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Abstract

The red fox domestication experiment selected for tame responses toward humans,
establishing a behavioral syndrome (low fear, low aggression, high affiliativeness) here
termed "tameness syndrome." The self-domestication hypothesis assumes such human-
directed traits correlate with conspecific-directed traits, but this remains insufficiently
tested. I examined behavioral syndromes in 41 captive red foxes (Vulpes vulpes) aged
0-2 years at a tourist facility in Hokkaido, Japan. Using focal animal sampling from
2021 to 2023, behaviors toward tourists and conspecifics were recorded. Principal
component analyses extracted one component for human-directed behavior (PC1:
affiliativeness) and three for conspecific-directed behavior (PC1: aggressiveness—
tolerance, PC2: affiliativeness, PC3: fearfulness). A linear mixed-effects model revealed
that human-directed affiliativeness was positively associated only with conspecific-
directed affiliativeness, not with aggressiveness—tolerance or fearfulness. Human-
directed aggression was absent, likely because foxes were not cornered. These results
suggest that increased affiliativeness, rather than reduced aggression, is the primary trait
under selection in self-domestication. Furthermore, only conspecific-directed
affiliativeness was positively correlated with human-directed affiliativeness, suggesting
that affiliativeness toward both humans and conspecifics may be co-selected during
self-domestication, whereas reduced conspecific aggression or fear plays a minimal

role.

Introduction

Domestication syndrome (Sanchez-Villagra et al. 2016) is a set of correlated traits
commonly observed in domesticated animals such as dogs (Canis lupus familiaris), cats
(Felis silvestris catus), and cattle (Bos taurus). It includes shorter muzzles,
depigmentation, and increased tameness. The proximate mechanisms underlying these

traits are thought to involve endocrine and genetic systems, with a particular emphasis



on the role of neural crest cells (Wilkins et al. 2014; Francis 2015).

A well-known attempt to replicate the process of domestication was a long-term
experiment on red foxes (Vulpes vulpes) conducted in Russia (Belyaev 1978; Trut 1998,
1999; Trut et al. 2009). In this experiment, artificial selection was applied based on the
behavioral responses of juvenile foxes to a handling test in which an experimenter
attempted to touch the fox inside its cage. Individuals who fled or bit the experimenter
were classified as low tameness, whereas those who willingly approached and sought
contact were classified as high tameness. Foxes with higher tameness were selectively
bred for multiple generations. After approximately 50 years, nearly all descendants
exhibited dog-like tameness toward humans. These individuals also exhibited various
traits of the domestication syndrome, such as coat depigmentation, floppy ears, and a
curly tail. Although the original tameness assessments were relatively subjective and
qualitative, later studies introduced more objective and quantitative measures by
recording behavior across several stepwise situations (e.g., the experimenter standing
near the cage, opening the cage door, or attempting to touch the fox), and analyzing
these responses using principal component analysis (PCA; Vasil’eva and Trut 1990;
Kukekova et al. 2008). This analysis identified a behavioral syndrome characterized by
low fear (e.g., not avoiding the experimenter), low aggression (e.g., not displaying
agonistic behavior), and high affiliativeness (e.g., approaching and allowing contact), all
of which were loaded onto the first principal component. Hereafter, this set of
behavioral traits selected during the fox domestication experiment is referred to as
“tameness syndrome.”

Some researchers argue that the domestication syndrome is not limited to domestic
animals and has been observed in wild species. Because these animals were not
domesticated through artificial selection, it is thought that they acquired the
domestication syndrome through natural selection, a process referred to as self-

domestication (Hare and Woods 2020). For example, these authors believe that the



ancestors of domestic dogs had already acquired the domestication syndrome before any
artificial selection occurred, suggesting that reduced fear and aggression toward humans
were naturally selected before humans actively domesticated them by controlling their
reproduction (Hare et al. 2012; Hare 2017). Some authors have reported that bonobos
(Pan paniscus) also exhibit several traits of the domestication syndrome, such as lower
aggression, reduced cranial capacity, and depigmentation of the lips and tail tufts,
compared to their close relatives, chimpanzees (P. troglodytes). These features are
thought to have emerged as a result of natural selection against aggression toward
conspecifics (Hare et al. 2012). Furthermore, traits associated with the domestication
syndrome, such as scleral depigmentation and enhanced social cognition, have also been
identified in humans, leading to the hypothesis that humans may have undergone self-
domestication (Hare 2017; Wrangham 2019, 2021).

Several candidate behavioral traits have been proposed as potential targets of
natural selection in the process of self-domestication, and all appear to be inspired by
traits comprising the tameness syndrome, as artificially selected in the fox
domestication experiment. These traits include high prosociality and low aggression
(Hare 2018), increased social tolerance (Hare et al. 2012), reduced reactive aggression
(Wrangham 2018), and reduced fear and aggression (Hare and Tomasello 2005a, b).
Hare’s (2018) “prosociality” is nearly synonymous with what is referred to as
“affiliativeness” in the present study, whereas the “increased social tolerance” in Hare et
al. (2012) is treated as corresponding to reduced aggression. However, the self-
domestication hypothesis assumes that domestication syndromes can evolve when these
behavioral traits are selected in response to humans and conspecifics (Hare 2017; Hare
and Woods 2020; Wrangham 2021). Because the original concept of the tameness
syndrome only included behavioral traits toward humans, it can be regarded as an
expanded interpretation of the tameness syndrome.

Although the self-domestication hypothesis does not disregard the distinction



between human-directed and conspecific-directed social contexts, it assumes that the
behavioral traits comprising the tameness syndrome are correlated across these contexts
(Hare et al. 2012; Shilton et al. 2020). This assumption is critical: if trait A toward
humans does not correlate with the similar trait A’ toward conspecifics, one cannot say
that A" was selected through self-domestication process, despite similarity with A
toward humans. Superficially similar behavioral traits toward humans and conspecifics
are not necessarily interrelated. For example, wolves exhibit greater social tolerance
toward conspecifics than dogs, which are generally believed to be more tolerant toward
humans (Range et al. 2015; Dale et al. 2017; Marshall-Pescini et al. 2017), suggesting
that aggression toward humans and conspecifics may be independent traits (Range and
Marshall-Pescini 2022). In this scenario, evidence from dog domestication does not
support the argument that reduced aggression toward conspecifics is selected through
self-domestication.

Self-domestication is also thought to occur in urbanized wild animals (Hare et al.
2012; Hare 2017; Hare and Woods 2020); however, some studies on urban animals have
suggested that behavioral traits toward humans and conspecifics are not necessarily
correlated. Across various taxa, including birds, mammals, and reptiles, urban
populations generally show reduced fear (Mgller 2008; Samia et al. 2015; Uchida et al.
2019) and aggression toward humans (Meller and Ibafiez-Alamo 2012; Cavalli et al.
2016) compared to their rural counterparts. However, they often exhibit increased
aggression toward conspecifics (Coss et al. 2002; Lacy and Martins 2003; Evans et al.
2010; Davies and Sewall 2016). One possible explanation is that the reduced fear of
humans and increased aggression toward conspecifics form part of a behavioral
syndrome in urban populations (Sih et al. 2004a, b). In this case, self-domestication in
urban environments may favor increased conspecific aggression. Therefore, when
extending inferences regarding the targets of self-domestication beyond human-directed

traits to include conspecific-directed traits, it is essential to evaluate whether the



underlying behavioral syndrome supports these generalizations.

As noted earlier, red foxes acquire the domestication syndrome through artificial
selection for the tameness syndrome toward humans. Moreover, urban red foxes may
undergo self-domestication through natural selection for the same tameness syndrome
(Wrangham 2021). Supporting this idea, the cranial morphology of British urban red
foxes differs from that of rural red foxes in terms of parallel changes observed in the
domestication experiment (Parsons et al. 2020). Behaviorally, British urban red foxes
are bolder than their rural counterparts (Morton et al. 2023). Because the red fox has
been the subject of the domestication experiment, and may undergo self-domestication
in the wild, it can be considered an ideal model for investigating behavioral traits
selected during the process of self-domestication.

North Fox Farm (Kita-Kitsune Bokujo) is a tourist facility located in Kitami City,
Hokkaido, Japan. Established in 1983, the farm houses approximately 50 red foxes that
roam freely within an outdoor enclosure measuring approximately 3,500 m?. Foxes are
kept at high densities and frequently encounter humans, including tourists and staff
members. This setting resembles British urban environments, where red foxes live at
high densities and in close proximity to humans (Harris and Rayner 1986). Therefore,
the behavioral syndromes observed in the North Fox Farm population may serve as
useful analogs of those found in British urban red fox populations.

To examine behavioral syndrome, correlated traits across human- and conspecific-
directed contexts, which may have been under selection in the self-domestication of
urban red foxes, I conducted a two-step study of the North Fox Farm population. First, I
examined the behavioral traits of red foxes toward humans and conspecifics and tested
whether these traits exhibited correlations similar to those observed in the tameness
syndrome within human-directed and conspecific-directed contexts. Second, |
investigated whether behavioral traits toward humans and conspecifics were correlated

across these two social contexts, thereby forming a behavioral syndrome. Based on



these results, I evaluated the validity of the underlying assumption of the self-
domestication hypotheses that behavioral traits toward humans and conspecifics are

correlated.

Materials and methods
Study site

This study was conducted at North Fox Farm. As shown in Fig. 1, the enclosure is
surrounded by a fence and contains pathways running through grassy and earthen areas.
Red foxes and staff members were free to move throughout the enclosure, including
along the pathways, whereas tourists were restricted to designated paths and were not
permitted to enter other parts of the enclosure. Food is almost always available in
feeders placed within the enclosure, and foxes are free to eat. The foxes were kept in the
enclosure at all times, unless they were temporarily removed due to special
circumstances (e.g., illness). The enclosure also contains several hiding places, such as
spaces under feeders and holes dug into the ground, which are always accessible to the
foxes.

The population included individuals born on-site and those rescued from the wild
before two months of age. All red foxes are hand-reared by humans, and then juveniles
are housed and displayed in a “fox pup house” and are released into the main enclosure
around October or November (5—8 months of age). In the main enclosure, mating occurs

naturally without human intervention or artificial selection.

Study periods and subjects

The study was conducted over three separate periods: Period 1 from November 23,
2021 to January 8, 2022; Period 2 from December 9, 2022 to January 2, 2023; and
Period 3 from November 24 to December 17, 2023. As the aforementioned Russian

domestication experiment targeted 0-year-old red foxes, this study focused on young



individuals. During Period 1, 23 red foxes aged 0—2 years were observed; in Period 2,
16 individuals aged 0—1 year were observed; and in Period 3, 17 individuals were aged
0-1 year were observed (Table 1). Some individuals overlapped between periods: 0- and

1-year-olds in Periods 1 and 2 and Periods 2 and 3 included the same individuals.

Observation procedure

Behavioral observations were conducted using focal animal sampling (Altmann
1974) for 234.7 h, in the morning (09:00—12:00) and afternoon (13:00—16:00). The data
were recorded using datasheets and a video camera. Each focal individual was typically
observed for 30 min; however, observations were extended up to 52 min if they
occurred near the end of a session, to avoid idle times. If the focal individual was lost
from view for > 5 min (except when the animal was hidden, but its hiding place was
known), the observation was terminated. A new focal individual was then selected, and
the observation restarted from the beginning. When selecting a new focal individual,
preference was given to the animals with the fewest prior observation sessions in the
respective morning or afternoon period. Observations that lasted < 30 min owing to a
change in the focal individual were considered invalid and excluded from the analysis.

During each observation session, behavior was recorded in units of 2 min, referred
to as Observation Units (OUs). If the focal individual remained hidden for the entire
2-min period without emerging once, the OU was excluded from the dataset.

For each OU, I recorded whether tourists and conspecifics were present in the
enclosure, as well as six behavioral measures of the focal fox toward either tourists or
conspecifics: 10-m proximity (only with tourists), 2-m proximity, affiliative interaction,
attack, approach, and agonistic gape. Tourists’ presence was visually scanned at the
beginning of the OU, up to 100 m from the focal individual, the maximum distance at
which tourists could be reliably detected. Even when no tourists were detected in the

initial scan, I recorded their presence if the focal individual came within 10 m of any



tourist during the OU (new tourists entering the enclosure at more than this distance
might go unnoticed). The distances between the focal individual and tourists were
estimated using pre-measured reference points within the enclosure. The presence of
conspecifics was recorded according to the criteria used for the tourists. Six behavioral
measures of the focal fox (see Table 2 for definitions) were recorded for each OU using
a one—zero sampling method (Altmann 1974). I did not record 10-m proximity with
conspecifics because other foxes were almost always within 10 m of the focal fox;

therefore, it 1s unlikely to show individual variation.

Statistical analysis

To evaluate individual behavioral traits in reduced form, I conducted a PCA
separately on behavioral measures toward tourists and conspecifics. To examine
whether tourist-directed and conspecific-directed traits were related, a linear mixed-
effects model (LMM) was used to test the relationship between the respective principal
component scores. All analyses were conducted using R version 4.4.1 (R Core Team

2024).

Assessment of behavioral traits via PCA

I conducted a PCA using the proportion of OUs in which a behavioral measure was
observed relative to the total number of OUs in which tourists or conspecifics were
present. When the data for the same individual were available for different years, each
year’s data were treated independently. Some individuals were not frequently observed
when tourists were present (< 15 OUs). In such cases, human-directed behavioral
measures of these individuals were excluded from the analyses to avoid over- or
underestimation of proportions. The number of components was determined using the
Kaiser criterion (eigenvalues > 1). Separate PCAs were conducted for tourist- and

conspecific-directed behavioral measures using the principal function from the psych



package (William 2025). All input data were standardized prior to analysis and PCA

was performed on the correlation matrix with varimax rotation.

Comparison of human- and conspecific-directed behavioral traits

LMM analysis was conducted using the Imer function in the Ime4 package (Bates et
al. 2015). The response variable was the PC1 score from the PCA of tourist-directed
behavioral measures, and the fixed effects included the three principal component
scores (PC1-PC3) from the PCA of conspecific-directed behavioral measures: age (0, 1,
or 2 years), sex, origin (farm or wild), and study period (1, 2, or 3). The individual ID
was included as a random effect. To improve the normality and homoscedasticity of the
model’s residuals, a standardized Yeo—Johnson transformation was applied to the
response variable using the bestNormalize package (Peterson 2021). The significance of
the fixed effects was assessed using likelihood ratio tests with the ANOVA function
from the car package (Fox and Weisberg 2019). Model assumptions were checked,
including underdispersion, overdispersion, and zero inflation, using the
simulateResiduals function in the DHARMa package (Hartig 2022), and no violations
were found. Multicollinearity was assessed using the check collinearity function of the
performance package (Liidecke et al. 2021), and all variance inflation factors were < 5.

Figures were generated using ggeffects (Liidecke 2018) and ggplot2 (Wickham 2016).

Results
PCA of tourist-directed behavioral measures

Tourists were present in 0.57 = 0.16 (mean = SD) of all OUs. The mean + SD of the
proportion of OUs in which tourist-directed behavioral measures were observed,
relative to the total number of OUs in which tourists were present, was as follows: 10-m
proximity = 0.51 + 0.24, 2-m proximity = 0.10 + 0.11, affiliative interaction = 0.01 +

0.03, and approach = 0.03 + 0.05 (Fig. 2). Attacks and agonistic gapes did not occur at
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all (thus excluded from the PCA).
PCA yielded PC1 with an eigenvalue of 2.69, accounting for 67.3% of the total
variance. As shown in Table 3, all behavioral measures load positively on PC1, which

indicates a higher level of human-directed affiliativeness.

PCA of conspecific-directed behavioral measures

Conspecifics were present in all the OUs. The mean + SD proportion of OUs in
which conspecific-directed behavioral measures were observed was as follows: 2-m
proximity = 0.63 £ 0.16, affiliative interaction = 0.19 = 0.13, attack = 0.01 = 0.02,
approach = 0.07 + 0.05, and agonistic gape = 0.03 + 0.03 (Fig. 3).

PCA vyielded three components with eigenvalues of 1.91, 1.25, and 1.02. Together,
these components accounted for 83.8% of the total variance. The component loadings
are listed in Table 4. On PC1, 2-m proximity and affiliative interaction loaded
negatively, whereas attack loaded positively. Therefore, PC1 was interpreted as
reflecting conspecific-directed aggressiveness—tolerance. PC2 showed positive loadings
for affiliative interaction and approach, and was interpreted as reflecting conspecific-
directed affiliativeness. PC3 showed a positive loading only for agonistic gape. Because
this component was not correlated with PC1, which represented conspecific-directed
aggressiveness—tolerance, most instances of agonistic gape observed in this study were
likely related to submission or defensive aggression, rather than offensive aggression
(Fox 1975; Hovland et al. 2006). Therefore, PC3 represented a higher level of

fearfulness toward conspecifics.

Relationship between behavioral traits toward humans and conspecifics
The conspecific-directed PC2 score was significantly positively associated with the
human-directed PC1 score (Table 5, Fig. 4B). In contrast, no other explanatory

variables, including conspecific-directed PC1 and PC3 scores, showed a significant
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association with the human-directed PC1 score (Table 5, Fig. 4A-2C).

Discussion
Behavioral traits toward humans

In the present study, only increased aftiliativeness was extracted from the
behavioral traits constituting the tameness syndrome identified in the domestication
experiment (Belyaev 1978; Trut 1998, 1999; Trut et al. 2009). Other traits, such as
reduced fear or aggression toward humans, were not detected. This likely reflects
substantial differences between the settings of this study and those of the domestication
experiment. In the domestication experiment, red foxes were tested in small cages
where humans approached or attempted to touch them, prompting the animals to retreat
or respond with aggression (Vasil’eva and Trut 1990; Kukekova et al. 2008). In contrast,
escape behavior was observed in the present study, but was not considered a reliable
behavioral measure. This was because, at the study site, tourists remained on designated
pathways, and foxes located away from the paths were able to maintain a sufficient
distance without needing to flee. Therefore, although the level of fear of humans was
not reflected in the frequency of escape, it may have been reflected in the reduced
proximity to humans within 10 m or 2 m. Thus, the principal component representing
increased affiliativeness may also partially reflect the reduced fear of humans. Although
attack and agonistic gape toward humans were included as behavioral measures, neither
were observed. In general, wild animals tend to flee when humans approach them
within a certain distance; however, when escape becomes impossible, they may shift to
defensive aggression (Hediger 1950). Because the foxes in this study were not placed in
situations where they were cornered by humans, as in the domestication experiment,
neither attacks nor agonistic gapes may have occurred.

These findings suggest that the tameness syndrome observed in the domestication

experiment may have been elicited by specific and artificial testing conditions. Urban
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environments, where red foxes are thought to be undergoing self-domestication,
resemble the setting of this study more closely than the domestication experiment,
particularly because red foxes are able to maintain a distance from humans.
Accordingly, in urban settings, attacks or agonistic gapes toward humans are unlikely to
occur frequently and reduced aggression toward humans is probably not a direct target
of natural selection. Indeed, attacks by red foxes on humans in British urban areas have
been described as rare chance events, and their biting and scratching have been
characterized as attempts to investigate unfamiliar objects, not aggression (Bridge and
Harris 2020). Conversely, the affiliativeness toward humans observed at the study site
may have been influenced by hand rearing; thus, it cannot be concluded that urban red
foxes would exhibit similar levels of affiliativeness. Nevertheless, it is possible that
urban red foxes engage in affiliative interactions with humans. Even among wild
individuals, some red foxes appear to voluntarily approach people, possibly because of
their boldness and curiosity (Bridge and Harris 2020, Yoshimura, personal observation),
and there have been reports of red foxes in tourist spots begging for food from visitors
(Tsukada 1997). Moreover, the presence of individuals at the study site that exhibited
low affiliativeness and likely a high fear of humans suggests that some foxes, even
when hand-reared, may not sufficiently develop affiliativeness toward humans. Such
individuals are likely to be unable to establish themselves in urban environments.
Therefore, although highly and poorly affiliative individuals were housed within the
same enclosure at the study site, it is likely that only highly affiliative (or less fearful)
individuals are able to inhabit urban settings. This supports the idea that the behavioral
traits directly selected during red fox self-domestication may be limited to increased
affiliativeness and, to some extent, reduced fear of humans, rather than reduced

aggression.

Behavioral traits toward conspecifics
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In this study, the behavioral traits of red foxes toward conspecifics were evaluated
along three principal components: aggression—tolerance, affiliativeness, and fearfulness.
The self-domestication hypothesis assumes that traits comprising the tameness
syndrome are also correlated in contexts involving conspecifics. For example, some
formulations describe the target of selection as a combination of “high prosociality and
low aggression” (Hare 2018) or “reduced fear and aggression” (Hare and Tomasello
2005a, b). However, in the red foxes at the study site, these traits were independent of
one another. This pattern is also likely to apply to urban red foxes. One possible
explanation is that, although tourists were strangers to the red foxes, conspecifics were
familiar with established social relationships, enabling the foxes to adjust their behavior

depending on the interaction partner.

Relationship between behavioral traits toward humans and conspecifics

In the present study, affiliativeness toward humans in red foxes was positively
associated with affiliativeness toward conspecifics. However, affiliativeness toward
humans was not significantly associated with aggression—tolerance or fearfulness
toward conspecifics. These findings suggest that, in urban red foxes inhabiting
environments similar to the study site, high affiliativeness may form a behavioral
syndrome across contexts involving humans and conspecifics. As noted above,
behavioral traits directly selected in the process of red fox self-domestication may
include affiliativeness and, to some extent, reduced fear of humans. The behavioral trait
potentially co-selected with them is likely to be affiliativeness toward conspecifics
rather than aggression—tolerance or fearfulness toward conspecifics.

These results may appear inconsistent with previous findings that urban animals
generally show reduced fear of humans and increased aggression toward conspecifics
compared to their rural counterparts. However, the absence of behavioral correlations

within the red fox population in this study does not necessarily imply that such
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correlations are absent across the species as a whole. For example, in song sparrows
(Melospiza melodia), a species whose behavioral responses to urbanization have been
well studied, fear of humans and aggression toward conspecifics were positively
correlated when urban and rural populations were analyzed together, but not within
urban populations alone (Evans et al. 2010; Scales et al. 2011; Myers and Hyman 2016).
These reports are consistent with the results of this study, which was conducted in an

environment resembling an urban setting.

Examination of the assumption of behavioral correlations between human- and
conspecific-directed traits in the self-domestication hypothesis

The present findings suggest that in the self-domestication of urban red foxes, a
behavioral syndrome comprising affiliativeness toward both humans and conspecifics
may be under selection. If this interpretation is extrapolated to the self-domestication
hypothesis, conspecific-directed behavioral traits subject to natural selection may not
include low aggression (Hare 2018), increased social tolerance (Hare et al. 2012),
reduced reactive aggression (Wrangham 2018), or reduced fear and aggression (Hare
and Tomasello 2005a, b). In contrast, high prosociality toward conspecifics (Hare 2018),
which closely resembles the affiliativeness toward conspecifics extracted in the present
study, may be a more plausible candidate.

However, caution should be exercised when generalizing this interpretation.
Behavioral syndromes include behavioral correlations governed by common proximate
mechanisms, which are difficult to decouple and may act as evolutionary constraints,
and correlations governed by independent mechanisms, which can be easily decoupled
through adaptation (Sih et al. 2004a). The self-domestication hypothesis assumes that
domestication syndromes across species arise through the selection of traits governed by
common mechanisms. Accordingly, the behavioral syndromes favored during self-

domestication must consist of correlations that function as evolutionary constraints.
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Nevertheless, in this red fox population, the observed affiliativeness toward humans
and conspecifics could merely reflect a site-specific statistical correlation, with these
traits governed by independent mechanisms. To support the above extrapolation, it is
important to examine whether the same behavioral syndrome, comprising affiliativeness
toward both humans and conspecifics, can be found in other populations or species, and
whether this syndrome is underpinned by common endocrine or genetic mechanisms.

To date, the self-domestication hypothesis has focused on the emergence of diverse
phenotypes, collectively referred to as the domestication syndrome. However, little
attention has been paid to the behavioral syndromes, which are the targets of selection.
To generalize the self-domestication hypothesis and demonstrate that self-domestication
involves selection on human- and conspecific-directed behavioral traits, identifying the
specific behavioral syndromes subject to selection is essential. Therefore, future
research should aim to link behavioral syndromes under selection with the resulting

domestication syndrome.
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Table 1. Number of focal individuals by age and sex in each study period

Numbers in parentheses indicate individuals of wild origin.

Age Sex Period 1 Period 2 Period 3
0 male 4 (1) 5(5) 4(1)
female 6 (1) 4(3) 512)
1 male 2(2) 3(0) 5(5)
female 50) 4 (0) 3(2)
2 male 2(0) — —
female 4(2) — —
Total 23 (9) 16 (8) 17 (10)
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Table 2. Behavioral measures toward tourists or conspecifics

Behavioral measure

Definition

Proximity
10-m proximity
2-m proximity
Behavior

Affiliative

interaction

Attack

Approach

Agonistic gape

The focal individual entered within 10 m of a tourist.
The focal individual entered within 2 m of a tourist or

conspecific (with a vertical difference of no more than 0.5 m).

The focal individual and a tourist or conspecific make
physical contact (within approximately 0.1 m) or engage in
social play (chasing or wrestling). Interactions accompanied
by aggressive signals, resting side by side without movement,
or clearly incidental passings are excluded.

The focal individual charges at or leaps at a tourist or
conspecific within 2 m, or approaches them with ears
flattened, fur erect, and body arched. Attacks occurring during
or within 5 s after a fight (mutual exchange of intense
aggression) were not recorded, as the direction of aggression
was difficult to determine.

The focal individual directly moves toward a tourist or
conspecific located 2—10 m away while facing them.
Approaches occurring during or within 5 s after a fight or
social play were not recorded, as the direction of movement
was difficult to determine.

The focal individual opens its mouth widely toward a tourist
or conspecific within 2 m while flattening its ears. Mouth
opening associated with social play (“play face”) or reflexive

gaping when turning the head was excluded.
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Table 3. Principal component loadings for behavioral measures toward tourists

PCl1
10-m proximity 0.61
2-m proximity 0.85

Affiliative interaction 0.88

Approach 0.90

Table 4. Principal component loadings for behavioral measures toward conspecifics

PC1 PC2 PC3
2-m proximity -0.78 0.28 0.16
Affiliative interaction ~ —0.53 0.75 0.00
Attack 0.83 0.22 0.26
Approach 0.13 0.93 -0.10
Agonistic gape 0.04 —0.09 0.97
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Table 5. Result of the linear mixed model examining the relationship between
behavioral traits toward humans and conspecifics: estimates, standard errors (SE), 95%
confidence intervals (CIs), x > values, P-values

Parameter Estimate SE 95% ClIs 1 P
(Intercept) —0.03 0.30 —0.63 £0.57
PC1 —0.03 0.18 —0.40 £ 0.34 0.03 0.864
PC2 0.44 0.15 0.14+£0.74 8.61 0.003 ok
PC3 0.04 0.13 —0.23 £0.30 0.08 0.778
Age (1) 0.00 0.24 —0.50 £ 0.49

0.09 0.958
Age (2) —0.16 0.57 -1.30+0.98
Sex (male) —0.01 0.33 —0.67 £0.65 0.00 0.977
Origin (Wild) 0.06 0.33 —0.60 £ 0.72 0.04 0.844
Period (2) —0.14 0.25 —0.63 £0.36

0.48 0.786
Period (3) 0.00 0.40 —0.80 £ 0.80

Asterisks indicate * P < 0.05, ** P<0.01, *** P <0.001.
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Fig. 1. Layout of the outdoor enclosure at North Fox Farm

The outer boundary is enclosed by a fence. Shaded and unshaded areas represent grassy

or earthen ground and pathways, respectively.
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Each box indicates the interquartile range (IQR), the horizontal line inside the box marks

the median, and the vertical bars (whiskers) extend to the most extreme data point within
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Fig. 4. Relationships between conspecific-directed PC1-3 scores and human-directed PC1 scores
Solid lines and shaded areas indicate model estimates and 95% confidence intervals, respectively.
Four individuals with < 15 OUs in which tourists were present were excluded from the analysis.
Human-directed PC1 scores were standardized using the Yeo—Johnson transformation.
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