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Abstract

In species with a high degree of fission-fusion dynamics group members may differ in the use of
the group home range to reduce food competition. Such differential use may result in distinct
individual core areas. We studied core area quality and overlap among 21 female spider monkeys
belonging to the same group over a period of 4 years. Core areas ranged between 62 and 161 ha
with a mean overlap of 56% between any given two females. Only a small portion (mean = 3ha)
of each individual core area was used exclusively. No single part of the home range was used as
core area by all females, and only an area of less than 1 ha was used as part of the core area by
20 of the 21 females. The time a female spent in the group (i.e. group tenure) was associated
with characteristics of the core areas: the longer the group tenure, the better the quality of her
core area. In addition, the longer the time two females spent together in the same group, the
larger the overlap between their individual core areas. As this result was obtained while
controlling for the time two females spent together in the same subgroup, females may reduce
direct competition by using the same resource at different times. In sum, spider monkey females’
group tenure plays a central role in the quality and overlapping patterns of their individual core

areas.

Keywords: Home range, core area, spider monkeys, tenure, immigration



34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Asensio 3

Introduction

Core areas are the parts of the home range most frequently used [Burt 1943]. Because they
constitute the areas in which spatial activity is concentrated, core areas are expected to contain
biologically relevant features in greater densities than the rest of the home range [Kaufman 1962;
Leuthold 1977]. Several studies support this view as muriquis’ (Brachyteles hypoxantus) core
areas contained a greater number of large trees than other home range areas [da Silva Junior et al.
2009], more decayed logs were in the core areas of western red-backed voles (Myodes
californicus) than in other parts of the home range [Thompson et al. 2009], white-handed
gibbons’ (Hylobates lar) core areas had the highest densities of food trees [Asensio et al. 2014],
and European wolves’ (Canis lupus) core areas overlapped mainly with the forest habitats used
by its major prey species, red deer [Findo & Chovancova, 2004]. Similarly, spider monkeys’
(Ateles geoffroyi) core areas contained high densities of feeding trees, sleeping sites, and patches
of old-growth forest [Asensio et al. 2012a, Ramos-Fernandez et al. 2013]. Because of the
concentration of biologically relevant features, core areas are commonly thought to represent the
optimal area that an individual or a group needs to survive and reproduce [Binghan & Noon
1997; Powel 2000; Samuel et al. 1985]. Core areas are thought to be associated with the presence
of fundamental resources, but the notion of being the optimal area required for survival has been
challenged because other parts of the home range may also contain necessary resources
[Buchanan et al. 1997; Asensio et al. 2012a]. In addition, core areas may be operationally
defined using different methods (e.g. kernels, minimum convex polygon) and parameters (e.g.

different percentages of kernels) creating potentially erroneous variation [Downs et al. 2012].
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Individuals living in cohesive groups must share the same locations, and interindividual
differences in space use would be minimal depending mainly on group spread [Bode et al. 2012;
Smith et al. 2005; Warburton & Lazarus 1991]. This pattern is unlikely in species with a high
degree of fission-fusion dynamics, in which individuals belonging to the same group fission and
fuse into subgroups of variable composition [Aureli et al. 2008]. Under these circumstances,
individuals may have distinct core areas as different individuals can occupy different areas of the

group home range at the same time.

Food is a main source of competition among female mammals as feeding efficiency is
expected to be closely linked to reproductive success [Emlen & Oring 1977; Trivers 1972].
Therefore, female space use is highly influenced by the availability and distribution of resources
[e.g. Benson et al. 2007; Murray et al. 2007; Pellerin et al. 2010], and females should compete
for better quality habitat whenever possible [Sterck et al. 1997]. For example, in chimpanzees
(Pan troglodytes), which exhibit a high degree of fission-fusion dynamics [Nishida & Hiraiwa-
Hasegawa 1987; Stumpf 2011], females have individual core areas that appear to mediate
reproductive success [Williams et al. 2002] and long-term residents attack new immigrant
females in high-quality core areas [Kahlenberg et al. 2008; Miller et al. 2014]. Food quality
differences across core areas have been associated with variation in reproductive success as
chimpanzee females with core areas containing more preferred foods had elevated ovarian
hormone production, shorter inter-birth intervals, and higher infant survivorship [Emery

Thompson et al. 2007].

Like chimpanzees, spider monkeys (Ateles spp.) are characterized by female dispersal

and a high degree of fission-fusion dynamics [Aureli & Schaffner 2008; Shimooka et al. 2008;
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Symington 1990]. They prefer evergreen primary forest and relatively high canopy levels
[Chapman 1988; DeGama-Blanchet & Fedigan 2006; Wallace 2008] where higher densities of
food trees are found [Asensio et al. 2012a; Ramos Fernandez et al. 2013]. Spider monkeys do not
use their home range homogeneously focusing their activities in core areas [Asensio et al. 2012a;
Campbell 2000; Chapman 1990; Shimooka 2005; Spehar et al. 2010; Symington 1988; van
Roosmalen, 1985] that may vary depending on changes in resource availability [Asensio et al.
2012b; Nunes 1995; Wallace 2006]. Although there is variation in the size and overlap of
individual core areas across spider monkey populations [Wallace 2008b], overall there are
similarities with chimpanzees regarding individual core areas and aggression patterns. Spider
monkey females concentrate their ranging in individual core areas distributed throughout the
group home range [Symington 1988]. Asensio et al. [2008] documented aggression by long-term
resident females to recently immigrated females during feeding in spider monkeys; thus, females
may compete for high-quality core areas, like in chimpanzees.

The aim of our study was to examine space use of spider monkey females and the
potential competition for high-quality habitat by investigating differences in their individual core
areas. We analyzed whether the location of individual core areas and female tenure in the group
are associated with the quality of female core areas. In addition, we examined which
socioecological factors, such as habitat quality, the degree of association in subgroups between
individual females and the time females lived together in the group, could better explain the size

of the overlap between individual core areas.

Methods
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Study site and study individuals

The study was carried out at the Santa Rosa sector of the Guanacaste Conservation Area, situated
in northwestern Costa Rica (10° 50°N, 85° 38’W). The Santa Rosa sector comprises 108 km? of
tropical dry forest from the foothills of volcanic mountains down to the Pacific coastal plain (0—
300 m elevation). Santa Rosa sector consists of a highly seasonal forest with a severe dry season
between December and May and a wet season during the rest of the year when most of the
annual rainfall occurs (900-2500 mm) [Janzen 1986].The original vegetation was continuous dry
forest consisting mainly of semi-evergreen trees [Janzen 1983, 1986], but over the past 400 years
much of the upper plateau was cleared by anthropogenic activities [Fedigan &Jack 2001]. The
study site is a mosaic landscape with various stages of forest regeneration surrounding

occasional fragments of old evergreen mature and riparian forest [Arroyo-Mora et al. 2005].

Our research conforms to the American Society of Primatologists principles for the
ethical treatment of primates and permission to conduct research was granted by the Costa Rica
Ministry of Environment and Energy (MINAE) and adhered to the legal requirements of Costa

Rica.

We investigated one group of spider monkeys (Ateles geoffroyi) that varied in size (25-34
individuals) due to birth, immigration, and disappearance during the study period. Twelve adult
females were already present in the group (since 2003) at the start of our study and 9 additional
females immigrated into the group over the next 4 years. The monkeys were well habituated to
being followed by researchers and could be individually recognized from pelage and facial

patterns as well as sex and size.
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Data collection

The study was carried out between January 2005 and December 2008 for 48 consecutive months.
We followed subgroups during the entire course of the daylight hours balancing observations
between mornings and afternoons. Spider monkey subgroups were followed for a total of 521
days, of which 73 were all-day subgroup follows. Individuals were considered in the same
subgroup when they were at a distance of <50 m from at least one other subgroup member
[Aureli et al. 2012], following a chain rule [cf. Ramos-Fernandez 2005]. Fission occurred when
one or more individuals from the followed subgroup were not observed at a distance of <50 m
from at least one current subgroup member for more than 30 minutes. Fusion occurred when one
or more individuals not belonging to the followed subgroup came to a distance of < 50 m from
any member of the followed subgroup [Asensio et al. 2009]. Different subgroups could be as far
as 2 km apart from each other, and some individuals were not observed together in the same
subgroup for several months (unpublished data). We randomly selected which subgroup to

follow after a fission event.

Every 30 minutes we recorded the location of the followed subgroup using the track point
setting on a handheld global positioning unit (GPS Garmin GPSMAP 76CSX) from roughly the
center of the subgroup. Geographical coordinates were collected using the coordinate system
(datum) WGS84 and projected into Universal Transverse Mercator (UTM, Zone 16N) units. A
total of 5381 30-minute subgroup location points during 2691 sampling hours were collected
during the study, with a mean (x SD) of 1344 (£ 301.4) points per year. A subgroup location

point was considered as a location point for each female present in the subgroup. Due to the high
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degree of fission-fusion dynamics of the study group, females were not equally present in the
followed subgroups, being sampled on average in 1863 (£ 287) location points, with a minimum
of 165 and a maximum of 3715 points. To determine the minimum number of location points
needed to generate individual core areas we followed a bootstrap procedure running 50 iterations
(with replacement) at every 10-location-point increment (10 location points, 20 location points,
30 location points and so on) for each female using the Animal Movement Extension in Arcview
3.2 [Environmental Systems Research Institute, Redlands, CA, USA; Hooge and Eichenlaub
2000]. We found that a minimum of 120 location points was sufficient to reach an asymptote of
the area-observation curve (Figure 1; Odum & Kuenzler 1955). Hence, all the 21 females were
used in the analyses. The location of food trees where the monkeys of the followed subgroup fed
for at least 5 minutes was also recorded with the GPS and their diameter at breast height (DBH)

was measured.

Core area estimation

We used the fixed kernel method to determine the core area for each female. Kernel method
produces probability utilization distributions of space use patterns with smaller percentages
representing the most used areas based on a set of animal locations [Worton 1989]. Each location
is assumed to have a “weight” in the form of a bivariate normal kernel controlled by a smoothing
factor [Samuel et al. 1985]. The smoothing factor was calculated by the least squares method.
The inflection point in the utilization distribution of kernel contours was used to determine core
areas following Harris et al. [1990]. We plotted contour values at 5% increments from 5% to

95% contours against the percentage of area enclosed. Contour area values were calculated using
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the “fixed kernel density estimator” of Hawth Tools for ArcGIS [Beyer 2004]. Then, we fitted an
exponential regression function (y = e™) forced through the origin to the data. We used the
resulting regression coefficient ‘b’ to determine the point (x) where the slope of the exponential
regression curve was 1, i.e. where there was a slope discontinuity, by solving x = [In (1/b)] / b for
each individual set of locations. The use of an interval of 30 minutes between location points was
considered as an acceptable compromise between inappropriate subsampling and loss of
biologically relevant information while seeking independence of data points [De Solla et al.

1999; Willems & Hill 2009].

A biologically relevant method to establish individual core areas in species characterized
by a high degree of fission-fusion dynamics is 1) to consider that all subgroup members share the
same location [cf. Spehar et al. 2010] and 2) to use a weighted value of each individual location
by taking into account the research effort. To control for differential research effort across
locations, we divided the study site in 25x25 m square cells and identified the cell in which each
location was found. We then divided the number of times a female was observed in a location
cell by the number of times the study spider monkeys were observed in that location cell. For
example, if one female was observed in a given cell twice and spider monkey subgroups were
followed in such a cell 10 times, the weighted value of that particular location for that female
was 0.2 (2/10). Accordingly, we calculated each female’s core area by specifying the appropriate
weighted value to the input points in the density estimate of the “fixed kernel density estimator”

tool.

Data analysis
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Overlap intensity among individual female core areas was defined as the relative use of
the home range as individual core area. We determined overlap intensity by overlaying all
individual core areas and identifying sections covered by a different number (ranging from 0 to
21) of individual core areas [cf. Ramos-Fernandez et al. 2013]. The resulting figure provides a
visual representation of the overlap intensity among individual core areas. To quantify such
overlap intensity we estimated an overlap index (oi) per each female using the formula:

j
=2 LiO;
nA

ol =
where j is the number of overlapping areas in a given female core area, t is the number of times
that each area overlapped with other females core areas, o is the overlap area size, n is the
number of females (i.e. the maximum number of times any region of a core area can be
overlapped), and A is the corresponding female core area size. Overlap values could range from
0 to 1 with values close to 1 indicating high overlap and values close to 0 indicating none or low

overlap. We also examined the size of core area and the sum of DBH of the food trees within it

as a function of the overlap intensity.

In addition, we calculated the proportion of the group home range (509 ha, calculated as
the overlay of seasonal home ranges across the 4 years [Asensio et al. 2012b], which also
matches the overlay of all individual home ranges), corresponding to the overlay of all individual
female core areas. The degree of core area exclusivity was the proportion of each female’s core

area that did not overlap with other females’ core areas.

A General Linear Model (GLM) was used to investigate how a female’s core area quality

(continuous dependent variable) was affected by her group tenure (i.e. the amount of time a
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female had spent in the group). The distance of the female to the center of the group home range
was added as another independent variable to control whether the potential effect of tenure on
core area quality could simply be due to shorter-tenure individuals using peripheral areas of the
group home range (which may be of lower quality) more often than longer-tenure individuals.
The distance of the female to the center of the group home range was calculated as the distance
between the geometrical center (i.e. the centroid) of the group home range [509 ha; Asensio et al.
2012b] and that of the core area of each female. Both centroids were calculated using the
“calculate geometry” tool in ArcGIS. Group tenure of each female was calculated as the number
of months the female was present in the group from 2003 (i.e. from when all monkeys were
individually recognized) until the end of this study (maximum 72 months). As a proxy for the
quality of each female’s core area we used the sum of DBH of the food trees within the core
area. Given that the study area covered during subgroup follows did not change over the 4-year
study period and 200 observation days were sufficient to find an asymptote in the number of
food trees used by spider monkeys in the entire home range, we considered these food trees as
representative of the food sources available to the study group [Asensio et al. 2012a].
Furthermore, we used another GLM to test the effect of a female’s group tenure (controlled by
the female’s distance to the center of the group home range) on the density of food trees in her
core area. Such a food tree density was viewed as a proxy of core area effectiveness since it is
less energy costly for a female to range in a smaller than a larger core area with the same number
of food trees. The parameters of the GLM tests and their standard errors were estimated with the
weighted generalized estimating equations. All data sets followed a normal distribution with

homogeneity of variance.
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To examine the factors affecting the size of the overlap between pairs of individual core
areas (dependent variable) a linear mixed model (LMM) was employed with dyadic tenure,
dyadic association index and habitat quality in terms of the sum of DBH of the food trees in the
overlap as independent variables. Dyadic tenure was defined as the number of months two
females were together in the group during the study period. Dyadic association index reflected
the proportion of time two individuals were together in the same subgroup. Following Cairns and

Schwage (1987), we calculated dyadic association index (1) as follows:

L #AB
AB T HA + #B + #AB

where #AB is the number of 30-minute subgroup location points in which individuals A and B
were present in a subgroup together, #A the number of subgroup location points in which A was
present without individual B, and #B the number of subgroup location points individual B was
present without individual A. We only took into account the period in which both females of any

dyad were present in the group to calculate #A and #B.

Core area overlap between each pair of females was calculated by using the percentage of

the Minta index (Minta 1992):

ANB
VAB

Minta index =

where A N B is the size of the overlapping area between the two individual core areas A and B
and V4B is the geometric mean of the two core area sizes. A percentage of the Minta index of

100 indicates complete overlap between the two individual core areas, whereas 0 signifies that

the two core areas do not overlap at all. The sum of the size of the two individual core areas was
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added in the LMM to control for its potential effect on the overlap area size. The individual
identities were fitted as random factors to control for data dependency and between-subject
variance as the same individual belonged to several dyads. The assumptions of normality and
homogeneity of variance in the random errors were not violated The Akaike information
criterion was used to select the best explanatory model (Tabachnick & Fidell 2007). All analyses
were performed in PASW/SPSS version 20.0 for windows (IBM Corp., USA). An alpha level of

P < 0.05 was set for all analyses.

Results

Spider monkey females had individual core areas ranging in size between 62 and 161 ha (mean +
SD = 138 + 24 ha) with a mean overlap of 56 % (+ 22) between any given two females. The
intermediate degree of overlap was confirmed by a mean overlap index of 0.61 (+ 0.10). The
overlay of all individual core areas accounted for an area of 350 ha, covering 69% of the group
home range. Female core areas occupied the most central position of the group home range and
all together included 97% of the known food trees (Figure 2). No single part of the home range
was used as core area by all females and only an area of less than 1 ha was used as core area by
20 of the 21 females (Figure 2 and 3). In 18% (63 out of 350 ha) of the overlay of all individual
core areas there was no overlap between core areas (Figure 3), reflecting the small size of each
individual core area that was used exclusively by a given female without overlap with other
females’ core areas (3 £ 3 ha; 3 £ 2% of the individual core area). The variation in overlap
intensity among the 21 females’ core areas was characterized by a steep decrease of the core area

sizes as the overlap intensity increased (Figure 3), indicating a differential use of the space across
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females. Areas with especially high overlap intensity contained the highest values of cumulative
DBH of food trees (Figure 4), with a sudden drop within areas used by more than 18 females,

likely due to the small size of these areas (Figure 3).

Core area quality

The study group home range contained 677 food trees (1.3 per ha) for a total of 38,985
cumulative DBH with a mean (xSE) of 395 (+30) food trees (2.8 + 0.15 per ha) and 22,855 (+
1,625) cumulative DBH per female core area. The best model explaining variation in individual
core area quality included only group tenure (Table 1). The quality of individual core areas
significantly increased with group tenure (F121 = 11.7, P = 0.002, Figure 5). Similarly, only
group tenure was included in the best model explaining core area effectiveness (Table 2). Female
group tenure was positively associated with the density of food trees in her core area (F1 21 =

9.59, P = 0.005, Figure 5).

Core area overlap

The best model explaining variation in overlap between two female core areas included all
independent variables (Table 3). Specifically, there was a positive effect of dyadic tenure (Fy 175
=28.1, P = 0.0001; Figure 6), dyadic association index (F 159 = 62.5, P = 0.0001; Figure 7) and

the sum of DBH of the food trees in the overlapping area (F 1178 = 57.7, P = 0.0001; Figure 8).
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Discussion

Our findings confirm that in spider monkeys adult females have individualized core areas as their
high degree of fission-fusion dynamics allows different spatial use for each adult female. The
overlap between the core areas of any given two adult females was on average 56%, which was
further confirmed by an intermediate value of the overlap index of 0.61. However, an exclusive
use of individual core areas was rare, with on average only 3 ha (3%) not overlapping with any
other female’s core area. Similarly, Spehar et al. [2010] found little evidence of exclusive core
area use by individual spider monkeys (A. belzebuth), although the range estimator they used was
the grid cell count, which likely overestimated core area size [Powell 2000]. The overlay of all
individuals’ core areas covered a large portion of the group home range. This result is in
agreement with Symington’s [1988] finding of the existence of core areas distributed throughout
the group home range of Ateles paniscus chamek. Despite the relative high overlap between pairs
of females and low individual core area exclusivity, we did not find a single area of the home
range in which all 21 study individual females’ core areas overlapped, and the size where the
core areas of 20 females overlapped was less than 1 ha. Overall, this pattern indicates that
females are to some extent spacing themselves out within the group home range, but without any
substantial exclusive use of core areas. This finding agrees with what Wrangham (1979) reported
for chimpanzee females at Gombe, but at the same site Williams et al. (2002) found a pattern of
small overlapping core areas between chimpanzee females with resident females having high
core-area fidelity. Emery Thompson et al. (2007) show that resident chimpanzee females at
Kibale occupied core areas containing the most preferred foods. This supports the notion of
exclusive core areas being only relevant at times of food scarcity, when defending an exclusive

core area with critical food may become beneficial [van Roosmalen, 1985; Wallace, 2006].
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Group tenure was a good predictor of core area quality. The time spent in the group may
mediate competition for resources among females as the longer a female was in the group the
better quality her core area, although we need to use caution in interpreting this finding as some
females were already in the group at the beginning of the study and thus it was not possible to
know their exact group tenure. The flexibility of fission-fusion dynamics creates opportunities
for spatial patterns to differ among group members, allowing longer-term resident females to
outcompete new immigrants for better quality areas. In a heterogeneous landscape where food
availability varies across the habitat, such as the dry forest biome of the study site [Frankie et al.
2004], females are expected to compete for access to high quality areas [Sterck et al. 1997],
which could be reflected in differential reproductive success as shown in chimpanzees [Emery
Thompson et al. 2007; Kahlenberg et al. 2008]. We do not have data on reproductive success, but
in another spider monkey species (A. paniscus chamek) the females most vulnerable to
aggressive displacements had the longest interbirth intervals [Symington 1988], although the
study was probably not sufficiently long to obtain a reliable dataset on interbirth intervals. In our
study group aggression was typically directed by longer-term resident females against newly
immigrant females at food trees (Asensio et al. 2008). It would have been interesting to know
whether the most vulnerable females of Symington’s (1988) study were newly immigrants, and

whether such aggression occurred within high-quality core areas.

Core area overlap between pairs of adult females was best explained by the association
index, dyadic tenure, quality of the overlapping area, while controlling for the combined size of
the two core areas involved. The positive effect of the association index is not surprising as the
more time females spend together in the same subgroup the more likely their individual core

areas overlap. This is similar to what is found in other mammals in which the degree of
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interaction between individuals is correlated with their spatial overlap [Giraffa camelopardalis,
Carter et al. 2013; Artibeus watsoni, Chaverri et al. 2007; Tursiops truncatus, Frére et al. 2010].
The dyadic tenure, i.e. the time two individuals spent simultaneously in the group without being
necessarily together in the same subgroup, independently had a similar effect. This suggests that
in addition to using the same area because they are in the same subgroup, females with longer
dyadic tenure are also intensively using the same areas when they are not together. Thus, females
could reduce competition by fissioning into smaller subgroups and avoid the simultaneous use of
resources. However, they are more likely to use the same resources as longer-known partners
(i.e. long dyadic tenure), albeit at a different time, resulting in larger overlap of their core areas.
In the best model there was also a positive effect of habitat quality in the overlapping area. This
effect suggests that females more often use high-quality areas intensively used by others. It is
important to note that the study group had a higher female immigration rate (9 in 72 months: 2.2
females per year) than other spider monkey groups (0.7 females per year: Shimooka et al. 2008).
It is possible therefore that the high demographic fluidity, due to this higher female immigration
rate along with a previously unreported high fluidity of males [Aureli et al. 2013], affected

female ranging and association patterns.

In conclusion, the flexibility of spider monkeys’ fission-fusion patterns creates
opportunities for differential space use resulting in individual female core areas, but with a low
degree of exclusive use. Group tenure played a central role in the quality and overlapping
patterns of these core areas. Our findings suggest that despite the possibility of fissioning, spider
monkey females still compete for access to distinct but overlapping high-quality core areas.
Future research should examine whether, like in chimpanzees, having better quality core areas

results in fitness benefits for spider monkey females.



356

357

358

359

360

361

362

363

364

Asensio 18

Acknowledgments

We thank Elvin Murillo Chacon for the support in the field. We also thank all the staff from
Santa Rosa sector of the Guanacaste Conservation Area, especially Roger Blanco and Maria
Marta Chavarria for facilitating our research at the site. We are grateful to Juan Manuel Jose
Dominguez and David Lusseau for sharing insights on the methodology and to Anthony Di Fiore
and two anonymous reviewers for their useful comments. This study was supported by the
Leakey Foundation, The University of Chester, Chester Zoo and The Department of Political

Science (Zientzia Politikarako Zuzendaritza) of Basque Government.



365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

Asensio 19

References

Arroyo-Mora J P, Sdnchez-Azofeifa, G A, Kalacska MER, et al. 2005. Secondary forest
detection in a neotropical dry forest landscape using Landsat 7 ETM+ and IKONOS
Imagery. Biotropica 37:497-507.

Asensio N, Korstjens AH, Schaffner C, Aureli F. 2008. Intragroup aggression, feeding
competition and fission-fusion sociality in spider monkeys. Behaviour 145(7):883-1001.

Asensio N, Korstjens AH, Aureli, F. 2009. Fissioning minimizes ranging costs in spider
monkeys: a multiple-level approach. Behav Ecol Sociobiol 63(5):649-651.

Asensio N, Lusseau D, Schaffner CM, Aureli F. 2012a. Spider monkeys use high-quality core
areas in a tropical dry forest. J Zool 287(4):250-258.

Asensio N, Schaffner CM, Aureli F. 2012b. Variability in core areas of spider monkeys Ateles

geoffroyi in a dry tropical forest. Primates 53(2):147-156.

Asensio N, Brockelman WY, Malaivijitnond S, Reichard U. 2014. White-handed gibbon

(Hylobates lar) core area use over a short-time scale. Biotropica 46(4):461-469.

Aureli F, Schaffner CM, Boesch C, et al. 2008. Fission—fusion dynamics: new research

frameworks. Curr Anthropol 49:627-654.

Aureli F, Schaffner CM. 2008. Social interactions, social relationships and the social system of
spider monkeys. In: Campbell CJ, editor. Spider monkeys: behavior, ecology and
evolution of the genus Ateles. New York: Cambridge University Press. p 236-265.

Aureli F, Schaffner CM, Asensio N., Lusseau D. 2012. What is a subgroup? How

socioecological factors influence interindividual distance. Behav Ecol 23(6):1308-1315.



386

387

388

389

390

3901

392

393

394

395

396

397

398

399

400

401

402

403

404

Asensio 20

Aureli F, Di Fiore A, Murillo-Chacon E, Kawamura S, Schaffner CM. 2013. Male philopatry in
spider monkeys revisited. Am J Phys Anthropol 152(1):86-95.

Benson JF, Chamberlain MJ. 2007. Space use and habitat selection by female Louisiana black
bears in the Tensas River Basin of Louisiana. J Wildl Manage71(1):117-126.

Beyer HL. 2004. Hawth's Analysis Tools for ArcGIS. http://www.spatialecology.com/htools.

Accessed 9 October 2013.

Bingham BB, Noon BR. 1997. Mitigation of habitat “take”: Application to habitat conservation

planning. Cons Biol 11:127-139.

Bode NWF, Wood AJ, Franks DW. 2012. Social networks improve leaderless group navigation

by facilitating long-distance communication. Curr Zool 58(2): 329-341.

Buchanan JB, Fredrickson RJ, Seaman DE. 1997. Mitigation of habitat “take” and the core area

concept. Conserv. Biol. 12: 238-240.

Burt WH. 1943. Territoriality and home range concepts as applied to mammals. J Mammal

24:346-352.

Cairns SJ, Schwager SJ. 1987. A comparison of association indices. Anim Behav 35:1454-1469.

Carter KD, Seddon JM, Frére CH, et al. 2013. Fission-fusion dynamics in wild giraffes may be

driven by kinship, spatial overlap and individual social preferences. Anim Behav 85:385-394.

Chapman CA. 1988. Patterns of foraging and range use by three species of neotropical primates.

Primates 29:177-194.



405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

Asensio 21

Chapman CA. 1990. Association patterns of spider monkeys: the influence of ecology and sex on
social organization. Behav Ecol Sociobiol 26:409-414.

Chaverri G, Gamba-Rios M, Kunz TH. 2007. Range overlap and association patterns in the tent-
making bat Artibeus watsoni. Anim Behav 73:57-164.

da Silva Junior WM., Alves Meira-Neto JA, da Silva Carmo FM, et al. 2009. Habitat quality of
the woolly spider monkey (Brachyteles hypoxanthus). Folia primatol 80:295-308.

De Gama-Blanchet H, Fedigan L. 2006. The effects of forest fragment age, isolation, size,
habitat type, and water availability on monkey density in a tropical dry forest. In: Estrada A,
Garber M, Pavelka M, Lueke L, editors. New perspectives in the study of mesoamerican
primates. New York: Springer. p 165-188.

De Solla SR, Bonduriansky R, Brooks RJ. 1999. Eliminating autocorrelation reduces biological

relevance of home range estimates. J Anim Ecol 68:221-234.

Downs JA, Heller JH, Loraamm R, Stein DO, McDaniel C, Onorato D.2012. Accuracy of home
range estimators for homogeneous and inhomogeneous point patterns. Ecol Model 225:66-73.

Emery Thompson M, Kahlenberg SM, Gilby IC, Wrangham RW. 2007. Core area quality is
associated with variance in reproductive success among female chimpanzees at Kibale

National Park. Anim Behav 73:501-512.

Emlen ST, Oring LW. 1977. Ecology, sexual selection and the evolution of mating systems.

Science 197:215-223.

Fedigan LM, Jack K. 2001. Neotropical primates in a regenerating Costa Rican dry forest: A

comparison of howler and capuchin population patterns. Int J Primatol 22(5):689-713.


http://www.tulane.edu/~kjack/documents/Fedigan_and_Jack_2001_NeotropicalPrimatesinaRegeneratingCostaRican.pdf
http://www.tulane.edu/~kjack/documents/Fedigan_and_Jack_2001_NeotropicalPrimatesinaRegeneratingCostaRican.pdf

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

Asensio 22

Frére CH, Kritzen M, Mann J, et al. 2010. Home range overlap, matrilineal and biparental

kinship drive female associations in bottlenose dolphins. Anim Behav 80:481-486.

Janzen DH. 1983. No park is an island: increase in interference from outside as park size

decreases. Oikos 41:402-410.

Janzen DH. 1986. Guanacaste National Park: tropical ecological and cultural restoration. San

Jose, Costa Rica: Fundacion de Parques Nacionales, Editorial Universidad Estatal Distancia.

Findo S, Chovancova, B. 2004. Home ranges of two wolf packs in the Slovav Carpathians. Folia

Zool 53(1):17-26.

Frankie GW, Mata SA, Bradleight SB. 2004. Biodiversity conservation in Costa Rica: Learning
the lesson in a seasonal dry forest. Berkeley: University of California Press.
Goodall J. 1986. The Chimpanzees of Gombe. Cambridge, Massachusetts: Harvard University

Press.

Harris S, Cresswell WJ, Forde PG, et al. 1990. Home-range analysis using radiotracking data: a
review of problems and techniques particularly as applied to the study of mammals. Mammal

Rev 20:97-123.

Hooge PN, Eichenlaub B. 2000. Animal movement extension to Arcview. ver. 2.0. Alaska

Science Center - Biological Science Office, U.S. Geological Survey, Anchorage, AK, USA.

Kahlenberg S, Emery Thompson M, Wranghan RW. 2008. Female competition over core areas

in Pan troglodytes schweinfurthii, Kibale National Park, Uganda. Int J Prim 29:931-947.



445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

Asensio 23

Kaufmann JH. 1962. Ecology and social behavior of the coati, Nasua narica, on Barro Colorado

Island, Panama. Univ Calif Publ Zool 60:195-222.

Kummer H. 1971. Primate Societies: Group Techniques of Ecological Adaptation. Chicago:

Aldine.

Leuthold W. 1977. African Ungulates. Berlin, Heidelberg, New York: Springer-Verlag.

Odum EP, Kuenzler, EJ. 1955. Measurement of territory and home range size in birds. Auk

72:128-137.

Miller JA, Pusey AE, Gilby IC, Schroepfer-Walker K, Markham AC, Murray CM. 2014.
Competing for space: female chimpanzees are more aggressive inside than outside their core

areas. Anim Behav (87):147-152.

Murray CM, Sandeep VM, Pusey AE. 2007. Dominance rank influences female space use in

wild chimpanzees: towards an ideal despotic distribution. Anim Behav 74:1795-1804.

Nunes A. 1995. Foraging and ranging patterns in white-bellied spider monkeys. Folia Primatol

65:85-99.

Nishida T, Hiraiwa-Hasegawa M. 1987. Chimpanzees and bonobos: Cooperative relationships
among males. In: Smuts BB, Cheney DL, Seyfarth RM, Wrangham RW, Struhsaker TT,

editors. Primate societies. Chicago: University of Chicago Press. p. 165-77.

Pellerin M, Calenge C, Said S, et al. 2010. Habitat use by female western roe deer (Capreolus
capreolus): influence of resource availability on habitat selection in two contrasting years.

Can J Zool 88(11):1052-1062.


http://www.researchgate.net/researcher/2003409610_M_Pellerin/
http://www.researchgate.net/researcher/2003344888_C_Calenge/
http://www.researchgate.net/researcher/13953053_S_Said/
http://www.researchgate.net/journal/0008-4301_Canadian_Journal_of_Zoology

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

Asensio 24

Powell RA. 2000. Animal home-ranges and territories and home-range estimators. In: Boitani L,

Fuller TK, editors. Newy York: Columbia University Press, p. 65-110.

Ramos-Fernandez G. 2005. Vocal communication in a fission—fusion society: do spider monkeys

stay in touch with close associates? Int J Primatol 26:1077-1092.

Ramos-Fernandez G, Smith Aguilar SE, Schaffner CM, Vick LG, Aureli F. 2013. Site Fidelity in
Space Use by Spider Monkeys (Ateles geoffroyi) in the Yucatan Peninsula, Mexico. PL0oS

ONE 8(5):¢62813.

Samuel MD, Pierce D, Garton EO. 1985. Identifying areas of concentrated use within the home-

range. J Anim Ecol 54:11-19.

Shimooka Y. 2005. Sexual differences in ranging of Ateles belzebuth belzebuth at La Macarena,

Colombia. Int J Primatol 26:385—406.

Shimooka Y, Campbell CJ, Di Fiore A, et al. 2008. Demography and group composition of
Ateles. In: Campbell CJ, editor. Spider monkeys: behavior, ecology and evolution of the

genus Ateles. Canbridge: Cambridge University Press. p 329-348

Smith AC, Buchanan-Smith HM, Suridge AK, Mundy NI. 2005. Factors affecting group spread
within wild mixed-species troops of saddleback and mustached tamarins. Int J Primatol 26(2):

337-355.

Spehar SN, Link A, Di Fiore A. 2010. Male and female range use in a group of white-bellied
spider monkeys (Ateles belzebuth) in Yasuni National Park, Ecuador. Am J Primatol 72:129—

141.



485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

Asensio 25

Sterck EHM, Watts DP, van Schaik CP. 1997. The evolution of female social relationships in

nonhuman primates. Behav Ecol Sociobiol 41:291-3009.

Stumpf RM. 2011. Chimpanzees and bonobos: inter- and intraspecific diversity. In: Campbell
CJ, Fuentes A, MacKinnon KC, Bearder SK, Stumpf RM, editors. Primates in perspective,

2nd ed. Oxford: Oxford University Press. p 340-356

Symington MM. 1990. Fission-fusion social organization in Ateles and Pan. Int J Primatol 11(1):

47-61.

Symington MM. 1988. Food competition and foraging party size in the black spider monkey

(Ateles paniscus chamek). Behaviour 105:117-134.

Symington MM. 1990. Fission-fusion social organization in Ateles and Pan. Int J Primatol 11:

47-61.

Tabachnick BG, Fidell LS. 2007. Using multivariate statistics, 5™ edition. Chicago:

Pearson/Allyn & Bacon.

Thompson RL, Chambers CL, McComb BC. 2009. Home range and habitat of western red-

backed voles in Oregon cascades. Northwes Sci 83:45-56.

Trivers RL. 1972. Parental investment and sexual selection. In: Campbell B, editor. Sexual

Selection and the Descent of Man. Chicago: Aldine. p 136-179.

van Roosmalen MGM. 1985. Habitat preferences, diet, feeding strategy, and social organization
of the black spider monkey (Ateles p. paniscus Linnaeus 1758) in Surinam. Acta amazonica

15:1-238.



505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

Asensio 26

Wallace RB. 2006. Seasonal variations in black-faced black spider monkey (Ateles chamek)
habitat use and ranging behavior in a southern Amazonian tropical forest. Am J Primatol

68:313-332.

Wallace RB. 2008. Towing the party line: territoriality, risky boundaries and male group size in

spider monkey fission-fusion societies. Am J Primatol 70: 271-281.

Wallace RB. 2008b. Factors influencing spider monkey habitat use and ranging patterns.
In: Campbell CJ, editor. Spider monkeys: behavior, ecology and evolution of the genus Ateles.

Cambridge: Cambridge University Press. p 138-154.

Warburton K, Lazarus J. 1991. Tendency-distance models of social cohesion in animal groups. J

Theor Biol 150(4):473-488

Willems EP, Hill RA. 2009. Predator-specific landscapes of fear and resource distribution:

effects on spatial range use. Ecology 90:546-555.

Williams JM, Pusey AE, Carlis JV, Farm BP, Goodall J. 2002. Female competition and male
territorial behaviour influence female chimpanzees’ ranging patterns. Anim Behav 63:347-

360.

Worton BJ. 1989. Kernel methods for estimating the utilization dirstibution in home-range

studies. Ecology 70: 164-168.

Wrangham RW. 1979. On sex differences in chimpanzee dispersion. In: Hamburg DA, McCown

ER. The great apes. Menlo Park, California: Benjamin/Cummings. P 480-489.



Asensio 27

525



Asensio 28

Figure legends

Table 1. GLMs used to explain core area quality with their corresponding AIC values.

Table 2. GLMs used to explain core area effectiveness with their corresponding AIC values.

Table 3. LMMs used to explain dyadic core area overlap with their corresponding AIC values.

Figure 1. Example of the relationship between location sample size and home range size for a

female with more than 3,000 location points.

Figure 2. The overlay of the 21 individual female core areas and known food tree locations
(marked by circles, which size represents the relative tree size according to its DBH). Different
colors from dark green (from only one female) to dark red (up to 20 females) illustrate the
gradient of overlap intensity among core areas. The outer dashed polygon represents the overlay

of the seasonal home ranges across the 4 years of the study (509ha; Asensio et al. 2012b).

Figure 3. Core area size as a function of the overlap intensity of the females’ core areas.

Figure 4. The sum of food tree DBH as a function of the overlap intensity of the females’ core

areas.

Figure 5. Depiction of the relationship between group tenure (in months) for the 21 females and
core area quality (expressed as the sum of food tree DBH in cm) and core area effectiveness
(expressed as the density of food trees per ha). The best fitting lines are presented for illustrative

purposes.

Figure 6. Depiction of the relationship between dyadic tenure (in months) and core area overlap

(%). The best fitting line is presented for illustrative purposes.
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Figure 7. Depiction of the relationship between dyadic association index and core area overlap

(%). The best fitting line is presented for illustrative purposes.

Figure 8. Depiction of the relationship between the sum of food tree DBH (in cm) and core area

overlap (%). The best fitting line is presented for illustrative purposes.



Table 1
Model AlIC
Tenure* 429
Tenure*, Distance to the group center 431
Distance to the group center 437

*p<0.05
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Table 2.
Model AlIC
Tenure* 41.9
Tenure*, Distance to the group
center 43.5
Distance to the group center 49

*p<0.05



Table 3.

Model AIC
Tenure*,Association index*,DBH*,Sum of core

areas* -362
Tenure*,Association index*,Sum of core areas* -360
Tenure*,Association index*,DBH* -328
Tenure*,Association index* -324
Tenure*,DBH*,Sum of core areas* -316
Association index*,DBH*,Sum of core areas* -313
Tenure*,Sum of core areas* -311
Association index*,DBH* -310
Tenure*, DBH* -279
DBH*,Sum of core areas* -272
Tenure* -263
DBH* -262
Association index*,Sum of core areas* -246
Sum of core areas* -240
Association index* -194

*p<0.05
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Fig 8
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