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Abstract

Occupancy modelling is a presence/absence survey technigue based on fixed point sampling that
overcomes many logistical limitations of standard primate survey techniques. Our aim was to
identify habitat factors that affect the presence of the critically endangered brown-headed spider
monkey (Ateles fusciceps fusciceps) in a matrix of sustainably logged and primary forest in
Tesoro Escondido (Esmeraldas, NW Ecuador). Using occupancy modelling we quantified
occurrence and distribution of A. f. fusciceps based on presence/absence surveys undertaken
between May-July 2013. Both primary and logged areas were occupied with Ateles f. fusciceps
and they were detected at 29/71 sites (naive occupancy estimate=0.41). Tree density and altitude
were significant indicators of presence, with primary forest sites and lower altitudes associated
with higher detectability. Even replication across sample sites generated the highest detectability,
with 5 site repeats found most cost-effective. Occupancy in logged sites is slightly lower than in
primary sites suggesting that the spider monkey may be able to persist in this mosaic habitat,
however it is likely to be the ratio of primary to selectively logged habitat that determines long
term survival as loggers target key fruiting trees also favoured by A. f. fusciceps (i.e. Brosimium
utile). It is suggested that future field studies incorporate occupancy modelling to investigate
distribution and impacts of hunting and habitat degradation on remaining populations of A. f.
fusciceps. Occupancy modelling provides a particularly powerful tool to investigate impacts of

habitat degradation and hunting on arboreal mammals in difficult terrain.
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Introduction

Primates are increasingly coming in closer contact with humans, and their presence in and close
to anthropogenically altered habitats is becoming more common (Estrada and Coates-Estrada,
1996). The need to study primates in such habitats (Baker et al., 2011) and understand how
anthropogenic factors such as habitat degradation and loss affects them is of increasing
importance for the development of effective conservation action plans. Focusing on studying
changes in primate distribution and abundance in response to environmental change provides the
scientific understanding needed to underpin effective species-specific conservation action plans,

particularly for endangered primates.

The brown-headed spider monkey (Ateles f. fusciceps) is endemic to northwest Ecuador (Peck et
al, 2011), however an 80% reduction in its historic distribution due to agricultural expansion,
logging and hunting (Tirira, 2004) have placed it on the Primates in Peril top 25 most endangered
primates list (Mittermeier et al, 2012). It is listed by the IUCN as Critically Endangered, due to an
estimated 80% decline in population size over the last 45 years (Cuar6n et al, 2008) making the
development of effective species action plans imperative to bring this species back from the brink
of extinction. Previous work has identified areas of importance for the survival of these spider
monkeys in several unprotected areas in NW Ecuador - with a particularly important site at
Tesoro Escondido (Esmeraldas Province NW Ecuador), a community of colonist landowners
where primary forest still remains and hunting does not currently occur (Moscoso, 2010; Peck et

al, 2011).

With commercial logging companies in lands surrounding Tesoro Escondido, and sites of
historically logged areas in Tesoro Escondido, we were interested in determining the effects of
sustainably logged areas on habitat use by A. f. fusciceps. We hypothesized that the spider
monkeys would prefer areas of lower elevation (Peck et al. 2011), and that logging would be the

strongest predictor of presence in an area as previous studies have shown that spider monkeys
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prefer mature primary forest (van Roosmalen and Klein, 1988; Aldana et al, 2008), tending to

disappear from disturbed forest (Estrada et al, 2004; Aldana et al, 2008; Asensio et al, 2012

Occupancy modelling is a presence/absence survey technique that is based on fixed point
sampling. A series of points are visited for a minimum of three repeats (MacKenzie and Royle,
2005) for a set duration of time. Occupancy refers to the number of sites that are being occupied
by a species (Guillera-Arroita et al, 2010). However, due to the difficulty in being certain that a
point is occupied, the definition also applies to sites that are being used by a species. Modelling
occupancy has been used to study several primate species (lemurs; Guillera-Arroita et al, 2010;
Keane et al, 2012; gibbons; Gray et al, 2010; Neilson et al, 2013; owl monkeys; Campbell, 2010;
Sclater’s monkey; Baker et al, 2011). In most of these studies primates occurred in areas that
were difficult to study using other survey methods. For instance, Guillera-Arroita and colleagues
(2010) studied lemurs in marshy areas by canoe. Occupancy models both occupancy and
detectability (MacKenzie et al, 2006). Modelling detectability eliminates false absences that can
occur in presence-absence surveys (MacKenzie et al, 2006) when animals are not encountered
during the survey period but occupy the survey area. Occupancy modelling is based on a series of
assumptions. Sites must be closed to changes in occupancy during the survey season, the species
is always identified correctly, and all sites are independent of one another (MacKenzie et al,
2002). The aim of this investigation was to identify which habitat factors affect the presence of A.
f. fusciceps in Tesoro Escondido using occupancy modelling to aid in the development of a

conservation action plan for this critically endangered species.

Methods

Study Site: Tesoro Escondido
Tesoro Escondido is a cooperative of landowners located in the Canande watershed, part of the

Cotacachi-Cayapas Ecological Reserve (RECC) buffer zone in Esmeraldas Province, NW
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Ecuador (79° 9' 32.37" W 0°27' 21.16"N, Figure 1). The cooperative spans an area of 30 km?,
and all land in Tesoro Escondido is privately owned by 42 families, and houses 10 of these
families. The lowland evergreen forests are interspersed with selectively logged forest and
deforested areas. Logging is performed for wood extraction, cattle farming and agricultural
practices such as cacao farming. Selective logging is also carried out using cables (Figure 2) by
the timber company EcoMadera. This is a sustainable timber extraction method in which the trees
are extracted from the forest by use of cables instead of the widely used, and more destructive,
bulldozers. Logging using cables and a portable sawmill (EcoMadera Forest Conservation, 2013)
last took place between 8-9 months ago. Habitat loss and degradation are the primary
conservation threats in Tesoro Escondido. Tesoro Escondido was selected as the study site
because previous studies have shown that it houses the highest density of A. f. fusciceps in NW
Ecuador at 8.5 individuals per km? (Moscoso, 2010) and 7.5 individuals per km? (Peck et al,

2011).

Occupancy Modelling

Occupancy by brown-headed spider monkeys in Tesoro Escondido was modelled using a single-
season standard occupancy model. Seventy one occupancy points were distributed amongst 4 pre-
existing trails (table 1). At each point, covariates of occupancy were measured; tree density,
canopy connectivity, altitude and tree diameter at breast height (DBH). These measurements were
taken only once for each point. Points were visited during the months of May-July 2013, the
Ecuadorian summer, thereby assuming that the points were closed to changes in occupancy, one
of the assumptions of the model (MacKenzie et al, 2006; Guillera-Arroita et al, 2010). Points
were visited for 10 minutes during each repeat. We placed survey points every 200 meters along
the four trails A, B, C and D to limit overlap between the points, thereby ensuring independence
of the occupancy sites (MacKenzie et al, 2006). The trails were flanked by steep declines at

several points and therefore the terrain was too difficult to place the points randomly. The nearest
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tree at each point was flagged to ensure that the same point was visited on subsequent visits.
During each visit, records were made of the time of day, the climate, and whether after 10
minutes the point was considered to be occupied. A point was considered occupied by A. f.
fusciceps if they were seen (visual sighting) or heard (audio) less than 100 m away (to avoid
overlap between the points). Due to the difficulty of distinguishing primate bite marks from other
mammal species present in the forest, consumed fruits were not included as a way to determine

site occupancy.

Covariates were measured to address the assumptions that changes in occupancy and detectability
across points can be explained by factors of habitat and weather (Baker et al, 2011). We predicted
that canopy cover, altitude, tree density, tree height, tree diameter at breast height (DBH), and
logging would affect occupancy, and that weather would influence the probability of detecting
spider monkeys at a site. We also modelled other habitat characteristics as measures of
detectability as, for example, the removal of trees by logging creates clearances that can enhance
vision and increase the chance of spotting the spider monkeys (Figure 2). Because covariates
influence one another, in the aforementioned example, models were run using all two x two

combinations of covariates.

We measured canopy cover by placing a 1cm x 1cm square grid over the cut off end of a 2 L
plastic bottle and counting the number of complete squares through which leaves were visible.
Canopy cover was calculated as a percentage of total grid cover. Where possible, only the top
levels of the canopy were included in the analysis. The lower levels of the canopy were ignored.
We took GPS readings using a Garmin HCx GPS (+3m accuracy) at each occupancy point to
measure altitude, with an accuracy of <8 m in a vertical plane. Additionally, at all occupancy
points we recorded weather using a 0-5 scale; with O=heavy rain, 1, little rain, 2=cloudy,
3=partially cloudy, 4=some clouds and clear sky, 5=very sunny. The density of trees was

estimated using the point-quarter method (Setchell et al, 2011) around the flagged tree marking
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the occupancy point. At each quarter point we only recorded trees with a minimum circumference
of 15 cm (the minimum size reported as used by A. f. fusciceps). We also estimated tree height
and DBH for the four trees at each point. All data were collected with the help of locally trained
and employed parabiologists. Parabiologists are members of the local community that were
trained in data collection methods. This approach also provides alternative livelihoods and

enhances local conservation awareness.

Data Analysis

We first carried out Chi-square tests to determine whether there was a difference between the
number of spider monkeys observed in the morning and the afternoon (with significance set at the
p<0.05 level). Covariates included in analysis were; tree density, DBH, forest type, canopy
connectivity, weather and altitude. Forest type refers to areas that showed any signs of logging
within a 50m radius of the occupancy point. For instance, the presence of logging cables,
sustainably logged areas and secondary forest. It also included areas that had been completely
logged such as pastures. We calculated the median for weather at each site for all the visits to the
site. We normalised covariate data using the equation Log'°(x +1), where x represents the
covariate value at the site, before entering the data into the model. The log transformation did not
normalize the altitudinal data and therefore we entered the data into the model as non-normal

data.

3.3.4 Occupancy modelling

Sites were visited between 5 and 10 times. A detection history (H;) was created by assigning a 1
to sites that were occupied and a 0 to those that were not (Guillera-Arroita et al, 2010) and the
predicted detection history (MacKenzie et al, 2002; MacKenzie et al, 2006) used to devise a
probability model with parameters yi and pi. i refers to the probability that the spider monkeys
are using a site of interest (i), i.e. that the site is occupied. pi refers to the probability of detecting

the spider monkeys at the site, if they use the site of interest (MacKenzie et al, 2002). Detection
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histories for each occupancy site were combined to create a maximum likelihood model using the

program PRESENCE 5 (Bailey and Adams, 2005).

We used the detection histories for A. f. fusciceps to run a fixed model in which y and p were
kept constant. We ran this for all replicates, all sites with 10 replicates, and all sites with only 5
replicates. Covariates were then added to the model to determine what factors affect presence of
A. f. fusciceps. Covariates included: altitude, forest type, tree DBH, tree density, weather, and
canopy connectivity. We ran models with covariates for all sites with 5 replicates to ensure that
the 71 study sites could all be included in the model, and that a difference in survey effort did not
bias results. We determined the best fit model using Akaike Information Criterion (AIC;
MacKenzie et al, 2006; Mazerolle, 2006). We selected the top 8 models that were within 4 AIC
units difference from the top ranking model (Campbell, 2010; Guillera-Arroita et al, 2010). We

tested model fit using

parametric bootstrapping (100 runs) and a Pearson’s chi-square test (MacKenzie and Bailey,

2004).

Results

Every occupancy point was visited between 5 and 10 times with a mean of 7.8 visits with survey
effort summarised in Table 1. After 99 hours and 30 minutes of surveying, A. f. fusciceps was
seen on 32 occasions and heard at a distance of <100 m three times. This includes repeated
sightings of some groups. The animals were detected at sites between 6:34 in the morning and
15:12 in the afternoon (Figure 3). There was a significant difference between the number of
monkeys detected and the number of monkeys that were expected to be observed throughout the

day(X?= 25.847, d.f.=3, p<0.001).

Ateles f. fusciceps were detected at 29 out of 71 sites in Tesoro Escondido, giving a naive

occupancy estimate of 0.4085. The model in which occupancy and detectability were kept
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constant (y(.)p(.)), gave an occupancy estimate of 1.0 and a detectability estimate of 0.059. An
occupancy value of one indicates that all occupancy points should have been occupied or used by
the spider monkeys, and that a lower naive occupancy value means that not all animals were
detected. Detectability could have been influenced by forest structure, observer error or time of
site visit. When occupancy was modelled for the first 5 site repeats, naive occupancy fell to 0.32,
as spider monkeys were seen or heard only 23 times at 71 occupancy points. Occupancy remained
constant at 1 for y(.)p(.) and detectability with 5 site repeats was 0.068. This is higher than with a
range of 5-10 site repeats. Occupancy was subsequently modelled with 10 site repeats for 29
sites. Naive occupancy was 0.52, as spider monkeys were seen or heard 20 times. Occupancy for
the fixed model came out as 1.0 and detectability was 0.069. Though occupancy values stayed the
same when modelling with different site repeats, the detectability increased when keeping site

repeats constant across sites and when performing many repeats.
Modelling with Covariates

To test the effect of habitat characteristics on y and p, habitat covariates were modelled for 5 site
repeats. The top 8 ranked models are presented in table 2. The model in which occupancy was
affected by forest type and altitude, whilst keeping detectability constant, came out on top (Table
5). Goodness of fit was tested for the fixed model (X?=10.28, P=0.69, C=0.5078), the most
parameterized model (N=5) (X?=11.57, P=0.71, C=0.5445) and top model (X?=11.08, P=0.75,
(=0.497). The model was a good fit to the data. Tree density and altitude came out of the model
as the most important indicators of spider monkey presence in Tesoro Escondido. Sites of all tree
densities and elevations were occupied by A. f. fusciceps. Altitude was the main indicator of the
probability of detecting A. f. fusciceps. With increasing altitude, the ability to detect the spider

monkeys decreased. Beyond 600m, detectability dropped to approximately 4 % (Figure 4).
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Discussion

Previous studies of the Ateles fusciceps fusciceps have focused on determining population
densities (Moscoso, 2010; Peck et al, 2011), identifying Tesoro Escondido as having the highest
density of spider monkeys in NW Ecuador. This species is difficult to study as it lives in
challenging terrain; making traditional line transect surveys more challenging. Additionally, Peck
and colleagues (2011) noted that play-back methods may underestimate primate abundance.
Recently, occupancy modelling has proven to be a useful technique to study arboreal mammals in
difficult terrain (Campbell, 2010; Gray et al, 2010; Neilson et al, 2013). Our aim was to test a
novel method to determine the factors that affect habitat use by brown-headed spider monkeys

(Ateles f. fusciceps) to guide future conservation efforts in the area.

Occupancy modelling revealed that all forest sites in Tesoro Escondido should be occupied by A.
f. fusciceps. This would make Tesoro Escondido a site of high conservation priority for the future
survival of this species. Keane et al (2012), also found occupancy values of 1.0 for Propithecus
diadema and Eulemur fulvus. The model showed that detectability was low across all ranges of
site repeats, but was highest when the number of site repeats was the same across all sites. With 5
site repeats occupancy was found to be 1.0 and detectability was 0.068, only slightly lower than
with 10 repeats. This would indicate that only 5 repeats per site are needed in future to determine
the presence of spider monkeys at sites in and around Tesoro Escondido. By performing 5 instead
of 10 repeats, more sites can be visited and it is more cost effective. Occupancy modelling in this
way, allows for the long-term monitoring of sites of conservation priority through the comparison
of site occupancy across years and the factors that could influence changes in occupancy.
Weather was not a good predictor of detectability in Tesoro Escondido with no significant impact
on sightings. Instead, increases in altitude lead to a decrease in detectability. The higher altitude

sites in Tesoro Escondido often had drops into valleys flanking either side of the trail. This could
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have reduced the ability to see the spider monkeys as one of the main ways to detect a group was

by the noise of branches moving.

Modelling occupancy with covariates showed that altitude was an important indicator of site use
by A. f. fusciceps. Spider monkeys range from sea level to 1800 m in altitude (Shanee, 2009). The
model revealed that the brown-headed spider monkeys were using all the tested sites in Tesoro
Escondido within an altitudinal range of 287 m - 634 m above sea level. Shanee (2009) found
brown-headed spider monkeys up until 1350 m above sea level. It has been suggested that
hunting pressure forces the primates up into higher altitude and less suitable sites (Peck et al,
2011), requiring them to adapt and reduce their group sizes (Shanee, 2009) due to a reduction in
the availability of fruit at higher altitudes (Hanya et al, 2003). The presence of A. f. fusciceps at
low altitude in Tesoro Escondido provides evidence to support the current lack of hunting
pressure in the cooperative. However, Tesoro Escondido, made up of mestizos (colonists) borders

indigenous communities that continue to hunt A. f. fusciceps).

Modelling occupancy of A. f. fusciceps showed that tree density was an important indicator of site
occupancy. At lower tree densities (fewer trees per hectare), more sites were occupied. Primary
forest is characterized by having lower tree densities due to the higher number of large trees. This
suggests that A. f. fusciceps prefers primary forest which is in line with other members of the
Ateles genus (Aldana et al, 2008). Plotting the relationship between patch occupancy and tree
density shows that spider monkeys in Tesoro Escondido are using selectively logged areas. Both
small scale and large scale selective logging are rife in and around Tesoro Escondido. Logging
activity changes forest structure by eliminating large trees and with the disappearance of larger
trees spider monkeys are forced to adapt. Selective logging also increases sun exposure to small
and medium sized trees due to the removal of large trees, thereby increasing fruiting of smaller
and mid-sized trees (Johns, 1991; Ganzhorn, 1995). This generates habitat similar to forest edge

habitat. This increased fruiting might suggest that ripe-fruit specialists, such as spider monkeys
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(van Roosmalen and Klein, 1988; DiFiore et al, 2011) would benefit from increased fruit
production. However, previous studies found that spider monkeys do not use edge habitats (van
Roosmalen and Klein, 1988) as they generally feed on larger trees (Chapman et al, 1995). It is of

note that these larger trees tend to be the very hardwood species targeted by logging companies.

Our recent work at Tesoro Escondido has shown that A. f. fusciceps have a feeding preference for
fruits with higher levels of fats from larger hardwood tree species that are also those targeted and
favoured by loggers, in particular Brosimium utile (local name Sande) (In prep.). So, although A.
f. fusciceps is detected as present in selectively logged areas it may simply be using these areas to
transit between more productive primary forest sites. The results from occupancy analysis
provide an indication that degraded forest still ensures connectivity, but more detailed analysis of
activity and feeding behaviour are needed to understand whether selectively logged forest
actually contributes to the long term maintenance of the species. The ratio of primary to
selectively logged forest is likely to be more critical in maintaining A. f. fusciceps within a mixed
use forest landscape. Logging also opens up areas to other anthropogenic pressures such as
hunting and the primate pet trade, through the building of roads and trails into the forest. Spider
monkeys are preferred targets for hunting in the Neotropics (Peres, 2000) due to their large size
and pleasant taste (Ramos-Fernandez and Wallace, 2008). They are often the first primates to
disappear from forests where they are hunted (Franzen, 2006; Peres, 1990) and the abundance of
spider monkeys in hunted areas is lower than in areas without hunting (Peres, 2000; de Thoisy et
al, 2005). Tesoro Escondido does not currently experience hunting pressure (Peck et al, 2011) and
further research is needed to investigate if the presence of A. f. fusciceps in secondary and
selectively logged forest can be explained by the absence of hunting pressure. Spider monkeys
have been found in disturbed forest (Aldana et al, 2008) within 200m of primary forest (Johns
and Skorupa, 1987) and regenerating forest (Chapman et al, 1989). As it stands, the results

suggest that as long as there is enough primary forest left in Tesoro Escondido, the spider
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monkeys may be able to persist in a mosaic habitat and urgent action is recommended to conserve

the remaining primary forest habitat.

These results should be extrapolated to other areas, with care. However, as this study has
demonstrated, occupancy can be used to investigate the distribution of A. f. fusciceps across a site
of interest, involving relatively little effort and cost. It is therefore suggested that future
conservation efforts incorporate occupancy modelling to investigate where other populations of
A. f. fusciceps are located, especially when surveying areas in which they are being hunted (Baker
et al, 2011) and line transects may not be as applicable due to the difficult terrain (Neilson et al,
2013) and we recommend urgent surveys in and around the Cotacachi-Cayapas Ecological
Reserve (RECC, in which the terrain is challenging and hunting occurs) to provide information
required to identify protected and connected habitat corridors for this species. The ability to
generate information on habitat preferences in addition to estimates of presence and a metric to
assess abundance supports the use of occupancy in providing vital information to underpin

effective conservation action planning.
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397  Table 1. Occupancy survey effort and number of survey points on trails at Tesoro Escondido.

398
Trail Length of Trail (km)  Number of Points on Trail Survey effort
Trail A 4.3 21 35 hr 00 min
Trail B 4.3 22 29 hr 10 min
Trail C 2.3 12 10 hr 00 min
Trail D 3.0 16 25 hr 20 min
Total 13.9 71 99 hr 30 min
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Table 2. Occupancy models of A. f. fusciceps in Tesoro Escondido for the 8 top-ranking models
with AIC: Akaike Information Criterion, AAIC: Akaike difference, AICw: Akaike weight, N:
Number of parameters; Model names comprise the covariate that was modelled for the
probability of occupancy (V) and the probability of detecting (p) spider monkeys. Covariates of
the top models included: presence/ absence of forest disturbance as a result of logging (FOR),
altitude (ALT), canopy connectivity (CAN), tree density (DEN), tree diameter at breast height

(DBH) and climate (CLI). Models in which covariates were kept constant were denoted by (.).

Model AlC AAIC AICw N b 4

Y(FOR, ALT),p(.) 17526 0 00827 4 0845

P(CAN, DEN),p(CAN) 17585 059 00615 5  0.873
P(ALT, DEN),p(.) 17609 083 00546 4  0.859
P(FOR, ALT),p(CLI) 17716 1.9 0.032 5  0.845

¥(DEN, DBH),p(ALT) 17718 192 00317 5  0.901

P(FOR, ALT),p(DBH) 177.26 2 00304 5 0845
P(CAN,DEN),p(ALT) 17744 218 00278 5  0.873
Y(ALT,DEN),p(DEN) 17788 262 00223 5  0.873
¥(),p() 179.65 439 00092 2 1.0
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413 Figure 1. Tesoro Escondido, focus of the project location in Esmeraldas Province, NW Ecuador,
414  with light green shaded areas showing remaining forest habitat that require urgent conservation

415  action (Data and map from remote sensing and GIS analysis in Peck et al, 2011).

416

417



418

419

420  Figure 2: Top photographs show trail A with primary forest, and bottom ones trail C with primary

421 forest interspersed with logging cables at Tesoro Escondido.
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424 Figure 3. Survey effort in relation to the number of A. f. fusciceps observed throughout the day
425  showing survey effort was greatest between 11:00 and 12:00 and the highest number of primates

426  sighted from 9:00 t010:00.
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432 Figure 4. The probability of detection of Ateles fusciceps fusciceps in Tesoro Escondido,
433 northwest Ecuador between May-July 2013, in relation to altitude. Error bars represent standard

434 error. Probabilities of detection were taken from the model ¥(.),p(ALT).
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