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Dogs’ remarkable success in living in a human-dominated world rests on a set of
adaptations to cohabitation with humans. In this paper, I review the nature of these
adaptations. They include changes in reproductive and foraging behavior from their
ancestor species, wolves, which can be understood as adaptations to the change from
hunting live prey to feeding on human food residues. Dogs also show several changes in
social behavior which are more controversial and even somewhat paradoxical. Contrary
to theories of canine domestication which view dogs as less aggressive and more
cooperative than wolves, several studies show that dogs’ social interactions with
conspecifics are more hierarchical and competitive than are wolves’. As scavengers rather
than hunters, dogs do not need to cooperate with conspecifics the way that wolves do.
But how then can we understand dogs’ willingness to cooperate with humans? I propose
an integrated account of dogs’ social behavior that does not assume that dogs need to
recognize the species-identity of the individuals with whom they interact. Because of the
overlap in formal signals of dominance and submission between dog and human and
people’s complete control over the resources dogs need, I propose that people occupy
a status of “super-dominance” over dogs. This conception suggests several new lines of
research which could shed light on the human-dog relationship to the benefit of
both partners.
Keywords: domestication, symbiosis, dominance, social hierarchy, dogs (Canis lupus familiaris), wolves (Canis
lupus lupus)

INTRODUCTION
Dogs (Canis lupus familiaris) are by any measure exceptional beings. They are the most
widespread large mammal (after humans) on this planet. The total world population of dogs
is estimated to be around 800 million individuals (Hughes and Macdonald, 2013; Rowan,
2020), and dogs are present on every continent except Antarctica (there were dogs on Antarctica
too until they were banned in 1994: British Antarctic Survey, n.d.). Dogs are the most
phenotypically diverse mammal (Wayne, 1986) and were the first domesticated organism, arising
from wolves (Canis lupus lupus) over 15,000 years ago – millennia before any other animal
or plant was domesticated (Larson et al., 2012). Dogs live alongside people in a high state
of intimacy. For example, over 50% of adult women respondents to a survey in the United States
reported that they let their dogs sleep on their beds with them (Hoffman et al., 2018: it
should be noted that the participants were self-selected and unlikely to be representative of
the broader population; however, no better study is available). Some authors (e.g., Coppinger
and Coppinger, 2002) have argued that this level of intimacy is a recent phenomenon, but,
although the proportion of people living so intimately with dogs may have increased over the
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last two centuries (e.g., Ritvo, 1987), in a discussion of how
to keep dogs written by an Ancient Greek nearly two millennia
ago, the author advocates, “… it is best for (dogs) to sleep
with men:- as they become thereby affectionately attached—
pleased with the contact of the human body, and as fond of
their bedfellow as of their feeder.” [Arrian, 1831, pp. 93–94
(original second century CE)]. The archeological record provides
many forms of evidence that people and dogs have long lived
in close connection with each other (Sykes et al., 2020).
Clearly, the remarkable success of dogs is due in some
sense to their adaptations to human proximity. Dogs are
obligatory human symbionts (Coppinger and Coppinger, 2002).
That is to say, dogs are found living close by humans and
dependent on food sources they obtain from humans. In the
first world, this provisioning is mostly intentional: In the
developing world, the provisioning is more often unintentional
as when dogs scavenge on human refuse (Butler and du Toit,
2002; Coppinger and Coppinger, 2002). Few dogs survive entirely
by hunting live prey, and there is no evidence of populations
of dogs that are self-sustaining entirely by this method of
foraging (Coppinger and Feinstein, 2015; Dingoes would be the
one clear exception to this rule, if one considers dingoes to
be dogs: Smith et al., 2019, but see also Jackson et al., 2019).
The importance of adapting to human proximity may
be central to dog’s success in the human-dominated world,
but the essence of that successful adaptation remains a topic
of continuing debate and controversy in the literature. In this
paper, I will restrict my discussion to aspects of dog behavioral
adaptation to the human niche that are well established and
consider what conclusions can be drawn from these facts.

Chawla and Reece, 2002; Pal, 2008). Unlike in wolves, males
are continuously reproductively active (Gipson et al., 1975;
Haase, 2000; Lord et al., 2013).
Both wolf parents collaborate to raise their pups; pups which
may not leave their parents’ family group until the second
year of life (Rausch, 1967; Mech, 1981; Peterson et al., 1984).
By contrast, dog pups are nursed by their mother for 5 to
11 weeks (Martins, 1949, Scott and Fuller, 1974, Pal, 2001,
2008) and thereafter must survive on their own. There are
sporadic reports of fathers regurgitating for their young (Malm,
1995; Pal, 2005; Paul et al., 2014) as well as playing and
protecting them (Pal, 2005; Paul et al., 2014), but support
from the father or young of earlier litters does not appear to
be the norm (Martins, 1949; Mech and Boitani, 2003; Pal,
2008; Bonanni and Cafazzo, 2014). There are also reports of
allonursing by females denning together (Daniels and Bekoff,
1989; Pal, 2005; Paul et al., 2014), but group denning does
not appear to be widespread.

FORAGING BEHAVIOR
The quite distinct reproductive behaviors of wolves and
dogs are clearly adaptations to their different foraging niches
(Marshall-Pescini et al., 2017a). Wolves survive by hunting
live prey which is larger than they are and is highly motivated
not to become a wolf ’s dinner. This can only be achieved
by a close-knit group of individuals who have undergone
a form of apprenticeship which can take from 1 to 3 years
(Mech, 1981). Hunting for wolves is so complex that they
tend to specialize on a subset of available prey species and
interbreed preferentially among conspecifics who focus on
the same prey species (Pilot et al., 2012). Wolf hunting
success is dependent on group membership. For easier to
kill prey, such as elk (Cervus elaphus), hunting reaches an
optimum for groups of two to six wolves; for bison (Bison
bison), which are far more challenging prey, capture success
only levels off at groups sizes of 9 to 13 individuals
(MacNulty et al., 2014).
The primary form of foraging for dogs is scavenging. The
majority of the world’s dogs subsist on food remains discarded
by humans (Boitani and Ciucci, 1995; Butler and du Toit,
2002; Bhadra, 2014; Coppinger and Feinstein, 2015), and even
pet dogs fed directly by people are still technically scavenging
in so far as the food given them is primarily either surplus
to the human’s requirements or manufactured from “animal
by-products” which are portions of meat animals that people
prefer not to eat (What are animal by-products? n.d.). Dogs
are not typically successful hunters and there are few populations
of dogs which survive and maintain numbers entirely by hunting
(Coppinger and Feinstein, 2015). The scavenging niche does
not require the complex skillset that hunting live prey demands.
It hardly needs noting that extracting and consuming the
remnants of already deceased and butchered prey is a far
simpler procedure and does not usually benefit from the
coordinated action of a group of closely attached individuals.
Indeed, the presence of conspecifics leads to competition in

REPRODUCTIVE BEHAVIOR
Modern dogs have notably more fluid reproductive behavior
compared to their ancestors, wolves (Canis lupus lupus).
Where wolves form pair bonds which can be lifelong, do
not become reproductively active before the second year of
life, have a rigid breeding season, and produce no more
than one litter of pups per year (Rausch, 1967; Kleiman
and Eisenberg, 1973; Macdonald and Moehlman, 1982; Haase,
2000; Mech, 2002), dogs are already reproductively active
in their first year of life (Ghosh et al., 1984; Wandeler
et al., 1993; Boitani and Ciucci, 1995; Lord et al., 2013).
Female dogs may show preferences for certain mates and
are not technically promiscuous, but they usually have
multiple mating partners (Pal, 1999; Cafazzo et al., 2014).
There is at least one report of male dogs guarding their
mates through pregnancy and nursing (Pal, 2005), but in
general, dog fathers do not contribute to the support of
their mates or offspring (Lord et al., 2013 and references
therein). Female dogs reproduce on average every 7 months
throughout the year (Macdonald and Carr, 1995; Boitani
et al., 2007), though seasonality in response to resource
availability is possible, as in India, for example, where mating
occurs in winter so that pups are born in the late monsoon
season (Oppenheimer and Oppenheimer, 1975; Pal, 2001;
Frontiers in Psychology | www.frontiersin.org
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free-ranging dogs and they prefer to forage solitarily outside
the mating season (Sen Majumder et al., 2014).
Dogs’ foraging and reproductive behavior can be understood
as an interlocked suite of adaptations to a novel niche. Wolves
need to reproduce seasonally because their prey shows seasonal
availability. Dogs do not (typically) need to constrain themselves
to only reproduce at particular times of year because the
availability of their diet usually varies little by season. Wolves
need to form pair bonds and keep their young with them to
ensure their survival during the early months of life and then
to apprentice them in the complex task of hunting large live
prey. Their assistance is important in the success of the hunt
(Mech, 1981; MacNulty et al., 2014). Dogs, on the other hand,
can forgo pair bonding because their young require little
training. Around 8 weeks of age, pups start following their
mother to food sources and may also beg for food from people
(Macdonald and Carr, 1995; Pal, 2008; Lord et al., 2013). No
further parental support is offered. The more flexible reproductive
strategy of dogs enables them to respond to sudden changes
in resource availability such as when, for example, a new human
group moves into their territory, or the foraging success of
their host human population suddenly improves.

groups may offer protection (Bhattacharjee et al., 2020) and
larger groups may also be more successful at hunting (Butler
et al., 2004; Vanak and Gompper, 2009; Bhadra, 2014).
Although it should be noted that the studies cited here were
carried out by different researchers in very diverse parts of
the world and over a considerable time range – so that the
range of findings may be due to different methodologies –
nonetheless, there is suggestive evidence that dogs can adapt
their social structure to suit changing circumstances.

Hierarchical Social Organization

Hierarchical social structure is a common, but not inevitable,
concomitant of living in social groups (Immelmann and Beer,
1992; Dugatkin, 2020). The question of whether dogs live in
hierarchical social groups, with the relativities of status for
individuals which that implies, has become controversial in
recent years because of the misuse of the term “dominance”
by certain popular dog trainers, such as Millan and Peltier
(2007), Fincke (2004–2016), and the Monks of New Skete
(2002). These individuals use “dominance” as a cover for painful
and regressive forms of animal training (Yin, 2007; American
Veterinary Society of Animal Behavior, 2008; Bradshaw et al.,
2009; McGreevy et al., 2012). This controversy has little to
do with the use of “social dominance” in the strict ethological
sense (Immelmann and Beer, 1992). Dominance in ethology
is simply the tendency for certain individuals in a social group
to have at least partially consistent preferential access to limited
resources, such as shelter, food, and sexual partners (McFarland,
1987). Individuals with consistent access to constrained resources
are known as “dominant”: Those that consistently have less
access to resources are “subordinate.” Dominance hierarchies
may form a consistent rank ordering, in which case Greek
letters, alpha, beta, etc. are used to label individual positions
with the hierarchy. The concept of dominance includes the
enforcement of preferential access by aggression and agonistic
interactions, but ethologists now also recognize that social
hierarchies are commonly maintained by signals of superior
and inferior status known as formal dominance and subordination
signals (Peterson et al., 2002; Flack and de Waal, 2010). These
formal signals are not in themselves aggressive or threatening
but are understood by social interactors as indicating relative
status, i.e., dominant or submissive.
Groups of free-living dogs have been found to live in
social hierarchies in several studies including in Italy (Bonanni
et al., 2010; Cafazzo et al., 2010; Bonanni et al., 2017; Silk
et al., 2019), Spain (Font, 1987), and India (Pal et al., 1998;
Sen Majumder et al., 2014). Social hierarchies have also been
observed in owned dogs in the United States at a day care
center (Trisko and Smuts, 2015) and a dog park (Bauer and
Smuts, 2007). Furthermore, group-housed dogs studied in
the Netherlands were found to experience social hierarchies
(van der Borg et al., 2015).
The studies of free-living dogs in Italy found that dominant
individuals had higher copulatory access (Cafazzo et al., 2014)
and a higher likelihood of leading group movements than
lower-ranking individuals (Bonanni et al., 2010). Silk et al. (2019)

SOCIAL BEHAVIOR
Both reproductive and foraging behavior include interaction
with others and thus are forms of social behavior, but I now
proceed to consider other aspects of social behavior in dogs.
Like all social species, dog social behavior shows itself in
interaction with conspecifics, but, unlike most species, dogs
may also have important social interactions with members of
other species. I consider these separately.

Conspecific Behavior

The behavior of dogs toward others of their species does not
consistently indicate strong within-species bonds. Dog pups
show distress if forcibly separated from their mother (Fredericson,
1952; Pettijohn et al., 1977) but the only available investigation
of the impact of the separation of adult kennel mates did not
find any detectable impact on behavior or stress hormone
levels (Tuber et al., 1996).
In free-roaming dogs, a diversity of social patterns has
been found at different study sites around the world. Freeranging dogs have been reported to be solitary or dyadic
in studies from India: (Sen Majumder et al., 2014), Zimbabwe
(Butler et al., 2004), the United States (Beck, 1973; Rubin
and Beck, 1982; Berman and Dunbar, 1983, Daniels, 1983;
Daniels and Bekoff, 1989), and Ethiopia (Ortolani et al.,
2009). However, several studies have found dogs in groups
ranging from 6 to 28 individuals in India: (Sen Majumder
et al., 2014), Italy (Macdonald and Carr, 1995; Bonanni and
Cafazzo, 2014), and the United States (Beck, 1973; Gipson,
1983). It appears that the size of groups may depend on
the availability of food, the breeding status of females, and
the season (Sen Majumder et al., 2014). Living in larger
Frontiers in Psychology | www.frontiersin.org
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studying a group of 25 to 40 free-ranging dogs in a suburb
of Rome, identified that older and male animals were typically
dominant over younger female ones.
Two studies have identified formal dominance signals in
groups of dogs. Bauer and Smuts (2007) studied owned dogs
at a park and found that, even as the playing dogs reversed
many roles – including chasing and tackling – certain behaviors
remained stable in dyads. These including mounting, muzzle
biting, and licking – suggesting they were stable formal
dominance-status markers. van der Borg et al. (2015), studying
a group of 16 dogs living in kennels with outdoor group play
opportunities, noted two behavioral markers of formal
dominance: high posture and muzzle bite. Several behaviors
also functioned as formal markers of submission: body tail
wag, lowered posture, mouth lick, and pass under the head.
These authors analyzed the dominance structure of the dog
group as a whole and, using a scale developed in primate
research which categorizes social structures on a scale from
(1) despotic through (4) egalitarian (Flack and de Waal, 2010),
determined that the dogs scored around (2) tolerant. The dogs
showed a moderately steep social hierarchy with large
asymmetries in formal signal use and mild to moderate levels
of aggression.
Bradshaw et al. (2009) argued that dogs do not form social
hierarchies and presented data from a group of neutered males
in which, they argued, no overall social structure could
be observed. Notwithstanding this claim, the data presented
clearly showed that at least some of the dogs formed a linear
hierarchy of dominance status. Schilder et al. (2014), commenting
on these findings, suggested that a group of human-resourced,
sterilized, animals all of the same sex may have had no resources
to compete over and thus might not be expected to show
much overt social hierarchy.
Boitani and Ciucci (1995; see also Van Kerkhove, 2004;
Boitani et al., 2007) also suggested that dog groups lack clear
hierarchies because they observed multiple breeding individuals
– which would not be found in a wolf pack. However, Cafazzo
et al. (2010) noted that social hierarchies can still be present,
including preferential reproductive access, even if the overall
mating system of a group tends toward promiscuity.
Bradshaw et al. (2009) further raised the objection that
“dominance” is often mistakenly spoken of, particularly by
naïve dog trainers, as if it was a personality dimension – a
property of an individual rather than of the interactions
among individuals. Although it is true that dominance relations
are defined by interaction, it is also the case that the nature
of these interactions depends on certain relatively stable
qualities of the interacting individuals. It is surely noteworthy
that tests of dog personality or temperament currently in
use have identified traits relevant to dominance and submission
relationships. These include “submissiveness” (Jones and
Gosling, 2005); “leader/dominant” (Ákos et al., 2014); and
“boldness” (Svartberg et al., 2005).
The controversy over dominance in dogs is puzzling in so
far as it has been known for many years that similarly raised
groups of dogs show higher rates of conspecific aggression
and competition than wolves (Frank and Frank, 1982;
Frontiers in Psychology | www.frontiersin.org

Feddersen-Petersen, 1991, 2007). Feddersen-Petersen (2004)
even raised mixed groups of dogs (poodles) and wolves and
found that, at 4 months of age, male poodles outranked the
wolves in access to food and preferred locations.
More recent studies also show steeper social hierarchies
in dogs than in wolves. Dale et al. (2016) gave similarly
raised groups of dogs and wolves living in conspecific groups
a carcass to feed on. Where subordinate wolves were able
to feed to a similar level as their more dominant groupmates, dominant dogs monopolized the carcass at the expense
of subordinate group members. Range et al. (2015) offered
pairs of similarly raised dogs and wolves a food item that
was large enough to be shared, but small enough to
be monopolized by a dominant individual if it chose to do
so. In the wolves, the dominant individuals tolerated their
subordinate group-mates sharing food with them, whereas
in dogs the dominant animals did not allow subordinate
individuals to eat and subordinates did not even dare approach
the food source.

Cooperation and Competition

In addition to their steep social hierarchies, dogs also show
elevated levels of competition and have difficulty cooperating
with conspecifics to solve tasks. Marshall-Pescini et al.
(2017b) gave pairs of dogs and wolves from similarly raised
groups a task in which the two animals had to pull on
strings simultaneously for either of them to obtain a reward.
Wolves were successful on the task but none of the dogs
achieved any level of success. Ostojić and Clayton (2014)
were able to demonstrate some success in dogs on this
task by extensively pre-training the dogs. However, the dogs
they tested were pets living together in human households
where human intervention may have imposed levels of
tolerance that the dogs left to themselves might not have
developed (Marshall-Pescini et al., 2017b).
Bräuer et al. (2013, 2020) claimed to have demonstrated
cooperation in pairs of pet dogs on a task where the dogs
had to pass through one of two gateways in a barrier. However,
this task is not a clear test of cooperation because each
gateway was not wide enough or open long enough to permit
two dogs to pass. Consequently, the dogs had to separate to
pass through the gateways: One individual always had to
wait for the other to pass through before its own gateway
would open. Thus, the success of dogs on this task is in
fact evidence of their reluctance to cooperate – in the strong
sense of come together to work on a task together – rather
than the opposite.
Although it may run against expectations based on
interaction with household pets, there is abundant evidence
in the scientific literature that dog groups can be very
hierarchical, and dogs may be highly competitive and reluctant
to share resources. Marshall-Pescini et al. (2017a) pointed
out that, relative to their ancestors, wolves, dogs have less
need to cooperate in their foraging and also cooperate less
in raising young. Wolves have an essential need to cooperate
with group members in order to kill the prey on which
4
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they feed. Furthermore, the outcome of a successful hunt
is usually more than an individual wolf can consume.
Consequently, wolves have many motivations to cooperate
in foraging and sharing the results of their kill. These factors
that motivate cooperation in wolves have limited applicability
for dogs who have less need either to cooperate in obtaining
food or to share the results of their foraging.
Overall, there is plentiful evidence that the social structure
of dogs is both more flexible than that of wolves, with groups
varying in size from solitary individuals to more than two
dozen, but also shows signs of more extreme social hierarchy.
This flexibility of social group size presumably reflects the
diversity of food sources and dangers that dogs face in different
parts of the world (as well, possibly, as different study methods).
The steeper social hierarchy found in dogs than wolves is
more surprising and even counter-intuitive but may also
be related to dogs’ foraging strategy where cooperation is
seldom needed, often counter-productive, and may have been
selected against. To date, there do not appear to be any studies
on the genetic relatedness of individuals within dog groups
that might address the possibility of kin selection for altruistic
and cooperative behavior.

adapted measures that are commonly used to study intimate
relationships in human psychology to the study of dog-human
relationships. Several studies have used a modification of a
procedure commonly used to measure the strength of attachment
between a child and his or her primary caregiver (usually the
mother) – the strange situation procedure (SSP) developed by
Ainsworth et al. (1970). In this test, a child is brought into
an unfamiliar room with his mother. The child is briefly left
in the room with a stranger; the mother returns, comforts
the child and then leaves with the stranger so the child is
briefly completely alone. Finally, the stranger returns, followed
by the mother. Attachment is categorized on the basis of how
the child reacts to being left alone and with the stranger and
how he responds to being reunited with his mother (Ainsworth
et al., 1978). Securely attached children are those who are
happy to explore in their mother’s presence and are distressed
by her disappearance but show a willingness to be comforted
quickly on her return.
Several studies, starting with Topál et al. (1998), have shown
that many dogs tested in the SSP with their primary caregivers
show secure attachment toward the humans they live with
(e.g., Topál et al., 1998; Rehn et al., 2013; Thielke and Udell,
2019, 2020; Wanser and Udell, 2019; Wanser et al., 2020).
Two additional observations in the SSP raise questions about
how to understand this finding, however. First, Gácsi et al.
(2001) found that dogs living in an animal shelter tested in
the SSP with a person they had only interacted with three
times for 10 minutes per session showed clear signs of attachment
toward that person. Second, the only study that tested dogs
in the SSP with another dog from the same household as
“caregiver” (Mariti et al., 2014) found few signs of distress
when the target dog was separated from its companion, and
these dogs were, in fact, less stressed when left alone with an
unfamiliar person than when they were in the company of
the other dog.
A handful of studies have investigated hand-reared wolves’
reactions to separation and reunion with familiar humans in
the SSP. Topál et al. (2005) tested a group of hand-reared
wolves at 16 weeks of age alongside a group of pet dogs of
the same age. These authors found no signs of attachment to
human caregivers in the wolves. In contrast, when Hall et al.
(2015) tested hand-reared wolf pups at 3, 5, and 7 weeks of
age, they found clearly differentiated responses to caregivers
compared to strangers and strong responses to the reunion
after separation, leading them to conclude that their wolf pups
were securely attached to the caregivers. This pattern of results
might suggest that hand-reared wolf pups show attachment
to caregivers that fades as they grow older; however, Lenkei
et al. (2020) tested adult wolves in the SSP and found secure
attachment to human caregivers. Hall et al. (2015) suggested
that Topál et al. (2005)’s failure to find secure attachment
might have been due to the fact that the animals they tested
were permanently removed from human homes between 2
and 4 months of age.
Taken together, the findings from hand-reared wolf pups
and dogs tested in the SSP suggest that dogs may form secure
attachments to human caregivers, but more rapidly than would

Heterospecific Behavior

Dogs not only have social interactions with their own species
but also can form social groups with members of other species
including, most particularly, human beings.

Flight Distance

One simple behavioral measure of dogs’ tolerance for human
proximity is assayed as flight distance – the linear distance at
which an individual flees from a gradually approaching human.
Dogs reduced flight distance compared to wolves is surely a
major component of their adaptation to living in proximity
to humans and scavenging on human food remnants. For
animals foraging on human trash dumps, flight distance to
the approach of humans will be a key determinant of their
extractive effectiveness.
Flight distance is defined as the distance from an intruder
at which an individual flees (Immelmann and Beer, 1992).
Wolves scavenging on human refuse in Scandinavia have been
observed to have a flight distance to the human approach of
around 200 m (Karlsson et al., 2007). Estimates of flight distance
in dogs are quite varied, but all are considerably shorter than
this estimate for wolves. Bonanni and Cafazzo (2014) reported
flight distances of 20–50 m in free-ranging dogs in Rome,
Italy. Ortolani et al. (2009) reported flight distances of around
5 m in free-ranging dogs around villages in rural Ethiopia.
Although no formal data appear to be available, everyday
experience indicates that the flight distances of pet dogs living
in human homes are less than 1 m – if the concept of flight
distance can be applied to these animals at all.

Attachment to Humans

As pet dogs are commonly spoken of as family members or
friends to humans (Serpell, 2004), several investigators have
Frontiers in Psychology | www.frontiersin.org
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be expected in our own species. Wolves may also under certain
conditions show secure attachment, but in their case, the
conditions for this finding may be more limited. However, the
restricted range of studies on hand-reared wolves means these
conclusions must be approached with caution.
Other, somewhat simpler, tests have also demonstrated pet
dogs’ interest in their owners. Horn et al. (2013) presented
pet dogs with a manipulative problem and compared how
long they attempted to solve the task either with their owner
in the room with them or on their own. The presence of the
owner prompted the dogs to persist longer with the task than
when left alone. Gácsi et al. (2013) found that dogs were less
stressed when a stranger approached if they were with their
owner than when alone. No equivalent tests appear to have
been carried out on hand-reared wolves.
Jakovcevic, Mustaca, and Bentosela (2012) studied the bond
between dog and human simply by measuring the latency to
approach and proportion of a two-minute interval a dog would
spend within 1-m of a seated person. Bentosela et al. (2016)
extended this paradigm to hand-reared wolves and found that
dogs had a considerably shorter latency to approach both
familiar and unfamiliar seated humans than wolves and also
spent more time within 1-m of the person.
Findings that pet dogs are disturbed by the sound of a
human crying (Custance and Mayer, 2012; Yong and Ruffman,
2014) and will attempt to rescue their apparently trapped owner
(Bourg et al., 2020) may also be viewed as evidence that pet
dogs can become emotionally attached to people.

Dogs not living as pets in homes do not show the same
level of success in following human pointing gestures. Reduced
performance in the following points has been observed in
street dogs in India (though see also Bhattacharjee et al., 2017,
2020, for evidence of successful point following in about half
the street dogs approached), as well as kennel-living dogs
(Udell et al., 2010; Lazarowski and Dorman, 2015).
The fact that dogs’ success in attending to and following
human actions depends on the individual dog’s experiences
around people, combined with the plentiful evidence that
individuals from a wide range of species can also follow human
gestures if they have had suitable ontogenetic experiences,
indicates that dogs’ readiness to cooperate with people is a
consequence, rather than a cause, of their success in living
alongside humans.

Cooperation With Humans

CONCLUSION: DOGS’ ADAPTATIONS
TO HUMANS

Summary on Heterospecific Behavior

Dogs’ interactions with humans can be classified into two
groups: the more emotional, attachment-like, patterns of behavior
and the more cognitive or conditioned responses to specific
human actions, such as pointing gestures. Emotional responses,
including fear reactions as measured in flight distance, show
differences between dogs and wolves with dogs much less
fearful and more likely to form attachments to people than
are wolves. On the other hand, reactions to discrete human
actions do not appear to show the same kinds of differences
between dogs and wolves.

A variety of studies demonstrate that dogs readily attend and
respond to human behavior. Pet dogs have been shown to
beg from people who can see them in preference to people
whose vision has been obscured in certain ways (Cooper et al.,
2003; Gácsi et al., 2004; Udell et al., 2011). Udell et al. (2011)
found that dogs only attended to forms of visual occlusion
with which they had prior experience and hand-reared wolves
were also sensitive to the implications of certain forms of
obscuring of human vision. To date, studies of this type have
not been attempted on dogs that were not living as pets in
human households.
Wolves have been compared to dogs in tests of cooperation
involving pulling on strings to obtain food. In studies, where
food can only be obtained when two partners pull simultaneously
on opposite ends of a string, hand-reared wolves have shown
similar levels of cooperation with human partners as dogs
(Range et al., 2019).
Several studies have demonstrated that pet dogs will follow
human pointing gestures to find hidden food (e.g., Hare et al.,
2002; Hare and Tomasello, 2005; Bräuer et al., 2006; Udell
et al., 2008; Kaminski and Nitzschner, 2013). This ability has
also been demonstrated in hand-reared wolves (Udell et al.,
2008; Gácsi et al., 2009), and a recent review identified a wide
range of both domesticated and non-domesticated species from
diverse taxa which follow human pointing gestures given prior
experience around people (Krause et al., 2018).
Frontiers in Psychology | www.frontiersin.org

Dogs’ enormous success living in a human-dominated world
rests on a set of adaptations to living in close proximity
with our species. These include alterations in reproductive
and foraging behavior from their ancestor species, wolves,
which are readily understood as adaptations to the change
from hunting live prey to scavenging on food residues that
people offer – whether intentionally or not. The changes in
dog social behavior are less obvious and indeed somewhat
paradoxical. Contrary to theories of canine domestication
which propose that dogs are less aggressive and more
cooperative than wolves (e.g., Hare and colleagues’ “Survival
of the friendliest,” Hare et al., 2002; Hare, 2017; Miklósi
and Topál’s “Inter-specific social competence” hypothesis
Miklósi and Topál, 2013), in fact, several studies clearly show
that dogs, in their interactions with members of their own
(sub) species are in fact more competitive and aggressive
than are wolves. A strict social hierarchy may be even more
important to dogs since their food is often in small portions
that cannot be shared, unlike the larger carcasses on which
wolves often feed.
In itself, dogs’ more competitive and hierarchical interactions
with their own species are not inconsistent with their foraging
niche. Dogs do not share wolves’ need to cooperate to
obtain or consume food (Marshall-Pescini et al., 2017a).
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Placed alongside dogs’ willingness to attend and cooperate
with humans, however, it does present a paradox of sorts:
How to conceive of dogs’ different patterns of social behavior
toward their own species on the one hand and humans on
the other? It is implausible to propose that dogs have different
programs of social behavior that they bring into play depending
on the species identity of the social partners they are interacting
with because no mechanism of species identification has
ever been proposed. No mammal is born recognizing its
own species – rather it develops an awareness of what kinds
of individuals to have social relationships with during the
critical period for social imprinting early in life (Hess, 1973).
Furthermore, dogs do not just have social relationships with
conspecifics and humans: They may also form social bonds
with members of other species they interact with during
the critical social imprinting period (Coppinger and Coppinger,
2002). Thus, livestock guarding dogs raised alongside sheep
or goats will socially imprint on those species and socially
interact with them through life. How does a dog know
whether it should interact with sheep competitively – as it
would with another dog, or cooperatively – as it would
with a human? Clearly some more over-arching explanation
is needed that does not assume that dogs identify diverse
species and bring different social behavior patterns into play
depending on that identification.
Range et al. (2019) suggested that dogs’ behavior toward
humans could be viewed as “deferential” and that this is
then consistent with what they view as a “conflict-avoidant”
pattern of social interaction with conspecifics. I have taken
this valuable suggestion further and proposed that dogs’
extreme sensitivity to hierarchy in social relationships may
be the solution to the apparent paradox of their different
behavior toward humans and conspecifics (Wynne, 2021).
Several of the formal indicators of dominance and subordinate
status in dogs overlap with behaviors used in the same way
by humans (Schilder et al., 2014). Thus, van der Borg et al.
(2015) identified high posture and muzzle bite as formal
dominance indicators in dogs, along with low posture, passing
under the head and mouth lick as submission indicators. In
humans, raised posture has been noted as a dominance
indicator (Mignault and Chaudhuri, 2003), along with sitting
straight up (Schwartz et al., 1982) and raised head (Carney
et al., 2005). Lowered head and other forms of lowered
posture, such as kneeling, along with kissing, are formal
markers of submission in humans (Kalma, 1991; Mignault
and Chaudhuri, 2003).
Consequently, when people stroke dogs’ heads, accept licks
near the mouth and make themselves taller than dogs they
are unconsciously expressing formal dominance over their dogs.
Combined with human’s total control over the resources that
matter to dogs, such as food, freedom of movement, access
to shelter, and even mating opportunities, this establishes dogs
in a state of utter subordination to humans. Tinbergen (1969)
proposed the concept of a supernormal stimulus, a stimulus
that does not occur in nature but which exaggerates the features
of naturally occurring stimulus and thereby evokes an
exceptionally strong response. I proposed, by analogy to the
Frontiers in Psychology | www.frontiersin.org

supernormal stimulus, to call the relationship of human to
dog “super-dominance” because no conspecific could possibly
control a dog’s access to resources to the extent a human does
(Wynne, 2021).
The relationship of dominance offers a mechanism for dogs
to respond differently to members of different species without
any need to propose that dogs identify the species to which
individuals belong. A dog’s social behavior toward individuals
from other species would depend on the extent to which the
individual expresses behaviors the dog recognizes as dominant
to itself along with the individual’s control over resources of
importance to the dog (as well as human intervention to control
the dog’s behavior towards a third species).
This concept of super-dominance bears no relationship to
the confused notions of “dominance” espoused by certain
currently popular dog trainers, such as Millan and Peltier
(2007), Fincke (2004–2016), and the Monks of New Skete
(2002). What these trainers mean by “dominance” is closer to
concepts of positive punishment and negative reinforcement.
Indeed, the “positive” trainer who controls an animal’s behavior
with contingent treats, strokes her dog’s head and allows it
to “kiss” her, is expressing dominance over her dog to a greater
degree than the misguided person who imagines dominance
is conveyed by always walking through a doorway first (Millan
and Peltier, 2007).
This conception suggests several lines of research which
may contribute to better lives for people and their dogs.
For example, it is very striking that although there are now
a few ethological studies of free-ranging dogs, there are
almost no studies of how people and dogs live alongside
each other in homes. If, as I propose, dogs’ lives with people
are structured around dominance relationships, dogs should
react differently toward people who express different levels
of dominance. Dogs would be predicted, for example, to
respond differently toward people of different levels of stature,
toward people with differing levels of control over resources
that matter for dogs, and so forth. At present, even the
most basic observational facts about how dogs and people
live together are strangely absent from the literature. For
example, we do not know how much time pet dogs spend
in proximity to the humans in their household, what form
the interaction takes nor how this depends on age, sex,
breed of dog, or cultural background of the person.
Consequently, the many observations that people feel affection
for their dogs and the apparent reciprocation of that emotion
by dogs have not been set into a context of objective
measurement of behavioral interaction. Whatever the value
of the super-dominance hypothesis, studies of this kind
could shed light on and offer to improve dogs’ lives in
human society.

DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included
in the article and further inquiries can be directed to the
author.
7

July 2021 | Volume 12 | Article 656529

Wynne

Indispensable Dog

AUTHOR CONTRIBUTIONS

by the Wallis Annenberg PetSpace. The research was supported
by the Maddies’ Fund.

The author confirms he is the sole contributor to this work
and has approved it for publication.

ACKNOWLEDGMENTS

FUNDING

The author thanks Eric Strauss for keeping on his case to get
this paper done and two reviewers for numerous cogent
helpful suggestions.

As part of the Wallis Annenberg PetSpace Leadership Institute
initiative, funding for the publication of this article was provided

of free-ranging dogs. Behav. Ecol. 28, 1004–1020. doi: 10.1093/beheco/
arx059
Bonanni, R., Cafazzo, S., Valsecchi, P., and Natoli, E. (2010). Effect of affiliative
and agonistic relationships on leadership behaviour in free-ranging dogs.
Anim. Behav. 79, 981–991. doi: 10.1016/j.anbehav.2010.02.021
Bourg, J., Van, J., Patterson, E., and Wynne, C. D. L. (2020). Pet dogs (Canis
lupus familiaris) release their trapped and distressed owners: individual
variation and evidence of emotional contagion. PLoS One 15:e0231742. doi:
10.1371/journal.pone.0231742
Bradshaw, J. W. S., Blackwell, E. J., and Casey, R. A. (2009). Dominance in
domestic dogs—useful construct or bad habit? J. Vet. Behav. 4, 135–144.
doi: 10.1016/j.jveb.2008.08.004
Bräuer, J., Bös, M., Call, J., and Tomasello, M. (2013). Domestic dogs (Canis
familiaris) coordinate their actions in a problem-solving task. Anim. Cogn.
16, 273–285. doi: 10.1007/s10071-012-0571-1
Bräuer, J., Kaminski, J., Riedel, J., Call, J., and Tomasello, M. (2006). Making
inferences about the location of hidden food: social dog, causal ape. J. Comp.
Psychol. 120, 38–46. doi: 10.1037/0735-7036.120.1.38
Bräuer, J., Stenglein, K., and Amici, F. (2020). Dogs (Canis familiaris) and
wolves (Canis lupus) coordinate with conspecifics in a social dilemma.
J. Comp. Psychol. 134, 211–221. doi: 10.1037/com0000208
British Antarctic Survey (n.d.). Removal of the sledge dogs. British Antarctic
Survey (blog). Available at: https://www.bas.ac.uk/about/antarctica/
environmental-protection/wildlife-and-plants-2/removal-of-the-sledge-dogs/
(Accessed December 31, 2020).
Butler, J. R. A., and du Toit, J. T. (2002). Diet of free-ranging domestic dogs
(Canis familiaris) in rural Zimbabwe: implications for wild scavengers on
the periphery of wildlife reserves. Anim. Conserv. 5, 29–37. doi: 10.1017/
S136794300200104X
Butler, J. R. A., du Toit, J. T., and Bingham, J. (2004). Free-ranging domestic
dogs (Canis familiaris) as predators and prey in rural Zimbabwe: threats
of competition and disease to large wild carnivores. Biol. Conserv. 115,
369–378. doi: 10.1016/S0006-3207(03)00152-6
Cafazzo, S., Maragliano, L., Bonanni, R., Scholl, F., Guarducci, M., Scarcella, R.,
et al. (2014). Behavioural and physiological indicators of shelter dogs’ welfare:
reflections on the no-kill policy on free-ranging dogs in Italy revisited on
the basis of 15 years of implementation. Physiol. Behav. 133, 223–229. doi:
10.1016/j.physbeh.2014.05.046
Cafazzo, S., Valsecchi, P., Bonanni, R., and Natoli, E. (2010). Dominance in
relation to age, sex, and competitive contexts in a group of free-ranging
domestic dogs. Behav. Ecol. 21, 443–455. doi: 10.1093/beheco/arq001
Carney, D. R., Hall, J. A., and Smith LeBeau, L. (2005). Beliefs about the
nonverbal expression of social power. J. Nonverbal Behav. 29, 105–123. doi:
10.1007/s10919-005-2743-z
Chawla, S. K., and Reece, J. F. (2002). Timing of Oestrus and Reproductive
Behaviour in Indian Street Dogs. United Kingdom: British Medical Journal
Publishing Group. doi: 10.1136/vr.150.14.450
Cooper, J. J., Ashton, C., Bishop, S., West, R., Mills, D. S., and Young, R. J.
(2003). Clever hounds: social cognition in the domestic dog (Canis familiaris).
Appl. Anim. Behav. Sci. 81, 229–244. doi: 10.1016/S0168-1591(02)00284-8
Coppinger, R., and Coppinger, L. (2002). Dogs: A New Understanding of Canine
Origin, Behavior and Evolution. Chicago, IL: University of Chicago Press.
Coppinger, R., and Feinstein, M. (2015). How Dogs Work. Chicago, IL: University
of Chicago Press.

REFERENCES
Ainsworth, M., Salter, D., and Bell, S. M. (1970). Attachment, exploration, and
separation: illustrated by the behavior of one-year-olds in a strange situation.
Child Dev. 41, 49–67. doi: 10.2307/1127388
Ainsworth, M., Salter, D., Blehar, M. C., Waters, E., and Wall, S. (1978). Patterns
of Attachment. A Psychological Study of the Strange Situation. Hillsdale, NJ:
Lawrence Erlbaum Assoc.
Ákos, Z., Beck, R., Nagy, M., Vicsek, T., and Kubinyi, E. (2014). Leadership
and path characteristics during walks are linked to dominance order and
individual traits in dogs. PLoS Comp. Biol. 10:e1003446. doi: 10.1371/journal.
pcbi.1003446
American Veterinary Society of Animal Behavior (2008). AVSAB position statement
on the use of dominance theory in behavior modification of animals. Available
at: https://avsab.org/wp-content/uploads/2018/03/Dominance_Position_Statement_
download-10-3-14.pdf (Accessed May 20, 2021).
Arrian (1831). Arrian on Coursing. The Cynegeticus of the Younger Xenophon
… with Classical and Practical Annotations, and a Brief Sketch of the Life
and Writings of the Author; To Which is Added an Appendix Containing
Some Account of the Canes Venatici of Classical Antiquity. London: Bohn.
Bauer, E. B., and Smuts, B. B. (2007). Cooperation and competition during
dyadic play in domestic dogs, Canis familiaris. Anim. Behav. 73, 489–499.
doi: 10.1016/j.anbehav.2006.09.006
Beck, A. (1973). The Ecology of Stray Dogs: A Study of Free-Ranging Urban
Animals. United States: Purdue University Press.
Bentosela, M., Wynne, C. D. L., D’Orazio, M., Elgier, A., and Udell, M. A. R.
(2016). Sociability and gazing toward humans in dogs and wolves: simple
behaviors with broad implications. J. Exp. Anal. Behav. 105, 68–75. doi:
10.1002/jeab.191
Berman, M., and Dunbar, I. (1983). The social behaviour of free-ranging
suburban dogs. App. Anim. Ethol. App. Canine Feline Ethol. 10, 5–17. doi:
10.1016/0304-3762(83)90107-4
Bhadra, A. (2014). Preference for meat is not innate in dogs. J. Ethol. 32,
15–22. doi: 10.1007/s10164-013-0388-7
Bhattacharjee, D., N. Dev, N., Gupta, S., Sau, S., Sarkar, R., Biswas, A., et al.
(2017). Free-ranging dogs show age related plasticity in their ability to
follow human pointing. PLoS One 12:e0180643. doi: 10.1371/journal.
pone.0180643
Bhattacharjee, D., Sau, S., and Bhadra, A. (2020). Bolder’ together — response
to human social cues in groups of free-ranging dogs. Behaviour 157, 363–384.
doi: 10.1163/1568539X-bja10005
Boitani, L., and Ciucci, P. (1995). Comparative social ecology of feral dogs
and wolves. Ethol. Ecol. Evol. 7, 49–72. doi: 10.1080/08927014.1995.
9522969
Boitani, L., Ciucci, P., and Ortolani, A. (2007). “Behaviour and social ecology
of free-ranging dogs,” in The Behavioural Biology of Dogs. ed. P. Jensen
(United Kingdom: CAB International), 147–165.
Bonanni, R., and Cafazzo, S. (2014). “The social organisation of a population
of free-ranging dogs in a suburban area of rome: a reassessment of the
effects of domestication on dogs’ behaviour,” in The Social Dog. eds. J. Kaminski
and S. Marshall-Pescini (San Diego: Academic Press), 65–104. doi: 10.1016/
B978-0-12-407818-5.00003-6
Bonanni, R., Cafazzo, S., Abis, A., Barillari, E., Valsecchi, P., and Natoli, E.
(2017). Age-graded dominance hierarchies and social tolerance in packs

Frontiers in Psychology | www.frontiersin.org

8

July 2021 | Volume 12 | Article 656529

Wynne

Indispensable Dog

Custance, D., and Mayer, J. (2012). Empathic-like responding by domestic dogs
(Canis familiaris) to distress in humans: an exploratory study. Anim. Cogn.
15, 851–859. doi: 10.1007/s10071-012-0510-1
Dale, R., Quervel-Chaumette, M., Huber, L., Range, F., and Marshall-Pescini, S.
(2016). Task differences and prosociality; investigating pet dogs’ prosocial
preferences in a token choice paradigm. PLoS One 11:e0167750. doi: 10.1371/
journal.pone.0167750
Daniels, T. J. (1983). The social organization of free-ranging urban dogs. II.
Estrous groups and the mating system. Appl. Anim. Ethol. 10, 365–373.
doi: 10.1016/0304-3762(83)90185-2
Daniels, T. J., and Bekoff, M. (1989). Population and social biology of freeranging dogs, Canis familiaris. J. Mammal. 70, 754–762. doi: 10.2307/1381709
Dugatkin, L. A. (2020). Principles of Animal Behavior. 4th Edn. Chicago, IL:
University of Chicago Press.
Feddersen-Petersen, D. (1991). The ontogeny of social play and agonistic
behaviour in selected canid species. Bonner Zoo. Beiträge 42, 97–114.
Feddersen-Petersen, D. (2004). Hundepsychologie: Sozialverhalten und Wesen,
Emotionen und Individualität. 4th Edn. Stuttgart, Germany: Kosmos Verlag.
Feddersen-Petersen, D. (2007). “Social behaviour of dogs and related canids,”
in The Behavioural Biology of Dogs. ed. P. Jensen (Wallingford, UK: CAB
International), 105–119.
Fincke, S. (2004–2016). Dog Whisperer with Cesar Millan (TV Series 2004–2016).
Available at: http://www.imdb.com/title/tt0423642/ (Accessed May 20, 2021).
Flack, J. C., and de Waal, F. B. M. (2010). “Dominance styles, social power, and
conflict management: a conceptual framework,” in Macaque Societies: A Model
for the Study of Social Organization. eds. B. Thierry, B. Chapais, W. Kaumanns,
and M. Singh. (England: Cambridge University Press), 157–185.
Font, E. (1987). Spacing and social organization: urban stray dogs revisited.
Appl. Anim. Behav. Sci. 17, 319–328. doi: 10.1016/0168-1591(87)90155-9
Frank, H., and Frank, M. G. (1982). On the effects of domestication on canine
social development and behavior. Appl. Anim. Ethol. 8, 507–525. doi:
10.1016/0304-3762(82)90215-2
Fredericson, E. (1952). Perceptual homeostasis and distress vocalization in
puppies. J. Pers. 20, 472–477. doi: 10.1111/j.1467-6494.1952.tb01122.x
Gácsi, M., Gyoöri, B., Virányi, Z., Kubinyi, E., Range, F., Belényi, B., et al.
(2009). Explaining dog wolf differences in utilizing human pointing gestures:
selection for synergistic shifts in the development of some social skills.
PLoS One 4:e6584. doi: 10.1371/journal.pone.0006584
Gácsi, M., Maros, K., Sernkvist, S., Faragó, T., and Miklósi, A. (2013). Human
analogue safe haven effect of the owner: behavioural and heart rate response
to stressful social stimuli in dogs. PLoS One 8:e58475. doi: 10.1371/journal.
pone.0058475
Gácsi, M., Miklósi, Á., Varga, O., Topál, J., and Csányi, V. (2004). Are readers
of our face readers of our minds? Dogs (Canis familiaris) show situationdependent recognition of human’s attention. Anim. Cogn. 7, 144–153. doi:
10.1007/s10071-003-0205-8
Gácsi, M., Topal, J., Miklósi, A., Dóka, A., and Csanyi, V. (2001). Attachment
behavior of adult dogs (Canis familiaris) living at rescue centers: forming
new bonds. J. Comp. Psychol. 115, 423–431. doi: 10.1037/0735-7036.115.
4.423
Ghosh, B., Choudhuri, D. K., and Pal, B. (1984). Some aspects of the sexual
behaviour of stray dogs, Canis familiaris. Appl. Anim. Behav. Sci. 13, 113–127.
doi: 10.1016/0168-1591(84)90057-1
Gipson, P. S. (1983). “Evaluation and control implications of behavior of feral
dogs in interior Alaska,” in Vertebrate Pest Control and Management Materials:
Fourth Symposium. ed. D. Kaukeinen (West Conshohocken, PA: ASTM
International), 285–294.
Gipson, P. S., Gipson, I. K., and Sealander, J. A. (1975). Reproductive biology
of wild canis (canidae) in Arkansas. J. Mammal. 56, 605–642. doi:
10.2307/1379472
Haase, E. (2000). Comparison of reproductive biological parameters in male
wolves and domestic dogs. Zeitschrift Für Säugetierkunde 65, 257–270.
Hall, N. J., Lord, K., Arnold, A.-M. K., Wynne, C. D. L., and Udell, M. A.
R. (2015). Assessment of attachment behaviour to human caregivers in wolf
pups (Canis lupus lupus). Behav. Process. 110, 15–21. doi: 10.1016/j.
beproc.2014.11.005
Hare, B. (2017). Survival of the friendliest: Homo sapiens evolved via selection
for prosociality. Annu. Rev. Psychol. 68, 155–186. doi: 10.1146/annurevpsych-010416-044201

Frontiers in Psychology | www.frontiersin.org

Hare, B., Brown, M., Williamson, C., and Tomasello, M. (2002). The domestication
of social cognition in dogs. Science 298, 1634–1636. doi: 10.1126/science.
1072702
Hare, B., and Tomasello, M. (2005). Human-like social skills in dogs? Trends
Cogn. Sci. 9, 439–444. doi: 10.1016/j.tics.2005.07.003
Hess, E. H. (1973). Imprinting; Early Experience and the Developmental
Psychobiology of Attachment. New York: Van Nostrand Reinhold Co.
Hoffman, C. L., Stutz, K., and Vasilopoulos, T. (2018). An examination of
adult women’s sleep quality and sleep routines in relation to pet ownership
and bedsharing. Anthrozoös 31, 711–725. doi: 10.1080/08927936.2018.1529354
Horn, L., Huber, L., and Range, F. (2013). The importance of the secure base
effect for domestic dogs – evidence from a manipulative problem-solving
task. PLoS One 8:e65296. doi: 10.1371/journal.pone.0065296
Hughes, J., and Macdonald, D. W. (2013). A review of the interactions between
free-roaming domestic dogs and wildlife. Biol. Conserv. 157, 341–351. doi:
10.1016/j.biocon.2012.07.005
Immelmann, K., and Beer, C. (1992). A Dictionary of Ethology. Cambridge,
Mass London: Harvard University Press.
Jackson, S. M., Fleming, P. J. S., Eldridge, M. D. B., Ingleby, S., Flannery, T.,
Johnson, R. N., et al. (2019). The dogma of dingoes—taxonomic status of
the dingo: a reply to Smith et al. Zootaxa 4564, 198–212. doi: 10.11646/
zootaxa.4564.1.7
Jakovcevic, A., Mustaca, A., and Bentosela, M. (2012). Do more sociable dogs
gaze longer to the human face than less sociable ones? Behav. Process. 90,
217–222. doi: 10.1016/j.beproc.2012.01.010
Jones, A. C., and Gosling, S. D. (2005). Temperament and personality in dogs
(Canis familiaris): a review and evaluation of past research. Appl. Anim.
Behav. Sci. 95, 1–53. doi: 10.1016/j.applanim.2005.04.008
Kalma, A. (1991). Hierarchisation and dominance assessment at first glance.
Eur. J. Soc. Psychol. 21, 165–181. doi: 10.1002/ejsp.2420210206
Kaminski, J., and Nitzschner, M. (2013). Do dogs get the point? A review of
dog–human communication ability. Learn. Motiv. 44, 294–302. doi: 10.1016/j.
lmot.2013.05.001
Karlsson, J., Eriksson, M., and Liberg, O. (2007). At what distance do wolves
move away from an approaching human? Can. J. Zool. 85, 1193–1197. doi:
10.1139/Z07-099
Kleiman, D. G., and Eisenberg, J. F. (1973). Comparisons of canid and felid
social systems from an evolutionary perspective. Anim. Behav. 21, 637–659.
doi: 10.1016/S0003-3472(73)80088-0
Krause, M. A., Udell, M. A. R., Leavens, D. A., and Skopos, L. (2018). Animal
pointing: changing trends and findings from 30 years of research. J. Comp.
Psychol. 132, 326–345. doi: 10.1037/com0000125
Larson, G., Karlsson, E. K., Perri, A., Webster, M. T., Ho, S. Y. W., Peters, J.,
et al. (2012). Rethinking dog domestication by integrating genetics, archeology,
and biogeography. Proc. Natl. Acad. Sci. 109, 8878–8883. doi: 10.1073/
pnas.1203005109
Lazarowski, L., and Dorman, D. C. (2015). A comparison of pet and purposebred research dog (Canis familiaris) performance on human-guided objectchoice tasks. Behav. Process. 110, 60–67. doi: 10.1016/j.beproc.2014.09.021
Lenkei, R., Újváry, D., Bakos, V., and Faragó, T. (2020). Adult, intensively
socialized wolves show features of attachment behaviour to their handler.
Sci. Rep. 10:17296. doi: 10.1038/s41598-020-74325-0
Lord, K., Feinstein, M., Smith, B., and Coppinger, R. (2013). Variation in
reproductive traits of members of the genus canis with special attention to
the domestic dog (Canis familiaris). Behav. Process. 92, 131–142. doi: 10.1016/j.
beproc.2012.10.009
Macdonald, D. W., and Carr, G. M. (1995). “Variation in dog society: between
resource dispersion and social flux,” in The Domestic Dog: Its Evolution,
Behaviour, and Interactions with People. 1st Edn. ed. J. A. Serpell (Cambridge,
England: Cambridge University Press), 199–216.
Macdonald, D. W., and Moehlman, P. D. (1982). “Cooperation, altruism, and
restraint in the reproduction of carnivores,” in Ontogeny. eds. P. P. G. Bateson
and P. H. Klopfer (Boston, MA: Springer US), 433–467.
MacNulty, D. R., Tallian, A., Stahler, D. R., and Smith, D. W. (2014). Influence
of group size on the success of wolves hunting bison. PLoS One 9:e112884.
doi: 10.1371/journal.pone.0112884
Malm, K. (1995). Regurgitation in relation to weaning in the domestic dog:
a questionnaire study. Appl. Anim. Behav. Sci. 43, 111–122. doi:
10.1016/0168-1591(95)00556-8

9

July 2021 | Volume 12 | Article 656529

Wynne

Indispensable Dog

Mariti, C., Carlone, B., Ricci, E., Sighieri, C., and Gazzano, A. (2014). Intraspecific
attachment in adult domestic dogs (Canis familiaris): preliminary results.
Appl. Anim. Behav. Sci. 152, 64–72. doi: 10.1016/j.applanim.2013.12.002
Marshall-Pescini, S., Cafazzo, S., Virányi, Z., and Range, F. (2017a). Integrating
social ecology in explanations of wolf–dog behavioral differences. Curr. Opin.
Behav. Sci. 16, 80–86. doi: 10.1016/j.cobeha.2017.05.002
Marshall-Pescini, S., Schwarz, J. F., Kostelnik, I., Virányi, Z., and Range, F.
(2017b). Importance of a species’ socioecology: wolves outperform dogs in
a conspecific cooperation task. Proc. Natl. Acad. Sci. 114, 11793–11798. doi:
10.1073/pnas.1709027114
Martins, T. (1949). Disgorging of food to the puppies by the lactating dog.
Physiol. Zool. 22, 169–172. doi: 10.1086/physzool.22.2.30152039
McFarland, D. J. (1987). The Oxford Companion to Animal Behaviour. Oxford,
England: Oxford University Press.
McGreevy, P. D., Starling, M., Branson, N. J., Cobb, M. L., and Calnon, D.
(2012). An overview of the dog–human dyad and ethograms within it.
J. Vet. Behav. 7, 103–117. doi: 10.1016/j.jveb.2011.06.001
Mech, L. D. (1981). The Wolf: The Ecology and Behavior of an Endangered
Species. 1st Edn. Minneapolis: University of Minnesota Press.
Mech, L. D. (2002). Breeding season of wolves, Canis lupus, in relation to
latitude. Can. Field-Nat. 116, 139–140.
Mech, L. D., and Boitani, L. (2003). “Wolf social ecology in Wolves: Behavior,
ecology, and conservation,” in Wolves: Behavior, Ecology, and Conservation.
eds. L. D. Mech, and L. Boitani. (Chicago, IL: University of Chicago Press),
1–34.
Mignault, A., and Chaudhuri, A. (2003). The many faces of a neutral face:
head tilt and perception of dominance and emotion. J. Nonverbal Behav.
27, 111–132. doi: 10.1023/A:1023914509763
Miklósi, A., and Topál, J. (2013). What does it take to become ‘best friends’?
Evolutionary changes in canine social competence. Trends Cogn. Sci. 17,
287–294. doi: 10.1016/j.tics.2013.04.005
Millan, C., and Peltier, M. J. (2007). Be the Pack Leader: Use Cesar’s Way to
Transform Your Dog and Your Life. 1st Edn. New York: Three Rivers Press.
Monks of New Skete (2002). How to Be Your Dog’s Best Friend: The Classic
Training Manual for Dog Owners. Boston: Little, Brown and Company.
Oppenheimer, E. C., and Oppenheimer, J. R. (1975). Certain behavioral features
in the pariah dog (Canis familiaris) in West Bengal. Appl. Anim. Ethol. 2,
81–92. doi: 10.1016/0304-3762(75)90067-X
Ortolani, A., Vernooij, H., and Coppinger, R. (2009). Ethiopian village dogs:
behavioural responses to a stranger’s approach. Appl. Anim. Behav. Sci. 119,
210–218. doi: 10.1016/j.applanim.2009.03.011
Ostojić, L. D., and Clayton, N. S. (2014). Behavioural coordination of dogs in
a cooperative problem-solving task with a conspecific and a human partner.
Anim. Cogn. 17, 445–459. doi: 10.1007/s10071-013-0676-1
Pal, S. K. (2001). Population ecology of free-ranging urban dogs in West Bengal,
India. Acta Theriol. 46, 69–78. doi: 10.1007/BF03192418
Pal, S. K. (2005). Parental care in free-ranging dogs, Canis familiaris. Appl.
Anim. Behav. Sci. 90, 31–47. doi: 10.1016/j.applanim.2004.08.002
Pal, S. K. (2008). Maturation and development of social behaviour during early
ontogeny in free-ranging dog puppies in West Bengal, India. Appl. Anim.
Behav. Sci. 111, 95–107. doi: 10.1016/j.applanim.2007.05.016
Pal, S. K., Ghosh, B., and Roy, S. (1998). Agonistic behaviour of free-ranging
dogs (Canis familiaris) in relation to season, sex and age. Appl. Anim.
Behav. Sci. 59, 331–348. doi: 10.1016/S0168-1591(98)00108-7
Pal, S. K., Ghosh, B., and Roy, S. (1999). Inter- and intra-sexual behaviour of
free-ranging dogs (Canis familiaris). Appl. Anim. Behav. Sci. 62, 267–278.
doi: 10.1016/S0168-1591(98)00220-2
Paul, M., Majumder, S. S., and Bhadra, A. (2014). Grandmotherly care: a case
study in Indian free-ranging dogs. J. Ethol. 32, 75–82. doi: 10.1007/
s10164-014-0396-2
Peterson, R. O., Jacobs, A. K., Drummer, T. D., Mech, L. D., and Smith, D. W.
(2002). Leadership behavior in relation to dominance and reproductive status
in gray wolves, Canis lupus. Can. J. Zool. 80, 1405–1412. doi: 10.1139/
z02-124
Peterson, R. O., Woolington, J. D., and Bailey, T. N. (1984). Wolves of the
Kenai Peninsula, Alaska. Wildl. Monogr. 88, 3–52.
Pettijohn, T. F., Wong, T. W., Ebert, P. D., and Scott, J. P. (1977). Alleviation
of separation distress in 3 breeds of young dogs. Dev. Psychobiol. 10,
373–381. doi: 10.1002/dev.420100413

Frontiers in Psychology | www.frontiersin.org

Pilot, M., Jedrzejewski, W., Sidorovich, V. E., Meier-Augenstein, W., and
Hoelzel, A. R. (2012). Dietary differentiation and the evolution of population
genetic structure in a highly mobile carnivore. PLoS One 7:e39341. doi:
10.1371/journal.pone.0039341
Range, F., Marshall-Pescini, S., Kratz, C., and Virányi, Z. (2019). Wolves lead
and dogs follow, but they both cooperate with humans. Sci. Report. 9:3796.
doi: 10.1038/s41598-019-40468-y
Range, F., Ritter, C., and Virányi, Z. (2015). Testing the myth: tolerant dogs
and aggressive wolves. Proc. R. Soc. B Biol. Sci. 282:20150220. doi: 10.1098/
rspb.2015.0220
Rausch, R. A. (1967). Some aspects of the population ecology of wolves, Alaska.
Am. Zoo. 7, 253–265. doi: 10.1093/icb/7.2.253
Rehn, T., Ragen, T., McGowan, S., and Keeling, L. J. (2013). Evaluating the
strange situation procedure (SSP) to assess the bond between dogs and
humans. PLoS One 8:e56938. doi: 10.1371/journal.pone.0056938
Ritvo, H. (1987). The Animal Estate: The English and Other Creatures in Victorian
England. United States: Harvard University Press.
Rowan, A. (2020). Global dog populations. Available at: https://wellbeingintl.
org/global-dog-populations-2/ (Accessed May, 2020).
Rubin, H. D., and Beck, A. M. (1982). Ecological behavior of free-ranging
urban pet dogs. Appl. Anim. Ethol. 8, 161–168. doi: 10.1016/0304-3762
(82)90141-9
Schilder, M. B. H., Vinke, C. M., and van der Borg, J. A. M. (2014). Dominance
in domestic dogs revisited: useful habit and useful construct? J. Vet. Behav.
Clin. App. Res. 9, 184–191. doi: 10.1016/j.jveb.2014.04.005
Schwartz, B., Tesser, A., and Powell, E. (1982). Dominance cues in nonverbal
behavior. Soc. Psychol. Q. 45, 114–120. doi: 10.2307/3033934
Scott, J. P., and Fuller, J. L. (1974). Genetics and the Social Behaviour of the
Dog. Chicago: University of Chicago Press.
Sen Majumder, S., Bhadra, A., Ghosh, A., Mitra, S., Bhattacharjee, D., Chatterjee, J.,
et al. (2014). To be or not to be social: foraging associations of free-ranging
dogs in an urban ecosystem. Acta. Ethol. 17, 1–8. doi: 10.1007/
s10211-013-0158-0
Serpell, J. A. (2004). Factors influencing human attitudes to animals and their
welfare. Anim. Welf. 13, 145–151.
Silk, M. J., Cant, M. A., Cafazzo, S., Natoli, E., and McDonald, R. A. (2019).
Elevated aggression is associated with uncertainty in a network of dog
dominance interactions. Proc. R. Soc. B Biol. Sci. 286:20190536. doi: 10.1098/
rspb.2019.0536
Smith, B. P., Cairns, K. M., Adams, J. W., Newsome, T. M., Fillios, M.,
Déaux, E. C., et al. (2019). Taxonomic status of the Australian dingo: the
case for Canis dingo meyer, 1793. Zootaxa 4564, 173–197. doi: 10.11646/
zootaxa.4564.1.6
Svartberg, K., Tapper, I., Temrin, H., Radesater, T., and Thormans, S. (2005).
Consistency of personality traits in dogs. Anim. Behav. 69, 283–291. doi:
10.1016/j.anbehav.2004.04.011
Sykes, N., Beirne, P., Horowitz, A., Jones, I., Kalof, L., Karlsson, E., et al.
(2020). Humanity’s best friend: a dog-centric approach to addressing global
challenges. Animals 10:502. doi: 10.3390/ani10030502
Thielke, L. E., and Udell, M. A. R. (2019). Evaluating cognitive and behavioral
outcomes in conjunction with the secure base effect for dogs in shelter
and foster environments. Animals 9:932. doi: 10.3390/ani9110932
Thielke, L. E., and Udell, M. A. R. (2020). Characterizing human–dog attachment
relationships in foster and shelter environments as a potential mechanism
for achieving mutual wellbeing and success. Animals 10:67. doi: 10.3390/
ani10010067
Tinbergen, N. (1969). The Study of Instinct. Oxford, England: Oxford University
Press.
Topál, J., Gácsi, M., Miklósi, Á., Virányi, Z., Kubinyi, E., and Csányi, V. (2005).
Attachment to humans: a comparative study on hand-reared wolves and
differently socialized dog puppies. Anim. Behav. 70, 1367–1375. doi: 10.1016/j.
anbehav.2005.03.025
Topál, J., Miklósi, A., Csányi, V., and Dóka, A. (1998). Attachment behavior
in dogs (Canis familiaris): a new application of Ainsworth’s (1969) strange
situation test. J. Comp. Psychol. 112, 219–229. doi: 10.1037/0735-7036.
112.3.219
Trisko, R. K., and Smuts, B. B. (2015). Dominance relationships in a group
of domestic dogs (Canis lupus familiaris). Behaviour 152, 677–704. doi:
10.1163/1568539X-00003249

10

July 2021 | Volume 12 | Article 656529

Wynne

Indispensable Dog

Tuber, D. S., Sanders, S., Hennessy, M. B., and Miller, J. A. (1996). Behavioral
and glucocorticoid responses of adult domestic dogs (Canis familiaris) to
companionship and social separation. J. Comp. Psychol. 110, 103–108. doi:
10.1037/0735-7036.110.1.103
Udell, M. A. R., Dorey, N. R., and Wynne, C. D. L. (2008). Wolves outperform
dogs in following human social cues. Anim. Behav. 76, 1767–1773. doi:
10.1016/j.anbehav.2008.07.028
Udell, M. A. R., Dorey, N. R., and Wynne, C. D. L. (2010). The performance
of stray dogs (Canis familiaris) living in a shelter on human-guided objectchoice tasks. Anim. Behav. 79, 717–725. doi: 10.1016/j.anbehav.2009.12.027
Udell, M. A. R., Dorey, N. R., and Wynne, C. D. L. (2011). Can your dog
read your mind? Understanding the causes of canine perspective taking.
Learn. Behav. 39, 289–302. doi: 10.3758/s13420-011-0034-6
van der Borg, J. A. M., Schilder, M. B. H., Vinke, C. M., and de Vries, H.
(2015). Dominance in domestic dogs: a quantitative analysis of its behavioural
measures. PLoS One 10:e0133978. doi: 10.1371/journal.pone.0133978
Van Kerkhove, W. (2004). A fresh look at the wolf-pack theory of companionanimal dog social behavior. J. Appl. Anim. Welf. Sci. 7, 279–285. doi: 10.1207/
s15327604jaws0704_7
Vanak, A. T., and Gompper, M. E. (2009). Dogs Canis familiaris as carnivores:
their role and function in intraguild competition. Mammal Rev. 39, 265–283.
doi: 10.1111/j.1365-2907.2009.00148.x
Wandeler, A. I., Matter, H. C., Kappeler, A., and Budde, A. (1993). The ecology
of dogs and canine rabies: a selective review. Rev. Sci. Tech. 12, 51–71. doi:
10.20506/rst.12.1.663
Wanser, S. H., Simpson, A. C., MacDonald, M., and Udell, M. A. R. (2020).
Considering family dog attachment bonds: do dog-parent attachments predict
dog-child attachment outcomes in animal-assisted interventions? Front.
Psychol. 11:2293. doi: 10.3389/fpsyg.2020.566910
Wanser, S. H., and Udell, M. A. R. (2019). Does attachment security to a human
handler influence the behavior of dogs who engage in animal assisted activities?
Appl. Anim. Behav. Sci. 210, 88–94. doi: 10.1016/j.applanim.2018.09.005

Frontiers in Psychology | www.frontiersin.org

Wayne, R. K. (1986). Cranial morphology of domestic and wild canids: the
influence of development on morphological change. Evolution 40, 243–261.
doi: 10.1111/j.1558-5646.1986.tb00467.x
What are animal by-products? (n.d.) Purina. n.d. Available at: https://www.
purina.com/articles/dog/nutrition/what-are-animal-by-product (Accessed May
20, 2021).
Wynne, C. D. L. (2021). “Dogs’ (Canis lupus familiaris) behavioral adaptations
to a human-dominated niche: a review and novel hypothesis,” in Advances
in the Study of Behavior. eds. M. Naguib, and L. Barrett. (Cambridge, Mass:
Academic Press), 53, 97–162. doi: 10.1016/bs.asb.2021.03.004
Yin, S. (2007). Dominance versus leadership in dog training. Compend. Contin.
Edu. Vet. 29, 414–417.
Yong, M. H., and Ruffman, T. (2014). Emotional contagion: dogs and humans
show a similar physiological response to human infant crying. Behav. Process.
108, 155–165. doi: 10.1016/j.beproc.2014.10.006
Conflict of Interest: The author declares that the research was conducted in
the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.
Publisher’s Note: All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product that may
be evaluated in this article, or claim that may be made by its manufacturer, is
not guaranteed or endorsed by the publisher.
Copyright © 2021 Wynne. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

11

July 2021 | Volume 12 | Article 656529

