactividad) (Briine
et al.,, 2006; Varela2007). El cuadro no se resuelve tras
tratamiento con Metronidazol 4% (0.5 ml via oral cada
12h durante cinco dfas) ni con cambios realizados en el
vivero para favorecer el consumo de alimentos. El animal
continda con estos sintomas en las semanas siguientes y el
2 de enero de 2016 se observa un estado de postracién alar-
mante y la aparicién stibita de un cuadro de diarrea liquida,
abundante y sin sangre. Ese mismo dia se reanuda el tra-
tamiento con Metronidazol y se decide trasladar al ejem-
plar de Callicebus nigrifons a la enfermeria del Centro, para
poder examinarla y observarla de forma continuada. Tras
su exploraciéon se comprueba que estd postrada, presenta
pérdida de peso del 20% en relacién con registros anterio-
res, estd deshidratada y sus mucosas se encuentran pélidas
y secas. Otros pardmetros como la frecuencia cardiaca, fre-
cuencia respiratoria, temperatura corporal, tamafno de los
linfonodos y, la reaccién a la palpacién abdominal, parecen
normales segtin los pardmetros establecidos (Varela, 2007).
Se constata un cuadro de diarrea constante, incoercible, li-
quida, amarillenta y sin moco ni sangre.

Durante los tres siguientes dias el animal permanece en un
espacio tranquilo de la enfermaria del Centro, con signos de
dolor, postracién, abdomen hinchado, flatulencias y act-
mulo de gas en el tracto digestivo. Ademds del tratamien-
to con Metronidazol iniciado el dia anterior, se instauran
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medidas de rehidratacién convencional, antiespasmdédicos
(Dipiriona, n-butil bromuro de hioscina) y Simeticona.
En este periodo, el animal presenta dos crisis caracterizadas
por postracidn, baja frecuencia respiratoria, temperatura
corporal baja (35.4°C) y reflejos pupilares altamente dis-
minuidos que mejoran parcialmente con soporte médico.
Durante el ingreso se consigue la alimentacién oral con
tenebrios vivos y un preparado comercial altamente nutri-
tivo. El 4 de enero transcurre sin cambios destacables en el
cuadro y se recogen dos muestras de heces directamente del
ano, una para coprocultivo en un laboratorio externo y otra
se conserva a 4°C en una solucién de dicromato de Potasio
al 2% para su estudio parasitolégico. También se toma una
muestra de sangre que se remite a un laboratorio.

El dia 5 de enero se reciben los resultados del andlisis de
sangre, indicando varios pardmetros muy alterados (Vare-
la, 2007); moderada anositocisis y policromasia, anemia
microcitica y normocrémica (hematocito 23% y hemog-
lobina 8 g/dl, volumen corpuscular medio levemente bajo
(79.58 fl), concentracién de hemoglobina corpuscular me-
dia normal, bajas proteinas totales (4.6 g/dl), neutréfilos
hipersegmentados, muy destacable leucopenia, linfopenia
y monocitopenia. Ese mismo dia se inicia un tratamiento
preventivo con Ceftriaxona y oxigenoterapia. El animal fa-
llece esa misma noche y se decide no practicar medidas de
reanimacion. La necropsia del animal revela hemorragias
difusas en la mucosa interna de yeyuno e ileon, paquete
intestinal distendido con un poco de contenido acuoso,
colitis no muy marcada y el estdmago presenta moderado
acimulo de comida sin digerir. No se observan cuadros
gastrointestinales agudos en otros animales del centro.

Tras la muerte del animal se dispone de los resultados del
andlisis parasitoldgico realizado en los laboratorios del
Departamento de Medicina Veterindria Preventiva e Saide
Animal de la Universidad de Sao Paulo. En dicho anilisis
se utilizé una técnica de sedimentacién y flotacién en solu-
cién de sacarosa (Ferreira et al., 1962; Ogassawara y Benas-
si, 1980), revelando la presencia de abundantes ooquistes
de Cryprosporidium en las heces del animal.

Discusién

La infeccién por Cryptosporidium spp. se transmite por
la ingestién de ooquistes eliminados en las heces de otro
hospedador, bien por contacto directo o indirectamente a
través de comida o agua contaminada (Hunter y Nichols,
2002, Checkley et al., 2015). Las medidas de tipo higiéni-
co-sanitario més eficaces para prevenir la infeccién incluyen
la limpieza y desinfeccién de los alojamientos (especialmen-
te antes de introducir nuevos animales) y el aislamiento de
los animales enfermos. Es también importante evitar el es-
trés de los mismo y mantenerlos en buen estado de salud en
general. Los dos viveros donde permanecieron los tres Ca-
Ulicebus nigrifons fueron desinfectados de forma preventiva.

A pesar de que la presencia de Criptosporidium spp. ya ha
sido reportada anteriormente en primates (Du et al., 2015;
Silva et al., 2008; Xiao y Fayer, 2008), existe poca literatura
que asocie la presencia del parasito con patologias clinicas
en primates neotropicales. En este sentido, debe ser con-
siderada la novedad e importancia del presente caso para
el correcto acompafamiento de futuros casos clinicos en
Callicebus u otras especies de primates del Nuevo Mundo
en cautiverio. En este caso clinico el desarrollo de la pro-
bable criptosporidiosis podria asociarse a la alteracién de
diferentes pardmetros hemdticos relacionados con el estado
inmunolégico. Los resultados de las pruebas clinicas y la
sintomatologfa, podria ser compatible con el “sindrome de
agotamiento”, relativamente comun en algunas especies de
primates neotropicales y cuya etologia no estd completa-
mente esclarecida, aunque se sospecha de su cardcter mul-
tifactorial (Varela, 2007). Este sindrome de complicado
tratamiento podria haber deteriorado el estado general del
animal, favoreciendo la inmunodepresion y el desarrollo de
la criptosporidiosis. No disponemos de datos que apunten
a otras causas responsables de la inmunodepresion, aunque
parecen descartables debido a la falta de evidencias, la epi-
demiologfa y el historial clinico de la hembra.

Otro factor que pudo haber favorecido la aparicién de la
criptosporidiosis en este animal se relaciona con sus con-
tinuos estados de estrés, que terminaron produciendo
anorexia, pérdida de peso y comportamientos anormales
(Briine et al., 2006). La presencia de neutréfilos hiperseg-
mentados, compatibles con infecciones de larga duracién,
asi como la alteraciéon de algunos pardmetros del leucogra-
ma compatibles con situaciones de estrés cronico soportan
esta hipétesis. Es sabido que el estrés afecta negativamente
a la respuesta inmune, favoreciendo la aparicién de enfer-
medades asociadas a una escasa funcionalidad de la misma
(Meyer JS. etal., 2014).

El presente caso nos sugiere que no siempre es posible es-
tablecer una sospecha clinica con la suficiente antelacién.
Hasta el momento en que se instaura el cuadro diarreico
grave, los sintomas observados en el primate no fueron su-
ficientemente especificos. Si bien habfa pérdida de peso,
resultaba dificil apreciar el deterioro del estado corporal sin
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realizar una exploracion fisica. Ademds, los antecedentes
de estrés del animal recomendaban interactuar lo menos
posible con él. De cualquier modo, el primer sintoma alar-
mante y mds especifico se produjo pocos dfas antes de su
muerte, con la aparicién brusca de diarrea liquida; el cardc-
ter agudo de ésta impidié disefiar un tratamiento especifico
y el desenlace fue muy répido.

Cabe destacar que no existen firmacos totalmente eficaces
para el tratamiento de la criptosporidiosis. El cuadro clinico
es normalmente autolimitante en individuos inmunocom-
petentes, lo que hace prescindible el uso de terapia especifi-
ca. Sin embargo, un tratamiento farmacolégico resultaria de
gran interés en individuos inmunodeprimidos. Actualmente
la Nitazoxanida se comercializa en algunos paises, siendo
parcialmente eficaz para la criptosporidiosis (Abubakar et al.
2007). Por tal razén, el tratamiento de soporte resulta esen-
cial en pacientes inmunodeprimidos, basado en la rehidrata-
cién oral o intravenosa, el control del estado nutricional, el
aporte de electrdlitos perdidos y el uso de farmacos anties-
pasmédicos si se requieren. El presente caso clinico sugiere
que el tratamiento sintomdtico no siempre podria revertir
casos graves de la enfermedad (Chalmers y Davies, 2010).
Un dltimo aspecto a tener en cuenta hace referencia a las re-
percusiones zoondticas de Cryprosporidium. Se han descrito
numerosas especies de este género, muchas de las cuales son
compartidas entre los animales y el hombre; C. hominisy C.
parvum entre otras ya han sido descritas en primates no hu-
manos (Du et al., 2015; Ryan et al. 2016; Silva et al., 2008;
Xiao y Fayer, 2008; Cormier y Jolly 2017). Esto confirma el
riesgo que plantea esta patologia para las personas préximas
a estos animales.

Conclusiones

Se presenta el caso de un ejemplar de hembra adulta de
Callicebus nigrifons del Centro de Rescate de Primates Neo-
tropicales Projeto Mucky en Itu, Brasil. A lo largo de va-
rias semanas el animal presenta un cuadro inespecifico con
pérdida de peso, que evoluciona stibitamente a un cuadro
diarreico grave en los cinco dias previos a su muerte. Se
identifican abundantes ooquistes de Cryptosporidium spp.
en sus heces mediante coprologia, lo cual sugiere la conve-
niencia de incluir este parésito en el diagnéstico diferencial
de la diarrea en primates neotropicales. Se destaca que ante
un caso de estas caracteristicas puede ser determinante un
diagnéstico precoz y, a nivel preventivo, se sugiere estable-
cer medidas profildcticas de tipo higiénico-sanitarias. Fi-
nalmente, se senala que Cryptosporidium spp. es un patdge-
no potencialmente transmisible al hombre y representa un
riesgo potencial para la salud de las personas préximas a los
animales infectados, por lo que deben instaurarse estrictas

medidas de bioseguridad.
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ATUALIZACAO DO CONHECIMENTO E PA-
DROES DE PELAGEM DISTINTOS EM GRUPOS
DE ZOGUE-ZOGUE DENTRO DA DISTRIBUI-
CAO GEOGRAFICA DE PLECTUROCEBUS BER-
NHARDIVAN ROOSMALEN ET AL. (2002)
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Dentre os primatas Neotropicais os zogue-zogues consti-
tuem um dos grupos mais diversificados (Rylands et al.,
2000; Van Roosmalen et al., 2002; Wallace et al., 2006;
Rylands et al., 2012). Atualmente sdo reconhecidas 33
espécies (Byrne et al., 2016), Serrano-Villavicencio et al.
(2016) também apontam duas subespécies (Plecturocebus
caligatus caligatus e Plecturocebus caligatus dubius) e um hi-
brido, Plecturocebus stephennashi. Algumas variagoes mor-
folégicas no padrio de pelagem dentro de algumas espécies
também sio citadas na literatura (Printes, 2007; Sousa et
al., 2008; Aquino et al., 2008).

Nos ultimos anos vdrios estudos vém avaliando a taxo-
nomia e distribuicio das espécies de zogue-zogues (Van
Roosmalen et al., 2002; Groves, 2005; Auricchio, 2010
e Byrne et al., 2016). No estudo de Byrne et al. (2016)
estes primatas foram divididos em trés géneros distintos
(Callicebus, Plecturocebus e Cheracebus). O género Che-
racebus com ocorréncia no norte do Brasil, na Colémbia,
Venezuela, Peru e Equador, o Callicebus possui ocorréncia
restrita a floresta Atlntica brasileira e o género Plecturoce-
bus ocorre em todo o Brasil central, nas florestas secas do
Paraguai e Equador, na Colémbia e na Amazonia Peruana
(Van Roosmalen et al., 2002; Byrne et al., 2016). Apesar
destes novos estudos ainda hd lacunas a serem preenchi-
das, pois o grupo ¢ bastante diversificado e complexo, e
questdes taxondmicas e de distribuicio das espécies ainda
nao estdo totalmente sanadas. Outra caracteristica dos zo-
gue-zogues deve-se ao fato do grupo possuir muitas espé-
cies concentradas em certas regiées. Byrne et al. (2016)
aponta ocorréncia de 15 espécies na margem sul do Rio
Amazonas/Solimées, e na porcio sudoeste da Amazdnia
brasileira sao conhecidas quatro espécies, P bernbhardi, P
cinerascens, P brunneus e P miltoni, podendo haver novas
espécies (Rylands et al., 2012).
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No sudoeste da Amazdnia brasileira os estudos com as es-
pécies do grupo iniciaram com Miranda-Ribeiro (1914),
o qual realizou o primeiro registro da espécie alvo do estu-
do, atribuindo o nome Callicebus geoffroyi, posteriormente
sinonimizado para C. moloch por Vivo (1985) e seguido
por Hershkovitz (1990). Em (2002), Van Roosmalen et
al. descreve Plecturocebus bernhardi a partir de espécimes
provenientes do oeste do rio Aripuana, inicialmente a dis-
tribuicdo geografica foi delimitada entre os interflivios
Madeira/Ji-Parand a Aripuani/Roosevelt. Mongio et al.
(2008), aumentou sua distribui¢io para a margem esquer-
da do rio Ji-Parand. Quintino & Bicca-Marques (2013),
registraram a espécie na cidade de Rolim de Moura, Ron-
do6nia. Gusmio e Aguiar (2013) agruparam os registros
empiricos a oeste do rio Ji-Parand e indicaram que o re-
gistro mais ao sul corresponde a Terra Indigena Mequéns.
Alves et al. (2012), relataram a ocorréncia desta espécie na
Reserva Biolégica do Guaporé, correspondente a localidade
mais a sudoeste de sua distribuicio conhecida até entao.

Com estes registros e o aumento da distribuicio da espécie
P bernhardi, surgiram divergéncias, pois os grupos de zo-
gue-zogues localizados a esquerda do rio Ji-parand possuem
diferencas fenotipicas significativas dos grupos localizados
na outra margem do rio. Alguns autores também contestam
a validade da espécie R bernhardi (Auricchio, 2010; Gual-
da-Barros et al., 2012 e Vendramel, 2016), aumentando a
divergéncia acerca da espécie. A espécie também enfrenta
problemas por estar localizada em uma regiao fortemente
impactada pelo desmatamento, motivado pelo avanco da
agricultura, pecudria e extragdo ilegal de madeira (Fearnsi-
de, 2010). Estas atividades causam intensa fragmentagio
florestal, ocasionando perda de habitat para fauna local.
Tornando a 4rea de ocorréncia da espécie fortemente im-
pactada, sobrando apenas mosaicos de fragmentos florestais
inseridos em matriz de pastagem, na maior parte de sua
distribui¢io (Garcia et al., 2013). Este trabalho apresenta
novos registros de P bernhardi no sul de sua distribuicao
geogrifica com a descricdo de variagio geografica de popu-
lagoes situadas & margem esquerda do rio Ji-Parand.

Métodos

Foram observados grupos de zogue-zogues entre os interf-
ltvios Madeira/Ji-Parand, Ji-Parand/Roosevelt e Ji-Parand/
Guaporé, incluido registros bibliograficos e animais atrope-
lados. Nesta regido a fitofisionomia ¢ de Floresta Ombrofi-
la Aberta (Projeto RadamBrasil, 1978) com floresta de terra
firme e inundével (igapd) em quase toda extensdo. Algu-
mas dreas com vegetagdo caracteristicas de cerrado também
sdo encontradas na regido. O clima ¢ quente e mido do
tipo tropical AW, com estacio de estiagem durante os meses
mais frios (junho a setembro) e estagio chuvosa durante
os meses mais quentes (dezembro a marco), com tempe-
ratura média de 26°C (Alvares et al., 2014). Os principais
fragmentos de floresta na regiao sio constituidos por re-
servas legal (RL), dreas de preservacio permanentes (APP)

particulares, parques municipais, terras indigenas e poucas
unidades de conservacio.

Para observagio/registro da espécie alvo foi utilizado um
gravador Sony ICD-PX312 acoplado a uma caixa amplifi-
cadora com vocalizacio do P bernhardi, acionado em frag-
mentos florestais ou dreas com informacées de observacio
prévia da espécie. Registros ocasionais de grupos e de ani-
mais atropelados também foram utilizados. Para andlise de
variagio na coloragio da pelagem foram selecionados onze
caracteres (1- Coroa; 2- Testa; 3- Costeletas; 4- Dorso; 5-
Flancos; 6- Pescogo, Peito e Barriga; 7- Maos e pés; 8- Ore-
lhas; 9- Membros, face externa; 10-Membros, face interna
e 11 - Cauda) adaptados a partir de Gualda-Barros et al.
(2012) e Dalponte et al. (2014).

Resultados e discussao

Foram observados diretamente em campo 129 individuos,
divididos em 55 grupos em 24 diferentes localidades nos
municipios de Cacoal, Pimenta Bueno, Nova Brasilindia
do Oeste, Castanheiras, Colorado do Oeste ¢ Costa Mar-
ques no estado de Rondénia, sudoeste da Amazdnia brasi-
leira. Os dados foram obtidos entre os meses de marco de
2015 a maio 2017.

Com base nessas observacoes verificamos que os grupos de
P bernhardi localizados 2 margem direita do rio Ji-Parand,
possuem a cor da pelagem diferente dos grupos localizados
a margem esquerda do rio (Figs. 1, 2 e 3). Os individuos
localizados a direita do rio possuem o dorso castanho-aver-
melhado, pescogo, peito e barriga alaranjado-escuro e cau-
da enegrecida com a ponta branca, condizendo com a des-
cri¢ao de Van Roosmalen et al. (2002) para a espécie. J4 os
individuos a esquerda do rio possuem dorso castanho-claro
acinzentado, pescogo, peito e barriga com um amarelo-ala-
ranjado e cauda cinza, embranquecendo gradativamente
ate ficar branco na ponta (Tabela 1). Notamos que esta
variagio encontra-se no interflavio Ji-Parand/Guaporé (Fig.
4). Estes resultados corroboram com Van Roosmalen et al.
(2002) e Byrne et al. (2016), uma vez que apontaram os
rios como barreiras para espécies de primatas. Aquino et al.
(2008) em um trabalho com C. torquatus, entre a margem
esquerda rio Napo e na parte superior do rio Itaya na Ama-
zdnia Peruana, também apontam uma significativa variagao
no padrio de pelagem, e o rio isola estes fendtipos.

Descrever variagoes de pelagem ¢ relevante, pois juntamen-
te com a andlise genética, é uma importante ferramenta
para o reconhecimento de uma espécie (Byrne et al., 2016).
Vendramel (2016) apontou que as espécies de zogue-zogues
do grupo moloch nio apresentam diferencas significativas
quanto a sua morfologia, morfometria craniana e dentdria,
sendo a coloragio a principal caracteristica diagndstica para
as espécies do grupo. Serrano-Villavicencio et al. (2016)
demonstram que as variagoes geogréficas devem ser soma-
das as analises moleculares para melhor classificagio taxo-
ndémica. Em conclusio os dados apresentados contribuem
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para o registro destes fendtipos, e apontamos urgéncia de
estudos genéticos aliados aos registros de variagdo morfo-
légica. Pois, a conservagio da biodiversidade nesta por¢io
da Amazonia brasileira estd intrinsicamente ligada ao de-
senvolvimento de estudos que fornecam informacées bé-
sicas sobre as espécies existentes. Com a intensidade com
que a destruicao das florestas vem ocorrendo nesta regiao,

Figura 1. Plecturocebus bernhardi localizada a margem direita do
Rio Ji-Parand, Cacoal-RO. Foto: Odair Diogo da Silva.

aumenta a vulnerabilidade da biodiversidade local sem que
ainda esteja devidamente conhecida. Particularmente, esta
variagdo precisa ser melhor analisada, pois somente fomen-
tando dados podemos sanar duvidas taxonémicas para esse
fendtipo aqui apresentado e criar medidas de protecio que
garantam sua Conservagao na regiao.

Figura 2. Plecturocebus bernhardi localizada a margem esquerda
do Rio Ji-Parand, Cacoal-RO. Foto: Thatiane Costa.
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Figura 3. A) Plecturocebus bernhardi, margem direita do Rio Ji-Pa-
rand, B) Plecturocebus bernhardi, margem esquerda Rio Ji-Parand.
Hustragao: Stephen D. Nash. Conservagao Internacional.

Figura 4. Estrela - registros bibliograficos (Van Roosmalen et
al., 2002 e Auricchio, 2010); quadrados - novos registros de 2
bernhardi tipo; circulos - registros da variagao aqui apresentando.
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Tabela 1. Cor da pelagem utilizada para comparagao entre Pleturocebus bernhardi tipico, localizado a margem direita do rio Ji-parand e

variagio localizada a margem esquerda do rio Ji-parand, no sudoeste da Amazonia brasileira (modificada a partir de Gualda-Barros et al.,

2012 ¢ Dalponte et al., 2014).

Caracteres P, bernhardi tipico Variagio P. bernhardi (Fenétipo novo)
(Margem direita rio Ji-parand) (Margem esquerda rio Ji-parand)

Coroa Preto-acinzentado Cinza

Testa Preto-acinzentado Cinza

Costeletas Alaranjado-escuro Amarelo-alaranjado

Dorso Castanho-avermelhado Castanho-claro acinzentado

Flancos Preto-acinzentado Acinzentado-claro

Pescoco, peito e barriga | Alaranjado-escuro

Amarelo-alaranjado

Maos e pés

Embranquecidos ou prateado

Embranquecidos ou branco acinzentado

Orelhas

Negras com o ultimo tufo branco

Negras com o ultimo tufo acinzentado-claro

Membros (Face externa) | Acinzentado escuro

Acinzentado-claro

Membros (Face interna) | Alaranjado-escuro

Amarelo-alaranjado

Cauda Enegrecida com a ponta branca

Cinza, embranquecendo gradativamente até
ficar branca na ponta
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Régine Vercauteren Drubbel
Marcela Del Viento

Héléne Meunier

Martine Vercauteren

Introduction

Primates display a wide variety of dietary preferences (NRC,
2003; Hublin and Richards, 2009) with the majority of
species being to some extent omnivorous (NRC, 2003;
Hublin and Richards, 2009). Generally, dietary strategies
of primates are linked to body size, with food quality and
levels of animal predation decreasing as body size increases
(Ford and Davis, 1992). Nevertheless, neotropical primates
of similar body size often show adaptations to different di-
ets (Ford and Davis, 1992). Protein intake is a limiting
factor in the primate diet; for maintenance of body mass,
growth and reproduction (NRC, 2003; Ganzhorn et al.,
2017). Whereas smaller bodied species can easily meet
their protein requirements by feeding on insects, this is not
a feasible strategy for larger bodied species (Ganzhorn et
al., 2017).

Large bodied species, including Lagothrix spp., supplement
their diets with leaves, which have higher protein content
than fruits (Ganzhorn et al. 2017), and/or arthropods (Bar-
nett et al. 2013). Another strategy available is to prey on
smaller vertebrates. Vertebrate predation is a widespread
but infrequent behaviour across primate taxa (Butynski,
1982; Fedigan, 1990; Hublin and Richards, 2009; Falético
et al., 2017). Most reports of vertebrate predation in pri-
mates come from Old World primate species. Neotropical
primates are not considered as successful vertebrate preda-
tors as Old World ones (Fedigan, 1990) but, actually, most
field research has focused on largely terrestrial rather than
arboreal species (Butynski, 1982).

Reports of primate-snake interactions normally focus on
predation of the primates involved, for example predation
of Saguinus, Saimiri, Cebus, Alouatta and Chiropotes by boa
constrictors (Boa constrictor) in the Neotropics (Cisneros-
Heredia et al., 2005). Similarly reports exist of predation
on Old World primates by reticulated pythons (Python re-
ticulatus) (Quintino and Bicca-Marques, 2013). Observa-
tions of snake predations are even rarer, perhaps because
of the risks involved, humans being the only primate to
regularly predate on snakes (Fal6tico et al., 2017). To our
knowledge, two reports do exist, one of Tarsius bancanus
consuming a Calliophis intestinalis (Niemitz, 1973), and
the other one in captive Leontopithecus chrysomelas and a
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reintroduced Leontopithecus rosalia preying on coral snakes
(Micrurus sp.) (Pissinatti in press, in Falotico et al. 2017),
although in both cases the primates died from the snakes’
venom (Faldtico et al., 2017).

The yellow tailed woolly monkey (Lagothrix flavicauda) has
a varied diet comprising fruits, leaves, insects, petioles and
other plant parts (Shanee and Shanee, 2011a, 2011b; Sha-
nee, 2014). Recent observations also described geophagy
in this species (Fack, 2016). To date, no reports have been
made of animal predation, including snakes, by L. flavi-
cauda. Here we present the first two observations of preda-
tion of a snake in a wild group of L. flavicauda, occurring
in the dry season.

Methods

Our observations were collected during behavioural fol-
lows on a group of L. flavicauda at the locally named “El
Toro” field site (05°40°83.2”S, 77°55°02.0”W), in the Co-
munidad Campesina Yambrasbamba, located on the eastern
slopes of the Andes in Amazonas department, northern
Peru. The study site comprises approximately 700 ha of
disturbed montane cloud forest, pastures and agricultural
lands between 1,800 and 2,400 m a.s.l. (Shanee and Sha-
nee, 2015).

Data were collected on a group of 21 individuals of habitu-
ated L. flavicauda.: four adult males, eight adult females,
four juvenile females, two juvenile males and three infants.
Data were collected using instantaneous focal animal sam-
pling (Altmann, 1974) during full day follows by one re-
searcher and one local field assistant. Follows were under-
taken on six consecutive days every two weeks, between
06:00 and 18:30 hours during April 2016 and August
2017, both during the dry season.

Results

At 14:15 pm on the 6th of April 2016, the focal individual,
an adult male apart from the social group, was seen hold-
ing a dead snake of the family Colubridae while resting on
a branch ~10m above the ground in a low tree (~13m).
As it was raining at the time we were not able to observe
the initial interaction between the L. flavicauda and the
snake, therefore we do not know if it was found dead or
killed by the focal individual. The focal individual then
moved slowly to another tree, again to rest (-11m off the
ground in a larger tree, ~15m). During this time, the focal
individual was seen visually inspecting the snake, without
vocalizing. At 14:25 pm the focal animal moved again,
still holding the snake, to rest in another tree (-6m off the
ground in a small tree, ~-8m). Here the focal was within
2m of another adult male from the group, but no interac-
tion was observed between the males. At 14:30 pm, the
focal individual moved again, to the canopy (-15m) where
he consumed immature leaves of Ficus spp. During this last

move he let the snake fall to the ground; it was not recov-
ered by another group member.

At 11:25 am on the 9th of August 2016, the focal indi-
vidual, an adult female, was observed holding a live green
snake, again a member of the Colubridae, in her left hand
whilst moving through the canopy (-16m). The individual
was alone, as she had separated from the rest of the sub-
group we were following. Again, we did not see the ini-
tial encounter between the focal individual and the snake.
Whilst moving towards the rest of the sub-group, the focal
individual was observed by the other members and was ap-
proached by a juvenile male. However, the female did not
allow the juvenile to approach too close, holding him away
with her free hand. At 11:40 am the focal individual for-
aged on a dry branch while still in close proximity to the
juvenile male and another adult male from the group. At
11:50 am the focal individual was observed manipulating
the snake while resting, spinning it around her to avoid be-
ing bitten, as the snake, open mouthed, was seen trying to
bite the female’s arm. At 11:55 am, the sub-group started
to travel faster and the focal female followed them. After
a short moment out of our sight, we relocated the focal
individual resting in a tree, with the snake, now dead, still
in her left hand. The tail of the snake showed clear damage
from being bitten.

At 12:00 pm the female began eating the snake starting
with the tail, combining it with immature leaves and dry
branches. Then she bit the snake in two and took a half in
each hand. She kept one half in her hand while eating the
other. An adult male and a juvenile male were observed
approaching from ~20 m away. At 12:55 pm, the juvenile
male attempted to snatch the snake from the female, but
she fended him off. She continued to eat the snake, fin-
ishing the posterior half first then consuming the anterior
part. She ate this until reaching the head. At 2:00 pm
the focal individual finished eating and dropped what re-
mained of the snake’s skin. The female then re-entered the
group, allowing other members to approach, and contin-
ued to rest and travel in the group. During this time, some
“search-find” vocalizations were emitted by other members
of the sub-group when the focal individual was isolated.

Discussion

Among primates, predation behaviours are mostly ex-
pressed by humans, chimpanzees and baboons (Butynski
1982). However, vertebrate predation by non-human pri-
mates has been recorded in at least 38 species from 9 fami-
lies of prosimian and New and Old World monkeys and
apes (Butynski 1982). Neotropical primates, including
woolly monkeys, have been recorded predating on a variety
of vertebrate including lizards, birds (adults and nestlings),
squirrels, bats and coatis (Butynski 1982; Fedigan 1990).

To our knowledge, this is the first record of snake preda-
tion by Lagothrix flavicauda. This report increases our
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knowledge about the diet and ecological interactions of this
species. Even if it is a very rare event, it may highlight sev-
eral important factors in their behavioural ecology, namely
additional protein sources in their diet, the potential to dis-
criminate venomous and non-venomous prey (Faldtico et
al. 2017), as well as providing a defence against potential
predators (Cisneros-Heredia et al. 2005), as snakes have
even been observed to prey on large bodied Atelidae (Quin-
tino and Bicca-Marques 2013).

Observations of snake predation by non-human primates
may be rare because of the potentially high risk involved.
The few published reports all involved small and medium
bodied primates, such as Zarsius bancanus (Niemitz, 1973),
Leontopithecus chrysomelas, Leontopithecus rosalia (Pissinatti
in press, in Falotico et al. 2017) and Sapajus libidinosus
(Falético et al. 2017). Falético et al. (2017) reported that
Sapajus libidinosus are able to differentiate between venom-
ous and non-venomous snakes, in Brazil. They emit differ-
ent cues according to the type of snakes, eliciting different
responses from other group members (Falético et al. 2017).
Discrimination could have been made according to the
size: small snakes were more often prey, although they can
be more dangerous. Other factors may have also played a
discriminatory role, such as colour and contrast colours,
as well as audio cues. In both of our observations the prey
snake was a member of the Colubridae, of a small, light
green species. In our second observation, the focal indi-
vidual was observed holding a live snake, without showing
any obvious signs that the snake was considered a threat, al-
though she did try to avoid being bitten. Similarly, we did
not note any mobbing type behaviour (Crofoot, 2012) by
other group members. Mobbing in the presence of venom-
ous snakes has been reported in S. libidinosus by Fal6tico
et al. (2017) and observed in L. flavicauda at this site, in
response to the presence of a coati, Nasua nasua (Fack, Un-

published data).

To further these observations, it is necessary to begin an
inventory of the snake species present at our study site and
to record more interactions between Lagothrix flavicauda
and snakes to determine how they behave towards different
snake species and in which cases they could be predators or
preys of snakes.
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UNEXPECTED DIVERSITY: THE POTENTIAL
ROLE OF PRIVATELY-OWNED FOREST REM-
NANTS IN THE CONSERVATION OF THE PRI-
MATES OF THE HIGHLY-IMPACTED RONDO-
NIA CENTER OF ENDEMISM, SOUTHWESTERN
BRAZILIAN AMAZONIA

Thiago Cavalcante
Almério Cimara Gusmdo
Stephen Francis Ferrari

The Rondonia center of endemism is an important compo-
nent of Amazonian diversity, with a total area of 675,454
km2, which is mostly (96%) located within Brazil (da Silva
et al., 2005). Ongoing deforestation and logging have
caused extensive habitat loss and fragmentation within
this area, and constitute the main threat to its biodiversity
(Gascon ez al., 2001). Some 27% of this area is protect-
ed, although only 3% is located within strictly protected
conservation units (da Silva et /., 2005). The primate di-
versity of the left margin of the Ji-Parand River in south-
western Brazilian Amazonia is well known (Ferrari ez al.,
1996; Gusmio ez al., 2014), although data from the right

margin, especially from the middle and upper reaches of
the river, are still scarce, and mostly outdated (Miranda-
Ribeiro, 1914; Allen, 1916; de Vivo, 1985; Iwanaga and
Ferrari, 2001). The present study reports on the primate
assemblage found in an isolated forest remnant on the right
margin of the upper Ji-Parand River.

The study was conducted in a forest remnant of 543 halocat-
ed within a pasture matrix (11°28°08.81” S, 61°21°27.49”
W), 229 m a.s.l., in the municipality of Cacoal, Rondo-
nia state, Brazil (Fig. 1). This forest fragment is an area
that combines the legal reserves of a number of small- and
medium-sized farms. The climate is tropical humid (Aw
in Képpen’s classification) with a well-defined rainy season
between September and May and a mean temperature of
26°C (Alvares et al., 2013).

Data on the occurrence and abundance of primates within
the study area were collected by line transect survey (see
Peres, 1999), in which trails are walked at a mean veloc-
ity of 1.5 km/h. In the present study, the transects were
conducted on two pre-existing trails; one 1.1 km in length,
and the other, 0.7 km long. During these surveys, each
encounter with a primate group was recorded, in which the
species was identified and group size determined. Comple-
mentary data were collected during an ecological study of
Lagothrix cana in the fragment, between March and Sep-
tember 2017 (Cavalcante, 2018). This study included 322
hours of behavioral monitoring, during which sightings of
other primate species were recorded opportunistically, as
well as during the phenological monitoring of seven 250
m trails scattered throughout the fragment. A total of 17.5
km was covered during the phenological surveys. Photo-
graphic records were obtained of all primate species, and
their identification was confirmed through comparisons
with the literature (Mittermeier ez al., 2013; Marsh, 2014;
Byrne ez al., 2016).

Results and Discussion

We recorded 10 primate species during the present study,
representing five families (Table 1). Saimiri ustus was by
far the most abundant species, in terms of both the number
of sightings and group size, whereas Pithecia mittermeieri
was encountered only once during the transect walks. The
presence of the small-bodied species, Aotus nigriceps, Plec-
turocebus bernhardi and Mico nigriceps, was only detected
opportunistically, during non-survey fieldwork. These spe-
cies were also recorded only once during the study. Aozus
nigriceps has nocturnal habits and the other two species
seem to use only the periphery of the study area, which was
sampled less systematically during surveys. We thus con-
firmed the full inventory of primate species expected for
this region, on the right margin of the Ji-Parand River (see
Miranda-Ribeiro, 1914; de Vivo, 1985; Iwanaga and Fer-
rari, 2001). Compared with the previous study of Iwanaga
and Ferrari (2001) at Fazenda Mariana, approximately 50
km west of the present study site (Fig. 1), one more species
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was recorded here, the nocturnal A. nigriceps. There are a
number of differences, however, in the composition of this

community in comparison with that of the left margin of
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the Ji-Parand River (Ferrari ez al., 1996; Iwanaga and Fer-
rari, 2001; Gusmao et al., 2014).

Figure 1. Location of the study area in the municipality of Cacoal, Rondé6nia, showing Fazenda Mariana (see Iwanaga and Ferrari, 2001)

and the Sete de Setembro Indigenous Territory in southwestern Brazilian Amazonia (Mato Grosso and Rondénia).

Table 1. Sighting rates; mean, minimum and maximum group size; and opportunistic records of the platyrrhine species recorded in an

isolated forest remnant in Cacoal on the upper Ji-Parand River in Rondénia, Brazil.

Family Species Linear Transect Opportunistic
sightings
Sightings per Mean group size Minimum-maximum
10km surveyed | (individuals + SD) group size
Atelidae Alouatta puruensis 0.37 5+1.22 3-6 X
Ateles chamek 0.58 5.1+1.12 4-7 X
Lagothrix cana 0.66 5.7 + 1.09 5-8 X
Cebidae Sapajus apella 1.32 8.3+ 1.60 6-12 X
Saimiri ustus 1.39 15.4 + 3.80 6-23 X
Pithecidae Plecturocebus bernhardi - - - X
Chiropotes albinasus 0.32 1.66 + 0.57 1-2 X
Pithecia mittermeieri 0.07* - - -
Callitrichidae | Mico nigriceps - - - X
Aotidae Aotus nigriceps - - - X
*Single sighting

Although Pithecia mittermeieri was confirmed in the area,
the single sighting during the linear transects indicates
that this species occurs at a very low density, as observed
at Fazenda Mariana (Iwanaga and Ferrari, 2001). By con-
trast, Chiropotes albinasus, despite having a low density,
was sighted frequently during the monitoring of Lagothrix
cana (Cavalcante, 2018), possibly due to its more extensive

ranging behavior.

The apparently low density of howlers (Alouatta) in com-
parison with the other atelids (Lagothrix and Azeles) is sur-
prising, given the relative tolerance of howlers to anthro-
pogenic impact (Bicca-Marques, 2003), although this does
appear to be typical of the occurrence of Alouarta in the
study region (Iwanaga and Ferrari, 2001; Iwanaga and Fer-
rari, 2002a). Given the level of impact, and the small size
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of the fragment, the results of the present study reinforce
the conclusion that the principal pressure on the atelid
populations in the Amazon region is hunting (Peres, 1990;
Iwanaga and Ferrari, 2002b), and that even relatively small
fragments, such as that found at the present study site, can
support a high primate species richness.

Three of the primate species recorded in the present study
are listed as endangered by the IUCN (2017). These spe-
cies include the two atelines (Lagothrix cana and Ateles cha-
mek), and the pitheciine Chiropotes albinasus. As the study
area is part of the “arc of deforestation” of the southern
Amazon basin (Michalski ez /., 2008), the confirmation
of the presence of these species in forests outside protected
areas is an important advance for conservation. The pres-
ent study area, like Fazenda Mariana, is in the vicinity of
the Sete de Setembro Indigenous Land, and the creation
of corridors connecting these privately-owned areas with
larger tracts of more continuous forest may be an essential
conservation strategy in this region (da Silva ez 4., 2005).

While the present study upholds the differences between the
primate assemblages of the opposite margins of the Ji-Parand
River, and confirms its role as a geographic barrier for some
species (Ferrari ez al., 1996; Gusmao ez al., 2014; this study),
the absence of Lagothrix cana from the left margin is still
enigmatic, not only because of its large body size (Ayres and
Clutton-Brock, 1992), but also because of the species’ appar-
ent ecological resilience (Cavalcante, 2018, this study). As
suggested previously, interspecific competition may play an
important role in the zoogeography of these taxa (Iwanaga
and Ferrari, 2001, 2002b). At Fazenda Mariana, Iwanaga
and Ferrari (2001) found clear niche overlap, in particular
with Ateles chamek. However, far more detailed ecological
and behavioral data will be needed to evaluate these pro-
cesses more conclusively. The high primate diversity found
at both sites discussed here, and the fact that the atelines ap-
pear to be relatively abundant in this region’s forest remnants
(Iwanaga and Ferrari, 2001; Gusmao ez al., 2014), highlight
the potential of privately-owned habitats to contribute to
the development of effective conservation strategies for these
species in the southwestern Amazon basin. Further research
is needed, however, to verify the prospective role of these
fragments for conservation at the landscape level. A quan-
titative and numerical evaluation of the fragments of the re-
gion, and their connectivity, will be essential to determine
the real potential of these areas for primate conservation over
the long term.
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AGGRESIVE ENCOUNTER BETWEEN LAGO-
THRIX FLAVICAUDA AND NASUA NASUA AT EL

TORO, AMAZONAS, PERU.
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Régine Vercauteren Drubbel
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Martine Vercauteren
Introduction

Interaction between primates and other animals vary de-
pending on their ecological relationship - primates behav-
ing differently with competitors, mutualists, predators and
preys. Aggressive interactions may occur with competitors,
predators and prey (de Resende et al. 2004). The yellow-
tailed woolly monkey (Lagothrix flavicauda: Atelidae)

is one of the largest-bodied Neotropical primate species,
and is endemic to northern Peru, in a small portion of the
“Tropical Andes biodiversity hotspot’. They live in mon-
tane cloud forests between 1,500 and 2,700 m. as.l., in
multimale multifemale groups (up to 23 individuals).
They are diurnal and arboreal, mainly omnivorous — with
a diet including fruits, leaves, insects, petioles and other
plant parts (Shanee, 2014).

The South American Coati (Nasua nasua: Procyonidae) is
a medium-sized and gregarious carnivore commonly found
throughout Neotropical forests (Alves-Costa et al., 2004).
Juveniles and females live in groups (up to 30 individu-
als) while adult males are solitary (Beisiegel, 2001). They
are semiarboreal (Haugaasen and Peres, 2008), mainly in-
sectivorous-frugivorous and play an important role in seed
dispersal and forest regeneration (Alves-Costa et al. 2004).

We report here an interaction between N. nasua and L.
Sflavicauda in “El Toro” (05°40°83.27S, 77°55°02.0”W), lo-
cated 5 km north of the village of La Esperanza, northern
Peru. 'The site encompasses approximately 700 ha of dis-
turbed montane cloud forest with pastures and agriculture,
between 1,800 and 2,400 m. a.s.l. Both species are com-
mon at the site (Shanee and Shanee, 2015).

Observations

On 27 April 2016, during behavioral follows we observed
a sub-group of L. flavicauda (one adult male and five adult
females) encounter a solitary male N. nasua in a station-
ary position in the understory (-7m). The focal animal
(an adult female) approached the coati (to within 5 me-
ters) near to the alpha male who was nearest the coati (-
4 meters). The rest of the sub-group were in another tree
behind the alpha male. All individuals in the sub-group
observed the stationary coati, which did not stir from its
initial position. The alpha male was the first to vocalize,
followed by the females. When the coati did not respond,
the male rapidly approached it, to within two meters, shak-
ing branches in its direction to chase it away. Finally, the
coati left the tree to move away. A few seconds later the
monkeys stopped vocalizing, but the alpha male continued
to look in the direction in which the coati had left. After
the encounter, the focal individual continued to forage in
epiphytes about 6 meters from the alpha male defending
the sub-group from the intruder. The entire encounter
lasted approximately 3 minutes. We believe this is the first
record of an aggressive encounter between L. flavicauda
and N. nasua. With both species sharing the same habitat,
they probably encounter each other regularly and possibly
compete for food and territory. Similar interactions have
been observed between Cebus apella and N. nasua when
feeding in the same area (de Resende, 2004). Further sur-
veys of N. nasua habits at the study site could shed light
on potential resource competition and home range overlap
with L. flavicauda.
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Introduction

Parasites are part of the natural processes allowing for the
regulation of populations and the balance of the ecosystems
(Clayton and Moore, 1997; Delahay et al., 2009). Para-
sites can affect population parameters such as birth and
death rates (Nunn and Altizer, 2006; Delahay et al., 2009)
and some mathematical models even suggest that they
could play an important role in the host’s population and
evolutionary dynamics (Begon et al., 2009; Nunn et al.,
2011). However, the specific role of infectious diseases in
population and evolutionary dynamics and details of that
interaction, remains one of the biggest unanswered ques-
tions in ecology (McCAllum, 2000; Delahay et al., 2009).

Epidemiological surveillance (monitoring of the distribu-
tion, prevalence and incidence of diseases) allows the evalu-
ation of host populations and environmental parameters
and is also used in the monitoring, control, and prevention
of diseases (Morner et al., 2002). From a public health
perspective, primates are an important group for epidemio-
logical surveillance due to the impact that diseases can have
on their endangered populations, and also because the risk
of zoonotic transmission. As some primate species are used
for bush meat, biomedical models or, as pets, primates are
in continuous close contact with humans, which increases
the risk of cross-transmission and disease spread, highlight-
ing the urgent need of primate epidemiological surveillance
(Chapman et al., 2005). The epidemiological surveillance
in primates is both noticeably lacking and inconsistent, es-
pecially in developing countries and it has been estimated
that there are between 29% and 40% more species of para-
sites than the ones currently reported (Cooper and Nunn,
2013). Additionally, parasitic infections in primate spe-
cies with nocturnal behavior have been studied even more
infrequently. Specifically, only 38 parasitological studies
on the genus Aorus has been reported, in which 12 species
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of parasites were found (Cooper and Nunn, 2013). This
study highlights an important parasite affecting nocturnal
primates in an attempt to fill out this research gap.

During a survey of night monkeys (genus Aotus) in the Co-
lombian Amazon (Bloor et al., 2014), we collected data on the
presence of ectoparasites, particularly cutaneous myiasis. This
disease refers to the infestation with dipterous (flies) larvae
that feed on living or necrotic tissue (Hall and Wall, 1995). In
this study, we present a comparison of the prevalence of cuta-
neous myiasis between Aozus vociferans and Aotus nancymaae
in adjacent populations in the Colombian Amazon.

Materials and methods

Study area

This study was carried out between July and November of
2012 in the forest area of the municipality of Puerto Narifio,
department of Amazonas (Colombia). We collected the data
from nearby indigenous communities including Doce de Oc-
tubre (-70°30'15”W, -3°44°10”S), Naranjales (-70°31°47"W,
-3052°18”S), San Juan de Atacuari (-70°39’34”W, -3049°26"S),
Santa Clara de Tarapoto (-70°24’51”W, -3°48°02”S) and San
Pedro de Tipisca (-70°35°'36”W, -3°41"12"*S). The first four
sites are in the flooded plain of the Amazon River, while San
Pedro de Tipisca is located in the “Terra firme” dry zone of the
Loretoyacu River (Fig. 1).

Data collection

Samples were collected from live-caught individuals. These
captures were done by a research team consisting of a biolo-
gist, a veterinarian, and some local experts. The local experts
used certified tree-climbing equipment for their security and
received from six to twelve hours of training in tree climb-
ing techniques. To perform captures, the local experts first

followed the primates from 03:00 to 06:30 hours. After con-
firming the presence of monkeys in a hole in a tree, the team
carried out the captures between 09:30 and 15:00 hours, the
period when the monkeys are asleep. After the hole was cov-
ered, the animals were extracted, put in dark bags, and ex-
amined by the veterinarian. The animals were weighed and
then sedated with ketamine (5%) with doses between 5 to
15 mg/kg of weight, intramuscular. The duration of sedation
was approximately 35 minutes and the time of recovery was
approximately 90 minutes. The vitals for each animal were
monitored continuously assessing temperature and cardiac
and respiratory frequency, while the presence of cutaneous
myiasis was recorded. The animals were tattooed on the thigh
with a numeric code and released after their recovery.

This study was carried out under the agreement 10F of en-
vironmental authorities (Ministry of the Environment and
CorpoAmazonia), supported by the National University and
Instituto Sinchi (Amazon Research Institute of Colombia), all
of them, part of the SINA (National Environmental System).

Data analyses

We estimated the prevalence of cutaneous myiasis of both spe-
cies with Bayesian methods using an uninformative « priori bi-
nomial distribution (between 0 and 100%) and assuming that
the posterior distributions were fitted to the uniform distribu-
tion (McCarthy, 2007; Pfeiffer et al., 2008). Prevalence esti-
mation was done with Marcov chains with 100,000 iterations
after a burn-in of 10,000 iterations for the final estimation,
all using OpenBugs 3.2.2 software (Lunn-D et al., 2000). To
compare the prevalence of the cutaneous myiasis between the
two species, we used probability intervals (PI) graphics. When
both PI showed over a 25% overlap, we assumed that there
was no significant difference in the prevalence at 95% confi-
dence level (Cumming et al., 2007).
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Results

We captured 150 individuals of A. nancymaae and 19 indi-
viduals of A. vociferans (Bloor et al., 2014). Five A. vocifer-
ans and one A. nancymaae died during the capture. Cuta-
neous myiasis was found in three A. vociferans individuals:
two juvenile males with one and four larvae respectively,
and one lactating female with nine larvae. The larvae
length was 1.5-2.5 cm and the skin lesion was furuncular

(Fig. 2). For A. nancymaae we found scar lesions generated
by cutaneous myiasis in one individual; and we recorded
those lesions as a positive case (in order to avoid type II er-
ror related to the hypothesis that the disease affects this spe-
cies in this site). The prevalence of infection in both species
was 19% (PI 95%= 6 — 38) for A. vociferans and 1.3% (P1
95% = 0.2 — 3.6) for A. nancymaae. The difference in the
prevalence of cutaneous myiasis between both species was
statistically significantly (Fig. 3).

Dorsal view

Ventral view

Lateral view

Figure 2. Lesions and some specimens of parasites recorded in sampled night monkeys (Aotus vociferans).
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Figure 3. Probability Intervals comparison of the prevalence of cutaneous myiasis

between Aotus vociferans and A. nancymaae.

Discussion

We found evidence of infestation by cutaneous myiasis in
both species of night monkey, with a significantly lower
prevalence in A. nancymaae (1.3%) compared to A. vocifer-
ans (19%), in spite of being adjacent populations. Cutane-
ous myiasis can be found in Neotropical primates, specifi-
cally howler monkeys. Cuterebra baeri is the main etiological

agent and likely is involved in a species-specific relationship
with howler monkeys (Zeledén-Araya et al., 1957; Mil-
ton, 1996; Stuart et al., 1998; de Thoisy et al., 2001; Olger
Calderén-Arguedas, 2004; Arroyo-Rodriguez et al., 2008;
Colwell, 2008; Cristobal-Azkarate et al., 2012; Trevez and
Carlson, 2012; Guimaraes, 1971). In the case of Aozus sp.,
the same etiological agent for cutaneous myiasis was found
in Brazil, likely through accidental infection (Guimaraes,
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1971). In our study, the prevalences are lower compared
to the ones found in howler monkeys, which are between
28.6% and 76 % (Milton, 1996; Calderén-Arguedas, 2004;
Cristobal-Azkarate et al.,2012; Trevez and Carlson, 2012).

This kind of myiasis commonly generates pathological ef-
fects and is found mainly in mammals, although birds,
reptiles and amphibians are occasionally hosts of the para-
site (Munger and Karasov, 1994). Pathological effects vary
depending on the parasite species, number of larvae, and
the site of the infestation (Munger and Karasov, 1994) and
include irritation, pruritus, weight loss, fertility reduction,
death by tissue damage, secondary bacterial infection, dehy-
dration, haemorrhage, anaphylaxis, and toxaemia (Wall and
Shearer, 1997). In howler monkeys in Costa Rica, a cor-
relation between the incidence of infestation and mortality
was found (Milton, 1996). In the present study, the juvenile
male that we captured had four larvae and was easily cap-
tured due to its weakness; it also did not survive the manipu-
lation. Necropsy revealed extremely poor body condition,
anaemia and dehydration. Likewise, the lactating female
found with nine larvae had a low weight (600 g), similar to
the juvenile individuals (mean weight of 635g).

The difference in the prevalence of cutaneous myiasis be-
tween these two species in adjacent and overlapping habi-
tats, suggests the existence of different risk factors. These
risks could vary with habitat preferences of the primate
(Aquino and Encarnacién 1988) or the parasite species and
the differences in the susceptibility to disease of each pri-
mate. For example, a difference in mortality rate was found
between A. nancymaae and A. vociferans in captive popula-
tions (Gozalo and Montoya, 1990). However, data ana-
lyzed in the same laboratory between 1988 and 2002 show
a similar mortality rate in both species (75% in A. nancy-
maae and 77% in A. vociferans) by similar causes, mainly
pneumonia and gastrointestinal diseases (Sdnchez et al.,
2006). Thus, it is necessary to increase the sampling ef-
fort of natural populations, in order to identify the habitat
preferences and distribution of both species in this region,
and to evaluate the association between habitat and parasite
prevalence and how this can affect population dynamics
(Janson, 2011).

The explicit taxonomic determination of larvae species
was not possible in this study without the collection and
further analysis of the specimens. However, the morpho-
logical characteristics of the larvae are similar to Cuterebra
baeri. In general, the identification is low in similar studies
(Colwell and Milton, 1998; Calderén- Arguedas, 2004).
It is necessary to increase the effort to identify the species
since the epidemiology and the effect on the host could
vary significantly depending on the parasite species (Cris-
tobal-Azkarate et al., 2012).
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MEETINGS

42" MEETING OF THE AMERICAN SOCIETY OF
PRIMATOLOGISTS

The 42" meeting of the ASP will be held from August 21 -
24, 2019 in Madison, Wisconsin at the Pyle Center at the
University of Wisconsin-Madison. For more information,
please visit https://asp.org/meetings/conference.cfm

PRIMATE SOCIETY OF GREAT BRITAIN, SPRING
MEETING

Primate Health, Captive Care and Conservation. This
meeting has a broad theme which aims to unite primatolo-
gists from a variety of fields to share research and good prac-
tice for primate conservation purposes. The meeting will be
one and a half days in duration; a half day on Monday 8th
April from 12.30pm (plus an evening reception) and a full
day on Tuesday 9th April 9.30am to 4.45pm. For more
information, please visit https://www.eventbrite.co.uk/e/

psgb-spring-conference-2019-tickets-54651663597

126 ANNUAL MEETING PRIMATE NEURO-
BIOLOGY

The annual Primate Neurobiology meeting offers a plat-
form for European scientists, studying the electrophysiolo-
gy and imaging of the central nervous system in nonhuman
primates. The 12th Primate Neurobiology Meeting will be
held from March 6-8, 2019 at the German Primate Center,
in Goettingen. For more information, please visit https://
www.dpz.eu/primneu/index.html

CONFERENCE OF THE GESELLSCHAFT FUR
PRIMATOLOGY

The Conference of the Gesellschaft fiir Primatology will
be held at the German Primate Center in Géttingen from
13-15 February 2019. Organisers are Julia Ostner and
Oliver Schiilke. For more information, please visit hteps://
www.primate-cognition.eu/en/events/events-calendar/
einzelansicht-veranstaltungen/event/conference-of-the-
gesellschaft-fuer-primatologie-1.html
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PRIMATE BEHAVIORAL MANAGEMENT CON-
FERENCE

The Primate Behavioral Management Conference will be
held at the Michale E. Keeling Center for Comparative
Medicine and Research of The University of Texas MD An-
derson Cancer Center, Bastrop, Texas, from February 26
- March 1, 2019. This conference is designed for those re-
sponsible for, or interested in, the behavioral management
of nonhuman primates in captivity. For more information,
please visit https://www.mdanderson.org/research/depart-
ments-labs-institutes/programs-centers/michale-e-keeling-
center-for-comparative-medicine-and-research/primate-
behavioral-management-conference.html

AMERICAN ASSOCIATION OF
ANTHROPOLOGISTS MEETING

PHYSICAL

The 2019 AAPA meeting will be held in Cleve-
land, Ohio from March 27-30, 2019. For more
information, please visit htep://physanth.org/
annual-meetings/88th-annual-meeting-2019/
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aspect of primate conservation, including articles, thesis abstracts,
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information and suchlike.

Contributions
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prepared with MS Word, and must use page and line numbering. The
full name and address for each author should be included. Please avoid
abbreviations and acronyms without the name in full. Authors whose
first language is not English should have their manuscripts written in
English carefully reviewed by a native speaker. Send all contributions
to: Erwin Palacios, Conservacién Internacional — Colombia, e-mail:
epalacios@conservation.org. Manuscripts that do not conform to

the formal requirements (formatting, style of references etc.) will be
returned to authors without review. They can be resubmitted, provided
all formal requirements are met.

Articles. Each issue of Neotropical Primates will include up to three
full articles, limited to the following topics: Taxonomy, Systematics,
Genetics (when relevant for systematics and conservation), Bioge-
ography, Ecology and Conservation. Text for full articles should be
typewritten, double-spaced with no less than 12 cpi font (preferably
Times New Roman) and 3-cm margins throughout, and should not
exceed 25 pages in length (including references). Please include an
abstract in the same language as the rest of the text (English, Spanish
or Portuguese) and (optional) one in Portuguese or Spanish (if the text
is written in English) or English (if the text is written in Spanish or
Portuguese). Tables and illustrations should be limited to six, except
in cases where they are fundamental for the text (as in species descrip-
tions, for example). Full articles will be sent out for peer-review. For
articles that include protein or nucleic acid sequences, authors must
deposit data in a publicly available database such as GenBank/EMBL/
DNA Data Bank of Japan, Brookhaven, or Swiss-Prot, and provide an
accession number for inclusion in the published paper.

Short articles. These manuscripts are usually reviewed only by the
editors. A broader range of topics is encouraged, including such as
behavioral research, in the interests of informing on general research
activities that contribute to our understanding of platyrrhines. We
encourage reports on projects and conservation and research programs
(who, what, where, when, why, etc.) and most particularly information
on geographical distributions, locality records, and protected areas and
the primates that occur in them. Text should be typewritten, double-
spaced with no less than 12 cpi (preferably Times New Roman) font
and 3-cm margins throughout, and should not exceed 12 pages in
length (including references).

Figures and maps. Articles may include small black-and-white
photographs, high-quality ~figures, and high-quality —maps.
(Resolution: 300 dpi. Column widths: one-column = 8-cm wide; two-
columns = 17- cm wide). Please keep these to a minimum. We stress
the importance of providing maps that are publishable.

Tables. Tables should be double-spaced, using font size 10, and
prepared with MS Word. Each table should have a brief title.

News items. Please send us information on projects, field
sites, courses, Thesis or Dissertations recently defended, recent
publications, awards, events, activities of Primate Societies, etc.

References. Examples of house style may be found throughout this
journal. In-text citations should be first ordered chronologically and
then in alphabetical order. For example, “...(Fritz, 1970; Albert,
1980, 2004; Oates, 1981; Roberts, 2000; Smith, 2000; Albert et al.,
2001)...”

In the list of references, the title of the article, name of the journal,
and editorial should be written in the same language as they were
published. All conjunctions and prepositions (i.c., “and”, “In”) should
be written in the same language as rest of the manuscript (i.e., “y” or
“e”, “En” or “Em”). This also applies for other text in references (such
as “PhD thesis”, “accessed” — see below). Please refer to these examples

when listing references:

Journal article
Stallings, J. D. and Mittermeier, R. A. 1983. The black-tailed
marmoset (Callithrix argentata melanura) recorded from Paraguay. Am.
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Chapter in book
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sampling forest primate populations. In: Primate Conservation in
the Tropical Rain Forest, C. W. Marsh and R. A. Mittermeier (eds.),
pp-23—62. Alan R. Liss, New York.

Book

Napier, P. H. 1976. Catalogue of Primates in the British Museum
(Natural History). Part 1: Families Callitrichidae and Cebidae. British
Museum (Natural History), London.

Thesis/Dissertation

Wallace, R. B. 1998. The behavioural ecology of black spider monkeys
in north-eastern Bolivia. Doctoral thesis, University of Liverpool,
Liverpool, UK.

Report

Muckenhirn, N. A., Mortensen, B. K., Vessey, S., Fraser, C. E. O. and
Singh, B. 1975. Report on a primate survey in Guyana. Unpublished
report, Pan American Health Organization, Washington, DC.

Website

UNESCO. 2005. UNESCO Man and the Biosphere Programme.
United Nations Educational, Scientific, and Cultural Organisation
(UNESCO), Paris. Website: http://www.unesco.org/mab/index.htm.
Accessed 25 April 2005. (“Acessada em 25 de abril de 2005” and
“Consultado el 25 de abril de 2005” for articles in Portuguese and
Spanish respectively).

For references in Portuguese and Spanish:
“and” changes to “¢” and “y” for articles in Portuguese and Spanish
respectively. “In” changes to “Em” and “En” for articles in Portuguese

and Spanish respectively.

“Doctoral thesis” changes to “Tese de Doutoramento” and “Tesis de
Doctorado” for articles in Portuguese and Spanish respectively.

“MSc Thesis” changes to “Dissertagao de Mestrado” and “Tesis de
Maestria” for articles in Portuguese and Spanish respectively.
Y-

“Unpublished report” changes to “Relatério Técnico” and “Reporte
no publicado” for articles in Portuguese and Spanish respectively.
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