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Abstract

Behavioral freedom is becoming an increasingly important issue bridging ani-

mal welfare and conservation biology. This study focused on range size and

spatiotemporal variation in Western chimpanzees, creating a novel index for

behavioral freedom. Direct observations were conducted on a group of seven

free-ranging chimpanzees in Bossou, Guinea, during 10-hr observation periods

over 10 days, and on a group of five captive individuals at the Kumamoto

Sanctuary during 7-hr observation periods over 7 days. Bossou chimpanzees

showed dynamic ranging patterns; their range size was larger, and their day

and time-of-day ranges did not generally overlap. Additionally, the average

time-of-day range was 5.2 times greater than the day range. In contrast, sanc-

tuary chimpanzees showed a static ranging pattern, with a smaller range size

and a time-of-day range to day range ratio of 1.0. Therefore, the time-of-day

range to day range ratio is a suitable quantitative index of behavioral freedom

in chimpanzees.
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1 | INTRODUCTION

Behavioral freedom, defined operationally here as the
extent of choice and behavioral change for coping with
challenges over time and space in daily life (Broom,
2001), is the subject of considerable debate over conflict
between humans and non-human animals (hereafter
“animals”) in captivity as an animal-welfare issue
(Broom, 2011; Hosey, Melfi, & Pankhurst, 2009). Under
care and management by caretakers, which aim to pro-
mote the well-being of captive animals, animals rarely
have control over access to space, temperature and
humidity conditions, food, conspecifics, and other
resources, in daily life. In contrast, wild animals compete

for space, food, and various other resources with humans
over different spatiotemporal scales. Linear infrastruc-
tures such as highways, power lines, and gas lines have
created habitat fragmentation and loss (Crooks et al.,
2017). By accelerating habitat degradation, these anthro-
pogenic impacts are highly related to extinction risk,
especially in terrestrial mammals (Wilson et al., 2016).
Human presence can also significantly affect the distribu-
tion and/or behavior of wild animals in their natural hab-
itat (e.g., bears: Olson, Gilbert, & Squibb, 1997, Rode,
Farley, & Robbins, 2006; elk: Whittaker & Knight, 1998;
howler monkeys: Grossberg, Treves, & Naughton-Treves,
2003; and gibbons: Reisland & Lambert, 2016). Thus,
anthropogenic disturbances confronting wild animals
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can also be detrimental to the degree of behavioral free-
dom in the wild.

Additionally, recent increases in the number of wildlife
rehabilitation and reintroduction projects imply that
behavioral freedom is becoming a new issue bridging
animal-welfare science and conservation biology (Fraser,
2010; Paquet & Darimont, 2010). Rehabilitation and
reintroduction projects subject animals first to a captive
life according to welfare considerations and then to a natu-
ral life under conservation protection (Bradshaw, Schore,
Brown, Poole, & Moss, 2005; Humle, Colin, Laurans, &
Raballand, 2011; Teixeira, De Azevedo, Mendl, Cipreste, &
Young, 2007). The success of reintroduction programs is
linked to free-range survival and reproduction, which, in
turn, are subject to the quality of the captive environment
where animals engage in problem-solving via cognitive
competences, such as physical or spatial cognition, mem-
ory, planning, manipulating objects and tools, and cooper-
ative or competitive social interactions. Most captive
facilities for wild animals, including zoos, sanctuaries, and
laboratories, have been mainly designed for complete life
care. Exploring the behavioral freedom of wild animals in
captivity could offer in-depth insights into their behavior
and potentially increase their rehabilitation and
reintroduction; however, only few studies have been con-
ducted on this subject.

Generally, animals restrict their movement to specific
areas that are much smaller than one might expect from
its observed mobility, although some animals can migrate
for thousands of kilometers (Börger, Dalziel, & Fryxell,
2008; White & Garrot, 1990). Ranging behavior repre-
sents a fundamental characteristic of wild animal move-
ment corresponding to the extent of choice and
behavioral change, which is a consequence of problem-
solving in numerous ecological processes, such as the dis-
tribution and abundance of fauna and flora (Gautestad &
Mysterud, 2005), habitat selection (Boyce et al., 2016),
and predator–prey dynamics (Fryxell, Mosser, Sinclair, &
Packer, 2007). Moreover, animal location based on its

movement can be described in the form of a matrix
(Figure 1(a)). The day range is one of the major charac-
teristics varying across species (Carbone, Cowlishaw,
Isaac, & Rowcliffe, 2005; Clutton-Brock & Harvey, 1977).
Understanding relative location distributions within a
day and across days facilitate the evaluation of the extent
of spatiotemporal variation in ranging behavior under
various conditions, for a broad range of species, by elimi-
nating the influence of the absolute value of range size in
a day. Few studies have focused on ranging behavior
from a behavior freedom perspective, while feeding, trav-
eling, playing, and abnormal behavior have been recog-
nized as candidates of behavioral freedom (Held &
Špinka, 2011; Hosey et al., 2009; Kagan, Carter, & Allard,
2015; Wickins-Dražilov�a, 2006).

Therefore, the present study focused on range size and
its spatiotemporal variation in Western chimpanzees (Pan
troglodytes verus). The aim was to create a novel index
using ranging behavior that represents behavioral freedom
under both free-ranging and captive conditions. Direct
observations from the wild and captivity were compared to
understand range size variation within and across observa-
tion days. The comparison was expected to illuminate dif-
ferences in behavioral freedom (as represented by ranging
patterns) between free-ranging and captive conditions.

2 | METHODS

2.1 | Study site and subjects

Pan troglodytes verus (Western Chimpanzee) is a critically
endangered species found only in West Africa (Humle,
Maisels, Oates, Plumptre, & Williamson, 2016; Kühl
et al., 2017). Most captive chimpanzees are Western
chimpanzees in zoos, sanctuaries, and institutions
around the globe (Morimura, Idani, & Matsuzawa, 2011),
which indicates that Western chimpanzees are one of the
species that is most influenced by anthropogenic

FIGURE 1 (a) A sample of matrix describing the animal range structure. In the sample, time range is calculated from the 1-hr animal

location data. The column represents a day range described from the time ranges within a day. The row represents a time-of-day range

described from the time ranges across days. The whole range is calculated based on the entire the matrix. (b) A schematic of animal range

structure corresponding to the matrix
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activities. Therefore, the study was conducted at a natural
habitat and at a captive facility for Western chimpanzees.

2.1.1 | Field study

Guinea provides a habitat for the largest population of
Western chimpanzees (Tweh et al., 2015). Free-ranging
chimpanzees in Bossou, Guinea, have coexisted with the
local Manon people for many generations (Matsuzawa,
Humle, & Sugiyama, 2011). The subjects of this study
were a group of seven chimpanzees, including two adult
males (21 and 37 years old), four adult females (estimated
to range from 21 to 62 years old), and one juvenile
(7 years old). Chimpanzees living in this region have a
home range of approximately 15–20 km2, with a core
area of approximately 6 km2 (Sugiyama, 1984). The land-
scape is composed of small hills (70–150 m high) covered
in primary and secondary forests, along with cultivated
areas (including orchards) and abandoned fields. Agricul-
ture is currently and was previously practiced within
reserve forests.

2.1.2 | Captive study

As of 2021, 301 captive chimpanzees (mostly P. t. verus)
reside in Japan, with 50 of them found in the Kumamoto
Sanctuary (KS), the first in the nation to be established
for retired laboratory chimpanzees (Morimura et al.,
2011). The subjects were a group of five individuals, com-
prising two subadult females (both 11 years old), one
adult male (24 years old), and three adult females (14–
23 years old). The individuals were housed in large social
cages. The outdoor compound consisted of a complex of
three cages with different areas: 69 m2 (W × D × H =
6.5 × 12.5 × 5.4 m), 81 m2 (W × D × H = 6.5 × 12.5 × 5.4
m), and 145 m2 (W × D × H = 8.0 × 16.0 × 5.4 m). Indoor
housing consisted of a complex of eight rooms of various
sizes, ranging from 3.6 m2 (W × D × H = 2.0 × 1.8 × 3.5
m) to 22 m2 (W × D × H = 7.5 × 3.0 × 3.5 m). The total
indoor area was 58 m2. In both the outdoor and indoor
cages, environmental enrichment comprised climbing
logs, used fire hoses, burlap hammocks, and several feed-
ing devices. Food and water were provided ad libitum.

2.2 | Data collection

From December 2018 to January 2019, daily location data
for the Bossou chimpanzees were collected between
07:00 and 18:00 with the help of five local research assis-
tants. Location data were collected using a GPS receiver

(GPS status & Toolbox ver. 9.2.192) for Android OS, with
an accuracy of less than 10 m. During travel, these data
were recorded once per minute. When chimpanzees split
into several parties, the largest party was followed to
acquire location data that represented the largest number
of individuals.

From August 12–21, 2019, a research assistant
(XC) at KS collected location data daily between 10:00
and 17:00, because chimpanzees stayed is specific sec-
tions of outdoor or indoor cages between 8:00–09:30
and 17:00–18:00 during cleaning routines. On the sixth
day, observations were limited to 11:00 to 16:00 (August
20, 2019). A 45-min observation session was repeated
seven times per day. Instantaneous sampling at 1-min
intervals and focal sampling were performed concur-
rently using a tablet PC with Surface Go (Microsoft
Co. Ltd., Redmond, Washington).

2.3 | Data analysis

2.3.1 | Range calculation

The observation data of free-ranging and captive chim-
panzee were modified to establish the 10-hr × 10-days
and 7-hr × 7-days datasets, respectively, for balancing the
observation effort in the range size calculations both
within a day and across days. Location (GPS) data col-
lected in Bossou were in both longitude–latitude and
Universal Transverse Mercator systems. Range sizes and
overlapping areas were calculated using a minimum con-
vex polygon (MCP) method from the adehabitatHR spa-
tial analysis package (Calenge, 2011) in R version 3.5.0
(R Development Core Team, 2018). Location data at KS
were X-Y coordinates representing the relative position
in pixels. After converting these values to meters, the
range size was calculated using the following formula:

1
2

Pn

J =1
xj−xj+1ð Þ× yj+ yj+1ð Þ

�
�
�
�

�
�
�
�. Overlapping area was cal-

culated using the “PBSmapping” R package (Schnute,
Boers, & Haigh, 2017). The “leaflet” R package (Cheng,
Karambelkar, & Xie, 2018) generated figures showing
GPS points at Bossou, which were then overlaid on the
Open Street Map.

2.3.2 | Structural analysis of ranges

Location data in both the wild and captivity were ana-
lyzed to calculate four types of ranges: whole, time, day,
and time-of-day (Figure 1b). The whole range was
described using all the location data by the MCP method.
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The time range was defined as the MCP range for each sin-
gle observation session in the wild (1 hr) and captivity
(45 min). The day range was calculated based on the sum
of the location data within a day. Time-of-day range was
defined as the MCP area covered for 1 hr across 10 days
(e.g., 7:00–8:00 every day for 10 days) in the wild and for
45 min across 7 days (e.g., 10:00–11:00 every day for 7 days)
in captivity.

2.4 | Statistics

Standardized observations of range size were compared
within and across days using Welch's two-sample t-tests.
All statistical tests were performed in R. Significance was
set at p < .05.

2.5 | Ethics statement

Field observations and research protocols were noninva-
sive, complied with the laws of Guinea, and were
approved by the Direction General de la Recherche
Scientifique et l'innovation Technologique (DGERSIT).
Animal husbandry and research protocols in KS were
approved by the Ethics Committee of the Wildlife
Research Center (WRC-2019-KS010A) and the Animal
Research Committee of the author's university.

3 | RESULTS

In Bossou, a total of 6,000 GPS points were collected to
reveal a range size of 2,450,066 m2 (Figure 2). The mean
range size from the 1 hr observation sessions from 7:00 to
18:00 was 9,982 ± 1,624 m2 (mean ± SEM). The average
day range after 10 hr/day was 304,371 ± 64,833 m2 across
the entire study period. The average time-of-day range
was 1,583,306 ± 168,542 m2. The time-of-day range was
greater than the day range (Welch's two-sample t-test; t =
−7.08, df = 11.6, p < .001). Additionally, the mean over-
lap area in the time range from 7:00 to 18:00 across
10 days (90 overlaps in total) was 336 ± 215 m2,
corresponding to 3.4% of the average time range. Over-
laps in the day (9 overlaps from 1st to 10th day) and
time-of-day ranges (9 overlaps from 7:00 to 16:00) were
50,495 ± 31,709 m2 and 1,483,440 ± 163,424 m2, respec-
tively. The values corresponded to 16.6 and 93.7% of the
average day and time-of-day ranges, respectively.

At KS, the overall range size was 295 m2, as obtained
from 10,800 location points. The mean range during
45 min was 182 ± 7 m2. The mean day range (from 7 hr
consecutive observation) was 279 ± 5 m2. The mean
time-of-day range (from the same time of day across mul-
tiple days for 7 hr) was 281 ± 4 m2. The time-of-day
range did not differ significantly from the day range
(Welch's two-sample t-test; t = −0.26, df = 11.8, p = .80).
Additionally, the mean overlap area (41 overlaps total)

FIGURE 2 Heatmap overlaid with

GPS locations of Bossou chimpanzees in

field observations. A plot indicates 300 m2

and corresponds to the whole range size

at the Kumamoto Sanctuary
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was 147 ± 8 m2, corresponding to 80.8% of the average.
Overlaps in the day and time-of-day ranges were 277 ± 2
and 267 ± 4 m2, respectively, corresponding to 99.3 and
95.0% of their respective averages.

When the day range was plotted against the time-of-
day range across multiple blocks of observation time for
Bossou and KS, the plots showed that the time-of-day
range increased more than the day range as the observa-
tion effort increased in the Bossou range (Figure 3a),
while the plots at KS stayed close to zero in all time
blocks (Figure 3b). The comparison illustrated that the
relationship between the two types of ranges varied con-
tinuously but was still sensitive to the environmental dif-
ference between captivity and the wild, regardless of
observation efforts. Under a comparable observation
effort (e.g., 7 hr blocks), the ratio of day range to time-of-
day range was 7.3 in Bossou and 1.0 at KS.

4 | DISCUSSION

To the best of our knowledge, this study is the first to
develop a scalable index for behavioral freedom.
Although the results of the study are promising, the pre-
sent study is preliminary because of limited observation
periods, sites, group size, and less systematic comparisons
in terms of climate and environmental conditions,
resource availability and its seasonal variation, popula-
tion structures, social relationships, and anthropogenic
impact, which can substantially influence the ranging
behavior of chimpanzees. The Bossou chimpanzees

showed a dynamic ranging pattern that was large and
rarely overlapped across three time frames (60 min,
1 days, and 1 hr over multiple days). The dynamics were
especially clear when comparing the time-of-day and day
ranges. On average, the time-of-day range was 5.2 times
greater than the day range at Bossou, suggesting that
chimpanzees in a larger habitat have multiple core areas
that they use intensively. In contrast, the KS chimpan-
zees showed a static ranging pattern with a smaller range
size that largely overlapped (>80%) across three time
frames (45 min, 1 days, and 1 hr over multiple days). This
pattern suggests that the KS chimpanzees stayed mostly
in the same limited area. The difference between the day
and time-of-day ranges under standardized observation
highlighted a distinctive difference between wild and
captive environments: the former allows for multiple core
areas, while the latter typically contains only one. A simi-
lar tendency is present in the day and home ranges of
79 primate species (Pearce, Carbone, Cowlishaw, & Isaac,
2013), namely the dynamic variation of day range within
home range, which support the findings of this study.

The results also showed that a higher ratio of time-of-
day range to day range, with limited overlap, indicates
that an individual has more options when choosing
where to be, which is beneficial after a negative event
caused by natural processes in ecological and climate
dynamics and human activity in logging, cultivation, and
other developments. This suggests that the degree of
behavioral freedom increases with large differences
between day and time-of-day ranges. This study also
demonstrated that the ratio of the time-of-day range to

FIGURE 3 (a) Correlation of day range and time-of-day range at Bossou and the Kumamoto Sanctuary (KS). “1 hr” refers to a plot of both
ranges calculated from 1 hr observation blocks. (b) Enlargement of 1-hr block in Bossou and 1-hr to 7-hr blocks at KS with a smaller size scale.

The plots at KS are mostly close to the dot-line of direct proportion between day and time-of-day ranges, regardless of observation efforts
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the day range is a valid quantitative index for rep-
resenting the behavioral freedom. The index is simple
enough to be applied to a variety of animal species in the
comparison of the spatiotemporal variation of animal
movement between different species, across different
environmental conditions for the same species, and dif-
ferent periods in a specific area for a certain species.

Considering the static ranging pattern at KS, such as
greater than 80% overlapped across three time frames, KS
chimpanzees had few spatial options for coping with neg-
ative events in their environment caused by different cli-
mate and ecological conditions from the natural habitat,
care management, or human presence (Figure 2b). These
findings enable the clear distinction of ranging patterns
between free-ranging and captive chimpanzees, namely
the differences in dynamic and static ranging patterns,
based on range size variation, regardless of the absolute
value of range size. In turn, a captive environment
could be developed that is qualitatively comparable to
the wild, where an animal has a larger time-of-day
range than day range. Animal-welfare efforts in captivity
could focus on the gap between day and time-of-day
ranges by providing living area rotations that create
multiple core regions, even if the overall living space is
limited. Zoo animals tend to stay in a single location
(Ross, Calcutt, Schapiro, & Hau, 2011), suggesting that
having one primary caretaking site may be responsible
for creating a single-core lifestyle. Environmental
enrichment practices for enhancing a multicore lifestyle
can lead to an increase in animal space use and activity
level (Lukas, Hoff, & Maple, 2003) and improve quality
of life with high controllability over the surrounding
environment. Rehabilitation centers could potentially
take inspiration from precision agriculture science, which
has already tackled the challenge of establishing a multi-
core lifestyle in captivity (Munksgaard, Rushen, De
Passillé, & Krohn, 2011). Preserving the number of cores
in a whole range, at least comparable to the current sta-
tus, is a potential goal in wildlife conservation, while a
comparable counting method for the core area in the ani-
mal range remains unknown. Further comprehensive
studies for a deeper understanding of behavioral freedom
in a variety of environments in chimpanzees and other
species can bring a significant benefit for promoting a
symbiotic existence between humans and wildlife.
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