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Abstract Brown-headed spider monkeys (Ateles fusciceps), endemic to the ChocoDarien forests and lower Andean forests of NW Ecuador, are considered critically
endangered. Unfortunately, scientific data regarding the actual status of populations
is lacking. We combined satellite image analysis, species-specific habitat assessment,
and a field survey technique using playback to focus conservation efforts for this
species. First, we identified remaining forest via a LANDSAT mosaic and then
applied species-specific criteria to delineate remaining forest with potential to hold
populations. By combining this with the historical distribution from ecological niche
modeling and predicted hunting intensity we generated a species-specific landscape
map. Within our study area, forest capable of sustaining Ateles fusciceps covers
5872 km2, of which 2172 km2 (40%) is protected. Unprotected forest considered
suitable for Ateles fusciceps extends to 3700 km2 but within this only 989 km2
(23%) is under low hunting pressure and likely to maintain healthy populations of
Ateles fusciceps. To overcome problems of sampling at low primate density and in
difficult mountain terrain we developed a field survey technique to determine
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presence and estimate abundance using acoustic sampling. For sites under low
hunting pressure density of primates varied with altitude. Densities decreased from
7.49 individuals/km2 at 332 masl to 0.9 individuals/km2 at 1570 masl. Based on
combining data sets in a gap analysis, we recommend conservation action focus on
unprotected lowland forest to the south and west of the Cotacachi-Cayapas
Ecological Reserve where hunting pressure is low and population densities of Ateles
fusciceps are greatest.
Keywords Ateles fusciceps . Brown-headed spider monkey . Ecological niche
modeling . Habitat mapping . LANDSAT . MaxEnt

Introduction
Brown-headed spider monkeys (Ateles fusciceps), endemic to Ecuador and southern
Colombia, are critically endangered (A2cd) owing to small population size,
restricted distribution, and the pressures facing remaining populations (Cuarón et
al. 2008; Tirira 2001). They inhabit the evergreen humid tropical forests of the
Pacific coastal zone that make up the Chocó ecoregion, with populations in the
Andean foothills that extend into the western Andean ecoregion. It is estimated that
in Ecuador there are <250 individual Ateles fusciceps in the wild (Tirira 2004), with
populations restricted to the Awa Indigenous Reserve at the border with Colombia,
and the Cotacachi-Cayapas Ecological Reserve and buffering protected forests
(Mittermeier et al. 1997; Tirira 2007). Population decline is due to hunting and high
rates of deforestation in a region where destruction of the humid tropical forest has
resulted in a loss of >80% of its original area (Tirira 2004). Unfortunately, the
ecology and life history of Ateles fusciceps facilitates threats to its survival. First,
these primates are known to inhabit only large continuous areas of primary forest
(Defler 2004), or forest of ≥60 yr of age (Sorensen and Fedigan 2000). Second,
spider monkeys have a relatively low reproductive rate for neotropical species,
owing to an extended interbirth interval of 2–3 yr. This hinders their ability to
recover from loss of numbers (Ross and Jones 1999; Tirira 2007).
In 2000, Ecuadorian legislation banned the hunting and commercial use of Ateles
fusciceps (Tirira 2007). After this major breakthrough, the Convention on International Trade in Endangered Species (CITES) up-listed Ateles fusciceps to Appendix
II of the Convention on International Trade in Endangered Species (CITES). This
ensures that any international trade of the species requires legal permits (CITES
2007). However, the actual impact of these national and international legislative
measures on the conservation status of primate populations in the isolated forests of
NW Ecuador is unknown.
Of the 2 remaining forest blocks with recorded populations of Ateles fusciceps,
the best hope for the long-term survival of populations is the Cotacachi-Cayapas
Ecological Reserve (see Fig. 2). Pressures from logging, road construction, and
hunting are very high in the other remaining forest block, the Awa Reserve, and
likely to increase in the future (Tirira 2001, 2004). The major challenge to
developing a conservation action plan for Ateles fusciceps is the dearth of knowledge
regarding this primate. Targeted conservation effort to save remaining populations is
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currently hampered by a lack of information regarding the distribution and status of
remaining populations and the spatial distribution of the threats they face. To
implement conservation programs data are urgently required to:
&
&

Determine the distribution and abundance of remaining populations of Ateles
fusciceps
Identify the spatial pattern of pressures facing these remaining populations

We aim here to focus conservation efforts by combining satellite, modeling, and
field data. The objectives are to map remaining forest using LANDSAT satellite
imagery, determine potential primate distribution in these forests via ecological niche
modeling, identify protected forests, and predict hunting levels. We also provide the
first field abundance data, using an acoustic sampling method, to determine primate
density throughout the pronounced altitudinal gradient of these Andean forests.
There are inherent practical difficulties in determining the abundance of primates
at low densities in isolated and rugged tropical forest terrain. The most frequently
used technique for estimating primate population densities in the neotropics is the
line transect method (Ross and Reeve 2003), which involves visual counts and is
commonly analyzed via DISTANCE methods (Buckland et al. 1993; Thomas et al.
2005). This method becomes difficult to apply to rare, widely dispersed, and elusive
species such as Ateles fusciceps in mountainous terrain. In particular, the time taken
and distances that must be covered before confident estimates of population can be
attained are prohibitive owing to the challenging terrain. Despite this limitation, line
transect surveys of Ateles fusciceps at the Los Cedros Biological Reserve (00°18′19″
N, 78°46′28″W) identified a population density of 1.16 individuals/km2. However,
to obtain this estimate, field workers needed to traverse a total of 820.5 km over
981 h (Gavilanez-Endara 2006). Perhaps more importantly, working in mountainous
terrain often invalidates a critical assumption of DISTANCE sampling: that of
randomized transects. The density estimates can be seriously biased because of steep
slopes that force transects to follow ridges. As standard survey methods prove nearly
impossible to apply, both statistically and physically, there is the urgent need to
develop site-specific or species-specific survey tools.
Auditory methods provide a solution to some of these difficulties. A number of
studies employ auditory methods in population surveys of primates with extensive
and regular vocal repertoires (Estrada et al. 2004). Calls can be used to detect
individuals from greater distances than is possible through sightings, and the use of
auditory cues increases the number of encounters. In the neotropics, howlers
produce loud calls most mornings, allowing researchers to identify the minimum
number of groups using sound-based methods (Estrada et al. 2004). Where regular
calls do not form part of the behavior of targeted species, playback of recordings of
particular vocalizations may elicit a vocal response, e.g., in field surveys of goldenheaded tamarins in Brazil (Pinto and Rylands 1997). From anecdotal evidence it is
known that Ateles fusciceps responds to hunters who mimic their alarm call. As a
result, we wanted to determine the viability of using their vocal response to
playback as a rapid survey tool to determine presence, and provide estimates of
their abundance.
A number of studies show that primate population density tends to decrease with
increasing altitude and attributed this to a reduction in food density and quality at

M. Peck et al.

higher altitudes (Caldecott 1980; Durham 1975; Marshall et al. 2005). We developed
and applied a playback method to generate the first data set of Ateles fusciceps
density against altitude, as remaining forests in the region range in altitude from sea
level to the altitudinal limit of A. fusciceps.
One of the major pressures facing populations of Ateles fusciceps is hunting. Spider
monkeys are the largest bodied primate genus of the neotropics (Defler 2004),
estimated to comprise between 11.5% and 2.4% of the mammalian biomass in
neotropical forests (Peres and Dolman 2000; Redford 1992). Their size and flesh,
considered flavorful (Tirira 2001), makes them prime targets for hunting. They also
feature prominently in the illegal pet trade (Estrada and Mandujano 2003). It is
difficult to ascertain actual hunting levels, particularly as hunting of Ateles fusciceps is
now illegal in Ecuador. We incorporated a simplified model of hunting activity based
on the location of human settlements to map risk to Ateles fusciceps.
A gap analysis using a combination of the first altitudinal field data set of
abundance for this primate species, satellite analysis of remaining forest, and
modeling and mapping data provide the opportunity to identify regions requiring
urgent conservation action to protect remaining populations of Ateles fusciceps.

Materials and Methods
Through supervised classification of LANDSAT satellite imagery we identified
remaining forest in the study region. As the major challenge is abundant and
persistent cloud cover, we needed to use select LANDSAT imagery (Table I). Using
ERDAS Imagine 8.3 we first deleted cloud from all LANDSAT images and then
conducted supervised classification on cloud-free imagery to generate thematic map
categories of cloud shadow, water, urban/cleared land, pasture/crop, agriculture, and
forest. Classification was guided by ground truthing (collecting GPS coordinates of
the land categories) and reference to maps and aerial imagery available from the
Instituto Geografico Militar, Quito, Ecuador. The resulting mosaic, generated in
ESRI ArcGIS 9.2, best represents remaining forest from the thematic maps.

Table I LANDSAT images used in forest status classification
Row

Path

Satellite sensor

Date of image

10

59

ETM+

May 25, 2006a

10

60

ETM+

May 25, 2006b

10

60

ETM+

August 13, 2006c

10

60

ETM+

November 3, 2001d

10

60

TM

March 23, 1988d

a

Gap filled with 18 02 2006 SLC–Off and 24 03 2001 SLC–On

b

Gap filled with 18 02 2000 SLC–ON and 03 11 2001 SLC–On

c

Gap filled with 09 07 2005 SLC–Off and 03 11 2001 SLC–ON

d

Source for this data set was the Global Land Cover Facility (www.landcover.org)
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To maintain a population of Ateles fusciceps, forest needs to be at least as large as
the home range for this primate. With no home range information available for
Ateles fusciceps, we conservatively applied a value close to the largest recorded
home range reported for Ateles, 469 ha for Ateles belzebuth in the Ecuadorian
Amazon (Pozo 2001). We generated a forest suitability map for Ateles fusciceps
based on a circular moving window to represent home range. In this new map, each
pixel of 30 m2 resolution represents the percentage of forest within a radius of
1200 m, equivalent to an area of 452 ha. We defined forest suitable for Ateles
fusciceps at each pixel if forest represented 80% of the area within the 1200 m
radius, and where cloud cover and shadow contributed <25%. These criteria are
arbitrary but allow for a small amount of cloud cover or misclassification. We
assume that if 80% of the classifiable window comprises forest, the remainder has a
high probability of being forest cover as well and will be suitable for the primate.
The resultant data layer maps remaining forest capable of containing Ateles
fusciceps, assuming no other factors impact numbers.
MaxEnt is a general-purpose method for generating predictions or inferences from
incomplete information. It is an empirical modeling approach, based on indirect and
direct variables (Guisan and Zimmermann 2000). The model generates probabilities
of species occurrence across the entire study region based on a suite of
environmental variables, e.g., precipitation, temperature, altitude, and species
locality data. MaxEnt requires presence-only data, using a random selection of
background pixels from the study area as pseudo-absences (Phillips et al. 2006). We
selected species localities from records of Ateles fusciceps collected between 1995
and 2008 (Tirira 1995–2008). We excluded localities from the data set if they fell
above an altitude of 1800 m, considered the limit for this particular spider monkey
(Tirira 2007). Further, we deleted points if they clustered within a 5-km radius of
each other to minimize impacts of spatial autocorrelation (Segurado et al. 2006). In
these cases we used only 1 point to represent presence in the area. We applied a total
of 17 selected localities, along with 20 environmental variables comprising
temperature, precipitation, and altitude to the MaxEnt model (Table II). We tested
the ability of the model to make better than random predictions using a jackknife
validation method (Pearson et al. 2007). The jackknife method removes 1 locality
point from the data set and the model and rebuilds the model using the remaining
n−1 localities. Thus for a species with n localities, the jackknife method builds
n individual models for testing. For Ateles fusciceps the jacknife method builds 17
test models. We evaluated the accuracy and significance of the model by its ability to
predict the 1 excluded test locality as present (Pearson et al. 2007). Using all 17
localities to gain a best-fit model across the entire study region, we predicted the
historical distribution. We then projected the resulting distribution in ArcGIS 9.2 for
spatial analysis and visual representation.
To model hunting activity we first identified human settlements from georeferenced 1:250000 maps (Ibarra NA-17-16, Esmereldas NA-17-15, San Lorenzo NA17-12, Instituto Geografico Militar, Quito, Ecuador). We applied buffers around
these settlements to identify the extent of hunting. We used a buffer radius of 9 km
for lowland settlements (<600 masl) (Peres 1990; Peres and Dolman 2000) and a 3km buffer (Diego Tirira pers. com.) for highland settlements (>600 masl) where
mountainous terrain is less amenable to hunting forays. We chose the buffers based
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Table II Environmental layers used in distribution modeling: Bioclimatic variables
Environmental data
BIO1: Annual mean temperature
BIO2: Mean diurnal temperature range (mean of monthly: max temp–min temp)
BIO3: Isothermality (BIO2/BIO7)
BIO4: Temperature seasonality
BIO5: Maximum temperature of warmest month
BIO6: Minimum temperature of coldest month
BIO7: Temperature annual range (BIO5–BIO6)
BIO8: Mean temperature of wettest quarter
BIO9: Mean temperature of driest quarter
BIO10: Mean temperature of warmest quarter
BIO11: Mean temperature of coldest quarter
BIO12: Annual precipitation
BIO13: Precipitation of wettest month
BIO14: Precipitation of driest month
BIO15: Precipitation seasonality (Coefficient of Variation)
BIO16: Precipitation of wettest quarter
BIO17: Precipitation of driest quarter
BIO18: Precipitation of warmest quarter
BIO19: Precipitation of coldest quarter
Altitude
www.worldclim.org

on published information and expert knowledge, but we also investigated the impact
on the model of combinations of larger buffers of 13.5 km and 18 km for lowaltitude settlements and 4.5-km and 6-km for high-altitude settlements.
We developed a rapid survey method to determine presence and estimate
abundance of Ateles fusciceps using acoustic sampling methods. We recorded alarm
calls of Ateles fusciceps at the Los Cedros Reserve (0°18′N, 78°47′W) using a
Marantz PMD 222 portable cassette recorder and an 800 series Audio-technica
directional microphone. We captured 4 alarm calls and recorded them to 90-min
Maxell UR cassettes to ensure all frequencies were reliably reproduced. We used
Avisoft SASLab Pro to conduct acoustic analysis and the creation of sonograms of
all the alarm calls recorded. With the digital conversion sampling rate set to
5500 Hz, we used a Hamming evaluation window to display and analyze calls. The
upper and lower frequencies of alarm calls varied between 473 and 3445 Hz and
were within the range faithfully recorded by digital storage and playback devices
(Magnusson 2006). We edited vocalizations of a single wild Ateles fusciceps to 1min duration, then transferred it to a digital Alba MP3 player connected to a field
amplifier and speaker system (Saul Mineroff SME-AFS, Mineroff Electronics Inc.,
New York). We calibrated the playback system to a ca. 200-m radius based on
human hearing range within the forest.
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In the forest under investigation, we conducted field surveys during the day
(0900–1700 h), walking 4–6 km/d, depending on access to area and terrain. We
walked existing trails and transects with ≥3 people at 1–1.5 km/h to avoid disturbing
primates. Every 500 m we played the standardized recorded vocalization for 1 min,
turning every 15 s to broadcast to the 4 points of the compass. We waited for 15 min
at each point to record any responses to the stimulus, a time period consistent with
studies on Ateles geoffroyi (Chapman et al. 1990). At each sampling point, we
recorded latitude, longitude, and altitude via a GPS (Garmin 60CSx). Other
information recorded included compass direction of call, time calling, estimated
distance of responding vocalization, and visual observations of number and group
composition if primates approached playback.
The survey team never repeated playback surveys at the same point within a 7day period. We took this precaution to prevent familiarization to playback
vocalizations and minimize any unnatural responses by the focal subjects. Owing
to the rapid nature of the survey, we assumed primate location to be static within the
survey period. We estimated density by dividing the number of responses to
playback at each site by the actual area sampled by playback. At some sites, the
nature of the terrain resulted in some overlap between playback sampling areas. We
removed overlap when calculating total area sampled at the site. At each site we
estimated minimum detection frequency by regression of density against detection
frequency.
The survey team conducted the first survey at the Los Cedros Biological Reserve
(00°18′19″N, 78°46′28″W), a location with a known population density (GavilanezEndara 2006). We then applied the playback survey method in primary forest at a
range of altitudes. We surveyed primates at Santa Rosa de Naranjal (00°16′N, 78°55′
W), Leon Febres Cordero (00°20′N, 79°01″W), and Tesoura Escondida (00°35′N,
79°4′W) between July 9, 2007 and July 21, 2007 (see Fig. 4). Combining primate
density and a digital elevation model based on SRTM data sets (USGS 2006a, b), we
generated a map of primate density for 3 altitudinal ranges. Finally we combined
information from all datasets in a gap analysis to highlight areas of unprotected
forest with high primate density and under low hunting pressure to guide future
conservation efforts.

Results
We classified 81% of the area under study (western limit 79°12′14.3″, eastern limit
77°56′33.9″, southern limit 0°0′0.8″, and northern limit 1°48′38.6″) using a mosaic
of LANDSAT images. The LANDSAT 7 image was the most recent image with
minimal cloud cover over the whole study region, and subsequent older imager was
used to “plug the gaps.” The only image available with no cloud cover for a small
region in the south east of the study area was from 1988. This was included as a final
layer. The forest remaining after processing the LANDSAT images using speciesspecific criteria that is suitable for Ateles fusciceps is shown in Fig. 1. The potential
historical distribution of the primate based on MaxEnt modeling is shown in Fig. 2.
The model provides a high predictive success rate (13 of 17 localities successfully
predicted as present) and a highly significant distribution model (p<0.001).
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Fig. 1 Map showing forest
with the potential to support
Ateles fusciceps based on
supervised classification of
satellite (LANDSAT) imagery
and ecological modeling
(location of study area in
lower right-hand box).

We clipped potential historical distribution of the primate (Fig. 2) by remaining
forest capable of maintaining Ateles fusciceps (Fig. 1) to predict current distribution
(Fig. 3). The model predicts remaining forest area capable of sustaining Ateles
fusciceps at 5872 km2, of which protected areas provide legal protection for
2172 km2. Unprotected forests capable of maintaining Ateles fusciceps cover an area
of 3700 km2. Based on hunting buffers of 9-km radius for lowland settlements and
3-km radius for highland settlements (Fig. 4), a forested area of 2711 km2, suitable
for Ateles fusciceps, is impacted by high levels of hunting (Fig. 5). Of particular
interest, an area of 989 km2 of unprotected forest is suitable for Ateles fusciceps and
is still relatively isolated from human populations and hunting pressure. The area of
unprotected forest under low hunting pressure is reduced to 508 km2 and 249 km2
for hunting buffers of 4.5 km/13.5 km (highland/lowland settlements) and 6 km/
18 km (highland/lowland settlements), respectively.
Playback field survey results show that minimum detectable density varies with
effective replicate number, ranging from 0.23 to 0.68 individuals/km2. With the
exception of Leon Febres Cordero, where hunting levels were thought to be high, we
observed higher densities of primates at lower altitude (Table III). Based on field
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Fig. 2 Map showing MaxEnt
model of potential historical
distribution of Ateles
fusciceps and existing protected
areas. AWA = Awa
Indigenous Reserve;
CCER = Cotacachi-Cayapas
Ecological Reserve;
LCR = Los Cedros Reserve;
CHO = Chontal Protected
Reserve. SFB refers to the
Southern Forest Block
including protected forests
of Maquipucuna, Mindo,
Cambugan, Deule, and
Pampolona.

survey data, we illustrate the expected densities of primates for unprotected forest
under low hunting pressure within 3 altitudinal ranges (0–600 masl, 600–1200 masl,
and 1200–1800 masl) (Fig. 5). Our gap analysis (Fig. 5) highlights the areas to the
south and west of Cotacachi-Cayapas Ecological Reserve for conservation action. In
these areas, hunting pressure is still low and population densities of Ateles fusciceps
are highest.

Discussion
Using species-specific analyses we identified remaining forest that forms suitable
habitat for Ateles fusciceps. A large block of continuous forest is protected within the
Cotacachi Cayapas Ecological Reserve (CCER) and contiguous Los Cedros Reserve
and Chontal Reserves. Other large protected forest blocks lie within the Awa
indigenous reserve to the north, bordering Colombia, and forests to the south that
include the protected forests of Maquipucuna, Mindo, Cambugan, Deule, and
Pampolona. A large area of unprotected lowland forest lies to the west of the
Cotacachi-Cayapas Ecological Reserve (Fig. 2). However, we should recognize the
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Fig. 3 Map showing remaining
distribution of Ateles fusciceps
based on the MaxEnt
predictions, existing forest,
and species-specific ecological
criteria.

limitations of satellite image analysis in identifying forest. One of the major
drawbacks of the study region, with its steep altitudinal gradients, is the nearconstant level of cloud cover that makes it difficult to attain cloud-free imagery. An
additional complication is a scanning fault on the LANDSAT 7 satellite since 2003
that requires users to “fill in the blanks” with archival satellite imagery. Our resulting
land use classification mosaic, although based principally on 2006 imagery, is
limited by the need to minimize cloud cover and address errors in the remote sensing
imagery. However, the resultant image does classify >80% of the region under study.
Our classification is limited by classification of forest as a single category. We were
unable to subcategorize forest into primary and secondary types owing to
complications associated with working in mountainous areas. This was because
assigning multiple forest categories to the subtle changes in spectral signatures,
associated with primary and regenerating forests, is confounded by shadows
generated by the steep slopes. The data set still provides a good estimate of
remaining primary forest, as the overriding process in the region is that of
deforestation (Peck 2010), and other land types are clearly differentiated. There is
a risk of overestimating forested area suitable for the primate because farming
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Fig. 4 Map showing hunting
pressure and field survey
sites. Hunting pressure is
predicted based on the location
of human settlements with
buffers of radius 9 km applied
to lowland (0–600 masl)
settlements and 3-km buffers
applied to highland
settlements (>600 masl).

practices that generate a canopy-like structure, such as palm oil plantations and areas
of secondary regrowth unsuitable for Ateles fusciceps (Sorensen and Fedigan 2000),
could be classified as forest in this analysis.
We used a relatively low sample size for MaxEnt ecological niche modeling. As a
result, the predictions of historical primate distribution represent locations of high
habitat suitability for Ateles fusciceps, as opposed to definite species presence.
However, model validation confirms that the predicted distribution is an accurate
representation of actual distribution. Further, the model extends into regions where
no locality data currently exist, and reveals potentially unknown populations. These
areas of overprediction are useful in identifying priority areas for fieldwork, to
confirm presence or absence of the study species (Thorn et al. 2009).
The acoustic playback survey method provides an estimated density of 0.9
individuals/km2 for the Los Cedros reserve. This figure lies within the 95%
confidence intervals of density estimates for Ateles fusciceps using line transect
distance sampling (Gavilanez-Endara 2006), which reported a mean density of 1.16
individuals/km2 (95% confidence limits of 0.48–2.81 individuals/km2). Our density
estimates for Ateles fusciceps are lower than those reported in the literature for other
species of Ateles at similar altitudes, although species-specific differences may make
comparison difficult (Shanee 2006). At sites with low levels of hunting we observed
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Fig. 5 Map showing predicted
density of Ateles fusciceps
in unprotected forest within
3 altitudinal ranges and
recommended focus of
immediate conservation action
(black box).

a reduction in the density of Ateles fusciceps with increasing altitude. This trend is
similar to that in other studies with spider monkeys and other primates. It is
attributed to a reduction in fruit availability with altitude (Caldecott 1980; Durham
1975; Marshall et al. 2005).
It must be noted that our density estimates are all based on very low detection
levels, which is inevitable when dealing with rare species that range widely. The
playback methodology clearly shows potential for rapid determination of presence of
Ateles fusciceps. It can also provide a cost- and time-effective estimate of abundance,
particularly when compared to standard line transect methods. Further survey
method development and field calibration are still required to address a number of
uncertainties. For example, dominant individuals may be the only ones that respond
to broadcast calls, resulting in an underestimate of total primate abundance using our
assumptions.
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Table III Estimated density of Ateles fusciceps with altitude based on playback field survey
Location

Effective playback
sample number

Minimum
detectable density
(individuals/km2)

Density estimate
individuals/km2
(observations)

Mean
altitude
(m)

Los Cedros Biological Reserve

34.95

0.23

0.9 (1)

1570

Santa Rosa de Naranjal

12.67

0.63

3.76 (3)

721

Leon Febres Corderoa

13.85

0.57

0.57a (1)

370

Tesoura Escondida

11.68

0.68

7.49 (3)

332

a

Hunting activity suspected at this site

For 1 lowland site, Leon Febres Cordero, we obtained the lowest recorded density
estimate of all. At this unprotected lowland site we suspect high levels of hunting,
based both on our model (Fig. 4) and on personal observations at the survey site
itself. During surveys we recorded a number of visual observations of Ateles
fusciceps, but these primates did not vocalize in response to playback, remaining
silent instead. This may be a response to local hunting pressure, where vocalization
would alert hunters to their position. By comparison, individuals at Tesoura
Escondida vocalized and actually approached the survey team. Based on
conversations with local community members from Tesoura Escondida, it is clear
that this area is rarely hunted. The results suggest that differences in the ratio of
vocal response to visual observations without vocalization may provide an indication
of disturbance pressure such as hunting. We would need to undertake further field
studies to confirm whether specific primate responses and hunting pressure are
actually related.
A key factor in understanding hunting patterns is access to the target prey. We
predicted hunting risk by assuming hunting occurs within a circular zone
surrounding human settlements. This is clearly a simplification, as it does not take
into account roads, paths, and riverine transport networks as forest access points for
hunters. Our model is likely to underestimate hunting activity, because even a single
family can have a significant impact on primate populations (Peres 1990). Our
analysis of hunting is sensitive to the size of buffers applied to settlements. Doubling
the hunting radius around settlements causes a ca. 4-fold reduction in area of
unprotected forest that remains free of hunting activity. It is clear that there is the
need to better understand local hunting patterns and to address the markets, such as
the pet trade, that continue to create a demand for wild primates.
Our analysis shows that 73% of unprotected forest considered suitable for Ateles
fusciceps is deemed susceptible to hunting. It is likely that populations of Ateles
fusciceps are already extinct or at very low levels in these areas. The remaining 26%,
considered at low risk from hunters, is comprised principally of forest that buffers
the southwest of the Cotacachi-Cayapas Ecological Reserve and forest within the
Southern Forest Block (Fig. 5). Unfortunately, populations of Ateles fusciceps are no
longer thought to exist within the Southern Forest Block (Diego Tirira, pers. com.).
As a result, the boxed region in Fig. 5 is considered to be the highest priority area for
conservation action. These lowland, unprotected areas, under low hunting pressure,
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are likely to contain high densities of Ateles fusciceps. This region should be the
immediate focus of field surveys to confirm the existence and abundance of spider
monkeys.
Protected forest covers just over 2172 km2 of habitat suitable for Ateles fusciceps,
across a range of altitudes. It is still unknown whether populations are present in all
protected areas, owing to historical impacts or other factors. Field surveys should
also include protected areas, as their capacity to restrict hunting activity effectively
and preserve suitable habitat for this species is currently unknown. Urgent
conservation action is now required to ensure survival of remaining populations of
Ateles fusciceps.
Acknowledgments We thank all the members of the PRIMENET project for their hard work in and out
of the field. In addition, we particularly thank Fionn Magnusson, Martin Padbury, Xavier Cueva, and all
the parabiologists. We are extremely grateful to the Darwin Initiative (DEFRA) for funding the
PRIMENET project, and the Holly Hill Trust, Primate Conservation International, ABWAK (Association
of British Wild Animal Keepers), and The International Primatological Society and the Primate Society of
Great Britain for support of student and parabiologist fieldwork. We thank 3 anonymous reviewers for
their helpful comments and Dr. Joanna Setchell for the time and effort in helping to improve the
manuscript. For free satellite imagery we thank NASA Landsat Program, 2001, Landsat TM, scene 034079, L1G, EarthSat, Washington, March 31, 2008; NASA Landsat Program, 1986, Landsat TM, scene
074-232, Orthorectified, Geocover, EarthSat, Washington, January 31, 2008.

References
Buckland, S., Anderson, D., Burnham, K., & Laake, J. (1993). Distance sampling: Estimating abundance
of biological populations. London: Chapman and Hall.
Caldecott, J. O. (1980). Habitat quality and populations of two sympatric gibbons (Hylobatidae) on a
mountain in Malaya. Folia Primatologica, 33, 291–309.
Chapman, C. A., Chapman, L. J., & Lefebrve, L. (1990). Spider monkey alarm calls: honest advertisement
or warning kin? Animal Behaviour, 39, 197–198.
CITES (2007). Convention on international trade in endangered species of wild fauna and flora. Available
at http://www.cites.org (Accessed December 2008), UNEP.
Cuarón, A. D., Shedden, A., Rodríguez-Luna, E., de Grammont, P. C., & Link, A. (2008). Ateles
fusciceps. In IUCN 2009. IUCN Red List of Threatened Species. Version 2009.2.
Defler, T. R. (2004). Primates of Colombia (Conservation International Tropical Field Guides). Chicago:
University of Chicago Press.
Durham, N. M. (1975). Some ecological, distributional and group behavioural features of Atelinae in
southern Peru: With comments on interspecific relations. In R. T. Tuttle (Ed.), Socioecology and
psychology of primates (pp. 87–102). The Netherlands: Mouton.
Estrada, A., & Mandujano, S. (2003). Investigaciones con Alouatta y Ateles en Mexico. Neotropical
Primates, 11, 147–156.
Estrada, A., Luecke, L., Van Belle, S., Barrueta, E., & Meda, M. R. (2004). Survey of black howler
(Alouatta pigra) and spider (Ateles geoffroyi) monkeys in the Mayan sites of Calakmul and Yaxchilan,
Mexico and Tikal, Guatemala. Primates, 45, 33–39.
Gavilanez-Endara, M. M. (2006). Demografía, actividad y preferencia de hábitat de tres especies de
primates (Alouatta palliata, Ateles fusciceps y Cebus capucinus) en un bosque nublado del
noroccidente ecuatoriano. BSc thesis, Pontificia Universidad Católica del Ecuador, Quito.
Guisan, A., & Zimmermann, N. E. (2000). Predictive habitat distribution models in ecology. Ecological
Modelling, 135, 147–186.
Magnusson, F. (2006). Census of the brown-headed spider monkey (Ateles geoffroyi fusciceps) in the
Andean cloud forest of the Los Cedros Biological Reserve, Ecuador. MSc thesis, University of
Oxford-Brookes.

Conservation of Brown-headed Spider Monkeys
Marshall, A. R., Topp-Jorgensen, J. E., Brink, H., & Fanning, E. (2005). Monkey abundance and social
structure in two high-elevation forest reserves in the Udzungwa mountains of Tanzania. International
Journal of Primatology, 26, 127–145.
Mittermeier, R. A., Reynolds, A. B., & Rodrigues-Luna, E. (1997). Conservation of neotropical primates:
threatened species and an analysis of primate diversity by country and region. Folia Primatologica,
68, 134–160.
Pearson, R. G., Raxworthy, C. J., Nakamura, M., & Townsend Peterson, A. (2007). Predicting species
distributions from small numbers of occurrence records: a test case using cryptic geckos in
Madagascar. Journal of Biogeography, 34, 102–117.
Peck, M. R. (2010). Establishing a baseline: Determining deforestation rates in NW Ecuador using
LANDSAT satellite imagery. Unpublished report prepared for Rainforest Concern (January 2010).
Peres, C. A. (1990). Effects of hunting on Western Amazonian primate communities. Biological
Conservation, 54, 47–59.
Peres, C. A., & Dolman, P. M. (2000). Density compensation in neotropical primate communities:
evidence from 56 hunted and non-hunted Amazonian forests of varying productivity. Oceologia, 122,
175–189.
Phillips, S. J., Anderson, R. P., & Schapire, R. E. (2006). Maximum entropy modelling of species
geographic distributions. Ecological Modelling, 190, 231–259.
Pinto, L. P. D., & Rylands, A. B. (1997). Geographic distribution of the golden-headed lion tamarin,
Leontopithecus chrysomelas: Implications for its management and conservation. Folia Primatologica,
68, 161–180.
Pozo, R. W. E. (2001). Social behavior and diet of the spider monkey, Ateles belzebuth, in the Yasuni
national park, Ecuador. Neotropical Primates, 9, 74.
Redford, K. H. (1992). The empty forest. Bioscience, 42, 412–422.
Ross, C., & Jones, K. E. (1999). Socio-ecology and the evolution of primate reproductive rates. In D. C.
Lee (Ed.), Comparative primate socio-ecology (pp. 73–110). Cambridge: University Press.
Ross, C., & Reeve, N. (2003). Survey and census methods: Population distribution and density. In J. M.
Setchell & D. Curtis (Eds.), Field and laboratory methods in primatology. A Practical guide (pp. 90–
109). Cambridge: Cambridge University Press.
Segurado, P., Araujo, M. B., & Kunin, W. E. (2006). Consequences of spatial autocorrelation for nichebased models. Journal of Applied Ecology, 43, 433–444.
Shanee, S. (2006). Population reinforcement feasibility study for the brown headed spider monkey (Ateles
geoffroyi fusciceps) at the Los Cedros Reserve, Ecuador. MSc thesis, University of Oxford-Brookes,
Oxford.
Sorensen, T. C., & Fedigan, L. M. (2000). Distribution of three monkey species along a gradient of
regenerating tropical dry forest. Biological Conservation, 92, 227–240.
Thomas, L., Laake, J. L., Strindberg, S., Marques, F. F. C., Buckland, S. T., Borchers, D. L., et al. (2005).
DISTANCE 5.0. Research Unit for Wildlife Population Assessment, University of St. Andrews.
Thorn, J. S., Nijman, V., Smith, D., & Nekaris, K. A. I. (2009). Ecological niche modelling as a technique
for assessing threats and setting conservation priorities for Asian slow lorises (Primates: Nycticebus).
Diversity and Distributions, 15, 289–298.
Tirira, D. (1995–2008). Red Noctilio. Base de información no publicada sobre los mamíferos del Ecuador.
Murciélago Blanco, Quito.
Tirira, D. (2001). Libro Rojo de los Mamíferos del Ecuador, SIMBIOE, EcoCiencia, Ministerio del
Ambiente y UICN, Quito.
Tirira, D. (2004). Estado actual del mono araña de cabeza café (Ateles fusciceps Gray, 1866) (Primates:
Atelidae) en el Ecuador. Lyonia, 6, 17–24.
Tirira, D. (2007). Guía de Campo de los Mamíferos del Ecuador. Quito: Ediciones Murciélago Blanco.
USGS (2006a). Shuttle Radar Topography Mission, 3 Arc Second scene SRTM_ffB03_p010r059, filled
finished-B, Global Land Cover Facility, University of Maryland, College Park, Maryland, February 2000.
USGS (2006b). Shuttle Radar Topography Mission, 3 Arc Second scene SRTM_ffB03_p010r060, filled
finished-B, Global Land Cover Facility, University of Maryland, College Park, Maryland, February 2000.

