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Hundreds of millions of people share their homes with dogs, and billions

more have dogs near their domiciles (Rowan, 2020). Dogs are the most

numerous and widespread larger mammal (besides humans, of course) in

the world. The purpose of this chapter is to weigh the possible explanations

for how this state of affairs could have arisen. A scientifically secured under-

standing of the capacities of dogs would have significant implications in at

least two directions. First, understanding dogs’ adaptations to life in human

proximity would have consequences for how people structure their lives

alongside dogs. Each species in this symbiosis has the potential to bring

benefits, but also do harm, to the other. An empirically-grounded under-

standing of the niche that dogs occupy within the human-dominated world

could help people maximize those benefits while minimizing the harms.

Second, in an era of unprecedented human-driven extinctions, understand-

ing how one animal has succeeded in adapting to human activity may shed

light on how and why others have failed. Many other animal species have also

adapted to human proximity, including birds such as pigeons (Columba livia:

e.g., Audet, Ducatez, & Lefebvre, 2016) and other mammals including other

canids such as coyotes (Canis latrans: e.g., Mitchell, Strohbach, Pratt, Finn, &

Strauss, 2015). Most of these other species, however, seem to have achieved

this adaptation without the close and affectionate interaction with people

which is so characteristic of dogs (Coppinger & Coppinger, 2016).

Around 40% of households in the United States harbor a dog (AVMA

2008: numbers in other developed countries are slightly lower, Rowan,

2020). However, only around 17–24% of the world’s dogs live as pets in

first-world homes (Lord, Feinstein, Smith, & Coppinger, 2013). Most dogs

live on the fringes of human settlements in the developing world as feral,

village or community dogs (Coppinger & Coppinger, 2001). Even in devel-

oped countries dogs can cause appreciable harm to humans. For example, in

the United States dogs are responsible for around 12,400 bites to people

every day (Gilchrist, Sacks, White, & Kresnow, 2008). Outside the First

World, the harms of dogs may bemuchmore significant. For example, more

than 55,000 people per year die of rabies, mainly in Asia and Africa where

dogs are the most important vector (World Health Organization, 2013).

Notwithstanding these costs and the scarcity of practical benefits to dog

cohabitation in the modern world (Rodriguez, Greer, Yatcilla, Beck, &

O’Haire, 2020) the majority of first-world respondents view their pet dogs

as family members (Serpell, 2004), and even in developing nations, large

portions of the population are at least ambivalent and many express quite

positive attitudes to the dogs on their streets (Bhattacharjee et al., 2020;

Fielding & Mather, 2001).
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In this chapter, I start by contextualizing the study of the dog-human

relationship by sketching what is known about the origins of dogs before

considering different theories of dogs’ putative uniqueness that attempt to

account for their success in a human-dominated world. I conclude that

much current research into dogs is barking up the wrong tree. The search

for evolved innate cognitive structures that could account for dogs’ success

in an anthropogenic world (“cognitive instincts”) failed to take account of

the intensity and intimacy of individual dog’s lives in human proximity. I

then outline relatively uncontroversial and well-established findings in the

basic behavioral biology of dogs, including affiliative and attachment-related

behaviors, which should inform our understanding of their more complex

and cognitive behaviors. I outline how it is in dogs’ social behaviors that the

solution will be found. Dogs’ ability to solicit care from humans is crucial to

their success in human environments and yet has received much less research

attention. Finally, I consider domains where more research is needed if the

riddle of dogs is to be solved.

1. The origins of dogs

Much about the origins of dogs remains controversial, but several

useful points have been established by geneticists, genomicists, archeologists

and their hybrids. Certain wolves at one or several locations around the

world adapted to human proximity by scavenging on the residues of human

foraging (Larson et al., 2012; Morey, 2014; Perri, 2016). The earliest pro-

posed dates of archeological remains of canids that can be distinguished from

wolves are over 30,000 years ago (in Siberia: Germonpr�e, Lázni�cková-
Galetová, & Sablin, 2011; Germonpr�e et al., 2009). The earliest find that

is broadly accepted as from a dog rather than a wolf dates to around

14,000 years ago (in Germany: Nobis, 1981). Estimates from genomic anal-

ysis of the time of the last common ancestor of the dog and the gray wolf are

in the range of 15–23,000 years ago (Bergstr€om et al., 2020; Frantz et al.,

2016; Perri, 2016; Perri et al., 2021). It is worth noting that the time point

of the last common ancestor of dog and wolf is not the same as the point at

which the dog and wolf would have become phenotypically (including

behaviorally) distinguishable. To this day there remain many discriminable

eco-morphs of wolf—from the large thick-coated wolves of the artic, to the

much smaller Arab wolves of the Levant (Pilot et al., 2014; Stronen et al.,

2013). Thus, to say that the last common ancestor of dogs and wolves lived

15–23,000 years ago is not to say that an animal discriminably distinct from

a wolf and recognizable to modern observers as a dog arose at that time.
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It implies solely that the wolves from whom dogs are descended last shared

an ancestor with other groups of wolves at that time. The evolution to an

animal that can be morphologically or behaviorally discriminated from

wolves and therefore could be called a “dog”may have comemany thousands

of years later (Larson et al., 2012).

Although there is much that is contested in the early origins of dogs,

certain conclusions can be drawn from the undisputed facts. First, all dogs

are descended from wolves and only wolves (Larson et al., 2012; Wayne,

2012; Wayne & Ostrander, 2007). Second, dogs arose at least 14,000 years

ago (Nobis, 1981). It follows from these two facts that, third, dogs arose dur-

ing the last ice age and fourth, the domestication of dogs occurred before the

domestication of any other species of animal or even plant—dogs thus arose

when people were still entirely dependent on hunting and gathering (Larson

et al., 2012; Perri, 2016). Earlier proposals that dogs came into being at

the end of the last ice age and beginning of the Holocene as part of a package

of changes occurring at the beginnings of agriculture (e.g., Coppinger &

Coppinger, 2001) are, consequently, clearly refuted.

There may be an enumerable list of relatively uncontroversial facts

around the origins of dogs, but much remains unclear. One of the vibrant

continuing controversies concerns the nature of the earliest human-dog

symbiosis. Some authors argue that early proto-dogs accompanied human

hunters at an early point in the genesis of the dog, enhancing human hunting

success and possibly even contributing to the ability of Homo sapiens to

out-compete Homo neanderthalenis (Schleidt & Schalter, 2003; Shipman,

2017). Others argue that proto-dogs would have made poor hunters’ com-

panions (for a number of reasons, including the lack of benefit of dogs for

humans who with their excellent vision were already well-able to hunt in

the relatively open terrain of the Pleistocene, see Larson et al., 2012;

Perri, 2013; Wynne, 2019). Rather, this latter group suggests, dogs would

have arisen as scavengers of human foraging remnants with limited direct

benefit to their human hosts (besides possibly cleaning camp, Russell, 2011).

From these origins, there is no dispute that, with the warming of the

planet starting around 12,000 years ago, dogs accompanied people around

the globe. The first evidence of human concern for dogs is careful burials

that became more elaborate and numerous as the planet warmed. Perri

(2013) proposes that this increase in intentional burials indicates that dogs

were becoming more useful to people as hunting aids. Dogs’ sensitive

noses and small size relative to humans enabled them to chase down prey

in denser tropical and temperate forests which were replacing the open
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steppe and colder-climate forests in many parts of the world. Unlike their

wolf ancestors, dogs have difficulty completing a kill and thus need human

assistance for successful hunting of larger prey—establishing the conditions

for a mutually dependent symbiosis (Perri, 2013).

As time went on, dogs found numerous additional roles. Dogs’ ability to

form attachments to many species combined with a spontaneous tendency to

bark when perceiving a threat underlies their propensity to warn groups of

humans, as well as other domesticated animals, of the approach of intruders

and potentially engage with them (Musil, 1928). This capacity was probably

extremely important to early livestock herders, although the actual ability to

herd—that is, to force livestock to move on direct command—likely arose

in dogs only much later, and only in environments where major predators

had been extirpated (de Planhol, 1969). Dogs kept solely as companions can

be identified in the Roman era (Bodson, 2000). Dogs were a significant

source of labor—pulling wagons, turning meat on spits, and so on—right

up until the early 20th century (Ritvo, 1987).

Thus, the role of dogs has altered over the millennia and yet they have

always been able to adapt to their changing niche. Dogs today in first-world

homes probably provide as little practical support to their human hosts as

dogs have ever done and yet the level of resourcing they are provided is

likely also unprecedented. The price they pay for this is greatly restricted

control over their lives. First-world pet dogs must negotiate with their

human hosts every aspect of life, from opportunities to urinate and defecate,

what and when they may eat, to their selection of mates and even whether

they are reproductively viable.

2. Adaptation to a human-dominated niche

Over the past half century several theories have been proposed to

account for dogs’ success in the human-dominated world. I will briefly

mention two accounts that have proposed a cognitive aspect to dogs’ adap-

tation to the human environment before moving on to the (in my view)

more viable theories involving adaptation of social behavior independent

of more cognitive factors.

2.1 Cognitive hypotheses
Diverse definitions of “cognitive” exist in the literature. Originally the term

was introduced into psychology to indicate a break from behaviorist inter-

pretations of behavior solely in terms of conditioning and to emphasize
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behavior generated by internal representations of external stimuli (Miller,

1962; Pearce, 2008). Given the difficulty in establishing whether an animal

is experiencing an internal representation and in demonstrating that a com-

plex behavior cannot be explained in terms of simpler conditioning pro-

cesses (which amounts to the logical impossibility of proving a negative),

more recent definitions of cognition in animals emphasize the complexity

of the behavior to be explained. Categories of cognition in animals include

reasoning, problem-solving, memory and concept formation (Wynne &

Udell, 2020).

2.1.1 Problem-solving hypothesis
During the 1980s Harry Frank and his wife Martha raised a number of dog

and wolf pups in order to closely compare their cognitive development.

Frank (1980) argued that the wolf niche favors group hunting and thus cog-

nitive adaptations including foresight, mental representation and an under-

standing of means-end relationships. Since dogs have been relieved of the

selection pressures for hunting live prey in their symbiosis with humans,

Frank argued they lost these forms of cognition in place of tractability in

the human partnership (Frank & Frank, 1982). From these considerations

the Franks derived a number of testable hypotheses. They predicted that

dogs would perform better than wolves (i) on problems where cues to task

solution were arbitrarily selected by the experimenter rather than intrinsic to

the problem situation, (ii) where reinforcement is administered by the

experimenter rather than directly from the rest of the problem environment

and (iii) that dogs would also perform better where the behavior required

of them had no direct functional link to the outcome. On the other hand,

wolves should outperform dogs where the connections between action and

consequence were more intrinsic to the problem situation and where the

task demanded “cognitive processes, such as foresight, planning, mental rep-

resentation (imagery), and serial organization of behavior” (Frank & Frank,

1987, p. 144, emphasis in the original).

Using their hand-reared wolf and malamute dog pups Frank and Frank

carried out a series of experiments to test their hypotheses. These included

tests of behavioral inhibition such as requiring the dog or wolf to stand on a

wooden platform; visual and auditory discriminations; as well as problem-

solving tasks. The problem-solving tasks included a detour test; a task where

the animal had to extract a food dish from a wooden box; and a maze test.

Initially Frank and Frank reported that their findings supported their

theory of the fundamental cognitive differences between wolves and dogs.
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However, by the end of their project they reported significant caveats to

their earlier findings (Frank & Frank, 1987). The first concern was that their

attempts to match early experiences for the wolf and dog pups were not

entirely successful. This mitigated the extent to which differences in behav-

ior could be ascribed to phylogenetic differences rather than ontogenetic

ones. The importance of matching ontogenetic experience in attempting

to characterize wolf-dog differences in behavior is a theme which will be

returned to below. Second, their studies had only used a single breed of

dog—malamutes (for idiosyncratic reasons, see Feuerbacher & Wynne,

2011, for more on the history of the project). Frank and Frank (1987) noted

that dog pups from other breeds tested in some of the same tasks by other

researchers had been reported to performmore like the wolves in their stud-

ies than the dogs. For example, basenjis studied by Scott and Fuller (1974,

originally published 1965) performed like Frank and Frank’s wolves on

problem-solving tasks, and much better than the dogs Frank and Frank stud-

ied. Third, the observed differences in behavior between dogs and wolves

might not be determined by differences in styles of problem solving but

by different responses to confinement or sensitivity to contingencies of rein-

forcement (Frank & Frank, 1987). Finally, Feuerbacher and Wynne (2011)

noted that the distinction between human-directed training problems

(which dogs were predicted to excel at) and problem-solving tasks (which

wolves were expected to perform better on) was not entirely firm and that

some tasks reported in Frank, Frank, Hasselbach, and Littleton (1989), for

example, could be interpreted in either direction.

In sum, the pioneering project of Frank and Frank is now largely of

historical interest. It illustrates the extreme difficulty of successfully carrying

out comparative behavioral research even on two such closely-related spe-

cies and highlights that successful comparative work needs to take account

of the phenotypic variety in dogs (and, indeed, in wolves) to enable mean-

ingful conclusions to be drawn, as well as the problems in establishing truly

comparable populations for analysis.

2.1.2 Human-like social cognition hypothesis
More recently, Hare et al. have proposed a number of related hypotheses cen-

tering on the claim that dogs developed “human-like social skills” as a

by-product of domestication. This proposal is known as the “domestication

hypothesis”: namely that dogs, as a direct consequence of selection during

domestication, developed abilities in interpreting human actions and inten-

tions that exceed those of all other nonhumans and indicate aspects of theory
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of mind only seen in Homo sapiens (e.g., Hare, 2017; Hare, Brown,

Williamson, & Tomasello, 2002; Hare & Tomasello, 2005). Thus, according

to Hare et al. (2010, p. E6), “the unusual skills of domestic dogs in using

human communicative cues most likely evolved during and as a result of

human domestication.” Riedel, Schumann, Kaminski, Call, and Tomasello

(2008) went so far as to argue that these kinds of skills, though they are known

to be highly dependent on ontogenetic experience in our own species (Lakatos,

Soproni, Dóka, &Miklósi, 2009;Morissette, Ricard, &D�ecarie, 1995), arise in
dogs without significant developmental component. “Human exposure has

no major effect on dogs’ ability to use human-given communicative cues,”

(Riedel et al., 2008, p. 1012).

Human-like social cognition can be conceptualized in terms of the seven

domains of theory of mind outlined by Heyes (1998). Heyes (1998) defined

theory of mind in animals as an animal “… believ[ing] that mental states play

a causal role in generating behaviour and infer[ing] the presence of mental

states in others by observing their appearance and behaviour under various

circumstances” (p. 102). She identified several methodologies that may indi-

cate behavior governed by theory of mind and some evidence of success in

dogs has been reported on five of these seven theory-of-mind methodolo-

gies, including imitation (Br€auer, B€os, Call, & Tomasello, 2013; Miller,

Rayburn-Reeves, & Zentall, 2009; Range, Virányi, & Huber, 2007;

Topál, Byrne, Miklósi, & Csányi, 2006), deception (Heberlein, Manser, &

Turner, 2017), role taking (Miklósi, Polgárdi, Topál, & Csányi, 2000;

Topál, Erdõhegyi, Mányik, & Miklósi, 2006), and understanding the impli-

cations of what others can and cannot see (Cooper et al., 2003; Gácsi, Miklósi,

Varga, Topál, & Csányi, 2004; Johnston, Huang, & Santos, 2018; Udell,

Dorey, &Wynne, 2011). In addition, substantial evidence has been presented

in the literature that dogs are sensitive to the implications of human point-

ing gestures and even of human gaze (citations below). These claims of

theory-of-mind-like abilities in dogs are particularly noteworthy in view

of the difficulties in demonstrating similar theory-of-mind-like skills in non-

human primates (e.g., Heyes, 1998; Povinelli & Eddy, 1996; Povinelli &

Vonk, 2003).

In the following subsections, I briefly review evidence from three

domains where human-like social skills have been demonstrated in dogs

in studies from multiple laboratories. These are (Section 2.1.2.1) Point

and gaze following; (Section 2.1.2.2) Understanding the implications of

what others see; and (Section 2.1.2.3) Imitation.
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2.1.2.1 Point and gaze following
Numerous studies demonstrate that pet dogs will follow a wide range of

different human pointing gestures to locate hidden food rewards (Br€auer,
Kaminski, Riedel, Call, & Tomasello, 2006; Hare et al., 2002; Hare &

Tomasello, 2005; Kaminski & Nitzschner, 2013; T�eglás, Gergely, Kupán,
Miklósi, & Topál, 2012; Udell, Dorey, &Wynne, 2008). Most pet dogs will

follow human gestures made with hands and arms as well as legs and feet

(for reviews see Lea & Osthaus, 2018; Udell, Dorey, & Wynne, 2012;

Miklósi, 2015). Early reports claimed that this ability was unique to dogs

since it was not initially observed in wolves (Hare et al., 2002) nor in

humans’ closest relatives, chimpanzees and bonobos (Br€auer et al., 2006;
Hare & Tomasello, 2005; Kaminski & Nitzschner, 2013; T�eglás et al.,

2012). Subsequent studies have established that hand-reared wolves can per-

form on the task to a similar level as pet dogs (Gácsi et al., 2009; Udell et al.,

2008) and many other species have also been shown capable of following

human pointing gestures given prior experience around people. This list

now includes not just members of domesticated species (goats: Kaminski,

Riedel, Call, & Tomasello, 2005; pigs: Nawroth, Ebersbach, & von

Borell, 2014; horses: Dorey, Conover, & Udell, 2014; Malavasi &

Huber, 2016) but also individuals from non-domesticated species (dolphins:

Pack & Herman, 2004, Xitco, Gory, & Kuczaj, 2001; a gray seal: Shapiro,

Janik, & Slater, 2003; sea lions: Malassis & Delfour, 2015; bats: Hall, Udell,

Dorey, Walsh, & Wynne, 2011). In a review, Krause, Udell, Leavens, and

Skopos (2018) identified 38 species from diverse taxa which have been

found to follow at least some human pointing gestures. The status of chim-

panzees remains ambiguous. Individuals from this species follow human

gaze (for a review see Itakura, Das, & Farshid, 2017) but do not appear to

follow human gestures in laboratory tests (Kirchhofer, Zimmermann,

Kaminski, & Tomasello, 2012). However, a review and meta-analysis of

the data on dogs’ and nonhuman primates’ abilities to follow human gestures

concluded that apparent differences between species were subject to system-

atic confounds (Clark, Elsherif, & Leavens, 2019). These included the use of

a barrier between the pointing person and the animal for primates but not

dogs and other species, along with differences in task-relevant preparation of

the subjects (Clark et al., 2019). It is worth noting that earlier researchers

who raised a chimpanzee in their home like a human child, found that their

charges were inclined to follow human pointing gestures (Hayes, 1951;

Kellogg & Kellogg, 1933).
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Several lines of evidence implicate the importance of appropriate life

experiences rather than purely phylogenetic factors for dogs (and other

species) to follow human gestures. Dogs living in less close daily contact with

people than typical household pets are less likely to follow gestures

(D’Aniello et al., 2017; Udell, Dorey, & Wynne, 2010). Dogs living in

animal shelters who do not follow points spontaneously can quickly acquire

the ability to follow human gestures both through very brief explicit training

(Lazarowski & Dorman, 2015; Udell et al., 2010) and also through the kinds

of human interaction that pet dogs living in a human home typically expe-

rience ( Jarvis & Hall, 2020). Udell, Hall, Morrison, Dorey, and Wynne

(2013) observed that pet dogs could improve at following human points

even within the brief experience of a typical testing session.

Testing of a wider range of dog populations, including shelter-living

dogs, street dogs in India, as well as laboratory and other kennel-living dogs

show reduced performance in following gestures—often at chance levels

(Bhattacharjee et al., 2017; Lazarowski & Dorman, 2015; Udell et al.,

2010; though see also Bhattacharjee, Mandal, et al., 2020, for evidence of

successful point following in about half the Indian street dogs approached).

Interestingly, although pet dogs more readily follow proximal cues than

distal ones (that is to say, cues where the pointing hand is very close to

the object pointed to rather than about 0.5m distant from it: Udell et al.,

2013), street dogs in west Bengal, India, were more likely to follow distal

cues (Bhattacharjee, Mandal, et al., 2020). This may be because street dogs

are more likely to interact with people at greater distances than do pet dogs.

The fact that dogs are reluctant to ignore points that are not informative—

or that even indicate a location which can be clearly seen to be devoid of

food (Dwyer & Cole, 2018; Kundey et al., 2010; Petter, Musolino,

Roberts, & Cole, 2009; Pongrácz, Heged€us, Sanjurjo, Kővári, & Miklosi,

2013; Szetei, Miklósi, Topál, & Csányi, 2003) has been adduced as evidence

of a priority to attend to human intentional actions over the evidence of

their own senses (Hare, 2017). These results are more parsimoniously

explained, however, by considering the lives of pet dogs. Pet dogs are rou-

tinely reinforced for following human gestures to find things and often

punished for seeking food independently when they, for example, remove

food from kitchen counters or investigate garbage containers. Given these

extensive, albeit undocumented, reinforcement histories it should not be

surprising that in the context of a brief experimental test such dogs may con-

tinue to follow a cue that has been reinforced in the past even if it is being

extinguished during the experimental sessions.
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As well as following ostensive points, dogs in at least some studies also

show sensitivity to the direction of an individual’s gaze. Agnetta, Hare,

and Tomasello (2000) andMet, Miklósi, and Lakatos (2014) found that dogs

did not succeed in following human gaze at a group level. However, Wallis

et al. (2015) reported that brief training was sufficient to bring a group of

145 border collies to follow human gaze into distant space. Dogs may

use also use their own gaze alternation to draw owner’s attention to hidden

toy (Marshall-Pescini, Colombo, Passalacqua, Merola, & Prato-Previde,

2013; Miklósi et al., 2000; Persson, Wright, Roth, Batakis, & Jensen, 2016).

In sum, the evidence of dogs’ ability to follow human pointing gestures

and gaze direction, as well as use gaze alternation to bring people’s attention

toward things certainly indicates a high level of sensitivity to these cues of

human attention. However, these abilities are not unique to dogs nor are

they automatic or innate for them. Rather, they appear to develop in many

species that live in intimate proximity with human beings and depend on

them for fulfillment of their daily needs.

2.1.2.2 Understanding the implications of what others can and cannot see
Another aspect of theory of mind and human-like cognition which is

relatively amenable to study in animals is the understanding that another

individual’s ability to see something influences that individual’s knowledge

of what is around them.

In the so-called begging task, an individual has to select one of two

similar-looking people to approach and solicit for food. One of the people

can see the subject (and her eyes are clearly visible to it) while the other is

rendered inattentive by having her vision obscured in some obvious way.

Gácsi et al. (2004) reported that pet dogs were more likely to beg for food

from a woman who could see them than one who could not; however,

performance was more accurate when the inattentive woman turned her

back than when she wore a blindfold. Similarly, Cooper et al. (2003) found

that dogs were more likely to ignore a person whose face was obscured behind

a book than a bucket. Udell et al. (2011) extended these findings by demon-

strating that neither dogs nor hand-reared wolves demonstrated an undiffer-

entiated ability to respond to signals of human attention. Rather, the kinds

of signals that pet dogs, shelter-living dogs, and hand-rearedwolves were atten-

tive to varied in a manner consistent with the living conditions of the three

groups of canids. Pet dogs were sensitive to the widest range of human cues,

responding appropriately to people whose vision was obscured by turning

their backs or placing a book in front of their eyes. However, even the
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pet dogs did not reliably respond differentially to a person with her head in a

bucket compared to a person holding an identical bucket next to her head.

Shelter-living dogs were also sensitive to a person turning her back, but not

to a book (or a bucket). The performance of hand-reared wolves living in a

sanctuary was very similar to that of shelter dogs. Udell et al. (2011) inter-

preted these findings, as well as those of Gácsi et al. (2004) and Cooper et al.

(2003), as indicating that dogs do not have any special inborn capacity to

perform better than other canids on perspective-taking tasks. Rather, the

life experiences of the individual animals under test are determinative of

the kinds of cues to which different individuals are sensitive. Even pet dogs

were insensitive to the largest occlusion of attention in Udell et al.’s (2011)

study—the bucket—because dogs do not usually see people with a bucket

on their head. However, pet dogs (in a university town) are accustomed to

people placing books in front of their faces and ceasing to interact with them.

This signal is not, however, familiar to wolves or shelter-living dogs.

The begging task shows that dogs can, with suitable experience, become

sensitive to humans’ visual access to the world and the consequences that can

follow on from that for them. The limits of this ability clearly implicate indi-

vidual life experience, rather than any inborn capacities, in this ability. The

limited data available from hand-reared wolves support this interpretation.

Claims for pet dogs’ sensitivity to the importance of vision as a means

of gaining information were made in a study by Kaminski, Pitsch, and

Tomasello (2013). These researchers simply ordered dogs not to take some

food which was placed within the dogs’ reach. A human remained in the

room with the dogs and food throughout the test. The dogs were more

likely to take the food when illumination was reduced (so the human could

not see the dog’s actions) than when the room was normally illuminated.

Interestingly, the dog’s behavior was impacted by the illumination level

around the food rather than around the human watching the food.

However, if there was no human present, the dogs approached the food

more rapidly in the dark than when it was illuminated. This may imply that

dogs are more sensitive to the state of being in the dark rather than under-

standing anything about human’s visual access in the dark, perhaps because

scavenging food in the dark is less likely to be chastised.

Further evidence of pet dogs’ sensitivity to human visual access comes

from a study by Kaminski, Tomasello, Call, and Br€auer (2009). In this study,
dogs were seated on one side of a pair of barriers: one transparent, the other

opaque. The experimenters placed two identical toys on the dog’s side of the

barriers–one next to each barrier. On the other side of these barriers sat a
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human experimenter who could only see one of the toys (the one behind the

transparent barrier). Each dog was ordered to “Bring it here,” and the ques-

tion of interest was which of the two identical toys the dog would bring to

the experimenter. The dogs were more likely to approach and bring the toy

that was behind the transparent barrier–that is the one the human experi-

menter could also see. This tendency was reduced if the experimenter faced

away from the dog and the barriers, or if the toys were placed on the exper-

imenter’s side of the barriers. Kaminski et al. (2009) concluded that this find-

ing indicates that the dogs were sensitive to the human’s visual access to the

toys, though it is left unexplained why the dog should prefer bringing the toy

which the human can also see.

2.1.2.2.1 Guesser-knower task A more elaborate paradigm which

assesses some of the same issues as the begging task is the Guesser-Knower

experiment, originally developed for chimpanzees by Povinelli, Nelson,

and Boysen (1990). The essence of this task is that a subject is confronted

by two (human) informants. One of these informants, in a manner that is

made obvious to the subject, has knowledge of where something desirable

to the subject is located. For example, this person may have watched while a

third person placed a treat underneath an upturned container. This person is

termed the “Knower.” The other person, known as the “Guesser,” did not

see where the treat was located—and her ignorance is also communicated to

the subject. For example, in Povinelli et al.’s original experiment, a chim-

panzee was allowed to watch while one person hid a treat under an upturned

container in the presence of two other people. The chimpanzee was unable

to see which container had been baited because a screen was placed in the

way to obscure its vision. However, the chimpanzee could clearly see that

there were two other people in the experimental room, one of whom (the

Guesser) had a bucket over his head and thus—like the chimpanzee itself—

could not know which container had been baited; but the other human in

the room had unobscured vision of which container had been baited. Once

this scenario had been set up with one of the containers baited, the Guesser

and the Knower each pointed at one container and the chimpanzee was

given the opportunity to select a container and given the contents if it

selected appropriately. Chimpanzees performed only at a very poor level

on this task even after over one hundred trials (Povinelli et al., 1990).

In the first test of dogs’ capacities of this kind, Cooper et al. (2003)

reported briefly (as part of a survey of several tasks) that 14 of 15 dogs chose

the Knower on the first trial, however, on subsequent trials performance
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quickly fell to chance. Maginnity and Grace (2014) replicated this experi-

ment and reported findings from 16 dogs which were allowed to watch

while one experimenter (the Knower) baited one of four containers. The

presence of a barrier made it impossible for the dog to see which container

the Knower had baited, but the dog could see that baiting had taken place.

With baiting completed, the Knower removed the screen so the dog could

now clearly see the four containers and the Guesser joined the Knower in

the room. After a brief delay, both Guesser and Knower pointed and gazed

toward one of the containers. The Knower indicated the container she had

previously baited: The Guesser pointed at one of the unbaited containers. If

the dog chose correctly, it received the food reward and verbal praise: incor-

rect responses led to the owner calling the dog back to a starting position

and the next trial. Further conditions explored the impact of having the

Guesser present but not handling the food while the baiting occurred.

Generally, the dogs chose above chance but were less successful when the

Knower did not handle the food. Maginnity and Grace were careful to point

out that the dogs could have learnt an associative rule such as “Choose the

container that is pointed at by the person whose eyes looked at the container

during baiting” (p. 1390). Given, as they note, pet dogs’ extensive experi-

ence observing people preparing food for their consumption, it is quite

plausible that dogs may have detected relationships between people gazing

toward food and then indicating its location by gesturing.

Catala, Mang, Wallis, and Huber (2017) replicated Maginnity and

Grace’s (2014) study and compared dogs’ performance under three condi-

tions. In the Guesser Absent condition the Guesser was not present while

the container was baited. In the Guesser Looked Away condition, the

Guesser was present during baiting but gazed ostentatiously in a different

direction from where the baiting took place. In a third, control, condition,

the “Guesser” was present during baiting, looked ostentatiously at the

baiting operation, but then pointed at an unbaited container (and thus was

not so much “guessing” as willfully misdirecting). Dogs’ performance was

above chance in the two experimental conditions (Guesser Looked Away

and Guesser Absent), but performance in the control “Guesser” Present con-

dition was also close to significantly above chance (p ¼0.064) and not very

different from performance in the Guesser Looked Away condition (means

61.7% and 56.2% respectively—no statistical comparison was reported).

Catala et al. noted that: “The dogs’ confidence in the informant who was

in the position to see the relevant event (food hiding) might possibly emerge

from an awareness of the superior knowledge state of the Knower over the
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Guesser, but a more parsimonious explanation of this behaviour is in terms of

generalization from similar situations in everyday life (Udell et al., 2011). Pet

dogs may have experienced reinforcement in similar, but not identical

situations.” (p. 588).

Johnston et al. (2018) carried out a partial replication and extension of the

studies of Maginnity and Grace (2014) and Catala et al. (2017). In this study

only two containers were used and the performance of dogs in choosing

between containers indicated by an informed (Knower) and uninformed

(Guesser) individual was compared under conditions in which the two peo-

ple indicated their choices by pointing, by placing a block colored to match

the two people’s shirts (red and blue—which may not be very discriminable

colors for dogs: Siniscalchi, d’Ingeo, Fornelli, & Quaranta, 2017), or by

grasping the container to indicate their choice. Johnston et al. noted that

the dogs chose the baited cup at above chance levels only in control condi-

tions in which they were allowed to see the cup being baited with food.

When the screen was in place so that the dogs did not have direct visual

access to the baiting action, the dogs chose at random between containers

indicated by the Guesser and Knower, no matter what form the informants’

indications took.

The complexity of the Guesser-Knower task makes interpretation of

findings difficult. It does not appear, overall, that dogs—even pet dogs living

in human homes – have any exceptional capacity to interpret the implica-

tions of a human seeing or not seeing baiting actions being carried out, and

the limited evidence of some success in certain conditions of some of the

studies in the literature may well relate, as Catala et al. (2017) noted, from

the dogs’ particular experiences around people preparing and providing food

to them.

2.1.2.3 Imitation
The ability to imitate the actions of another individual is a more complex

form of understanding the implications of what one sees, and true imitation

is considered a form of theory of mind understanding (Heyes, 1994). True

imitation must be distinguished from observers simply having their attention

drawn to an object or location (stimulus or local enhancement, respectively),

or showing emulation rather than imitation (meaning that the animal learns

about the outcome of the action rather than repeating the course of action

itself: Wynne & Udell, 2020).

In an early report of a limited from of imitation in a dog, Topál, Byrne,

et al. (2006) described one service dog that had been trained by his owners to
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repeat nine previously trained actions on a specific command, “Do it!” The

owner would carry out one of the previously trained actions, say “Do it!” to

the dog, and the dog would be expected to repeat the demonstrated action.

Topál et al. found the dog to be successful with an average accuracy of

72% when the commands were demonstrated by the owner. The dog

achieved a similar level of accuracy on four of the nine commands with

an unfamiliar demonstrator (the remaining five were either not attempted

or not reported). Topál et al. proceeded to ask the owners to demonstrate

moving a bottle to a new location and then asking the dog to “Do it!”—an

apparently completely novel task for the dog. Here the dog was completely

successful in repeating the demonstrated action in all details in 16 out of

60 cases. A further six cases were “close” to the correct response. Since there

were five possible bottles that could be moved to any one of five possible

target locations and thus 6�5¼30 possible movement sequences these

performance levels were above chance.

Huber et al. (2009) also reported on a single pet dog that had been trained

to match its behavior to one of eight demonstrated actions on the command,

“Do it!”When tested with actions that were novel but contained previously

trained elements the dog was also usually accurate, but the errors it made

consisted of carrying out other trained actions—suggesting problems in

memory, such as interference. When given completely novel actions to

imitate the dog never succeeded on the first attempt.

Fugazza and Miklósi (2014) extended the use of the Do-as-I-Do para-

digm in dogs to retention intervals of up to one and a half minutes, more

trained behaviors (20), and a larger group (8) of dogs. They also introduced

two-action tests. Two-action tests are important because they control for the

possibility that the dogs are not truly imitating the human demonstrator, but

instead are showing stimulus or local enhancement or emulation.

Fugazza and Miklósi (2014) only presented two forms of the two-action

control test. In one, the human demonstrator either looked inside a box or

touched it with the hand. Both actions had the same null outcome, the box

was unchanged by the interaction. In the other two-action test, the demon-

strator either walked around a tube (which had no effect) or knocked it over.

Performance was generally at a very high level, significantly above chance, in

all conditions. However, the fact that one of the actions in this two-action

test had no outcome reduces the interest in the result since no outcome can

be achieved in an unlimited number of ways. Fugazza, Pogány, and Miklósi

(2016) further examined dogs’ performance in the two-action control
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procedure and found the dogs generally matched the human action at a high

level though performance was negatively impacted by a spatial bias when

objects were displaced.

Further two-action tests using the Do-as-I-Domethod were reported by

Fugazza, Petro, Miklósi, and Pogány (2019). In these tests, the human dem-

onstrator opened an apparatus. Dogs were more likely to use their paws

(which was considered imitation of the human’s hand/arm movement) if

there was no outcome than if there was a goal (in which case they used their

mouths). Fugazza et al. interpret these findings as indicating that when

the dogs could observe the goal this overshadowed what they had observed

of the human’s actions, whereas when there was no goal they remembered

and imitated the person’s action more precisely. This interpretation of the

findings depends on assumptions about what part of a dog’s body is analo-

gous to a human hand and arm and also what kinds of outcomes might

overshadow memory for what other kinds of actions.

Do-as-I-Do is not the only method that has been used to assess imitation

in dogs. Kubinyi, Topal, Miklósi, and Csanyi (2003) had pet dogs observe a

human demonstrator push a lever either left or right to release a ball from a

box. This experimental design, known as the bidirectional procedure, is

attractive because the observer sees how a demonstrator operates a single

manipulandum in one of two possible ways (Heyes & Dawson, 1990).

This controls for any facilitation toward the manipulated object created

by seeing a demonstrator interact with it. When the observer dogs were

given an opportunity to operate the lever themselves, although dogs in

the experimental groups were more likely to contact the lever than dogs

in control groups who had not seen the owner operate it, they were not

more likely to push the lever in the direction demonstrated to them.

Thus the study did not provide evidence for imitation in dogs.

Range et al. (2007) developed a form of two-action task with another

dog, rather than a human, as the demonstrator. The demonstrator dog

was trained on command to depress a hanging rod by pushing down on

it with a paw (in control tests there was a strong preference among dogs

to use their mouth to operate this rod but use of the mouth was never

demonstrated). Observer dogs watched the demonstration 10 times and

were then given the opportunity to operate the apparatus themselves.

An additional interesting complexity was that in some cases the observer

had a ball in its mouth, but in other demonstrations the observer’s mouth

was empty.
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When observer dogs were given the opportunity to operate the mecha-

nism themselves, these dogs (all of whom had seen the demonstrator use its

paw) were only inclined to imitate the demonstrator and use their paws if the

demonstrator’s mouthwas empty. If the demonstratorwas carrying a ball in its

mouth, the observers were less likely to imitate. Range et al. interpreted this

finding as implying that the dogs not only engaged in true imitation (because

they used a less preferred way of operating the apparatus when that was dem-

onstrated to them), but they also showed selective imitation by only copying

the demonstration in the condition where the demonstrated actions were not

justified by a visible condition (the ball in the demonstrator’s mouth). This

latter findingwould be important because it would indicate an additional level

of theory of mind in the observing dogs—that they are taking account of the

demonstrator’s available actions before choosing to imitate or not.

This finding has been challenged because it breaks with established pro-

cedures in this field by only demonstrating one of the two possible actions

(no observers ever saw the demonstrator use its mouth) and the observers

had been pretrained to operate the rod—both with their paws and their

mouths (Kaminski et al., 2011). This is particularly noteworthy because

the novelty of the behavior expressed by an observer is considered a defining

characteristic of true imitation (e.g., Heyes, 1994).

A subsequent attempt by Kaminski et al. (2011) to replicate Range et al.’s

(2007) finding by assessing whether dogs would selectively adjust their behav-

ior to take account of the “rationality” of the demonstrator’s actions (such as

using a hand when the mouth is full, or a leg when the hands were full) did not

replicate Range et al.’s findings and concluded that, although dogs closely

monitor demonstrator’s actions, they likely do not take the rationality of the

demonstrator’s behavior into account when choosing to mirror what others

do. These findings remain controversial (Huber, Range, & Virányi, 2012).

Similarly, Mersmann, Tomasello, Call, Kaminski, and Taborsky (2011)

found that dogs were not more likely to walk around an obstacle in the same

direction as a human demonstrator, nor was their ability to solve an instru-

mental problem (a puzzle box which could be opened in two different ways)

improved by watching a skillful demonstrator—whether that individual

was human or dog. Mersmann et al. concluded that the benefits to observers

of seeing demonstrators complete actions were more likely stimulus and

local enhancement than true imitation. Similar conclusions were drawn

by Tennie et al. (2009).
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Miller et al. (2009) reported greater success in observing true imitation in

pet dogs using a bidirectional control procedure and a dog as the demonstra-

tor. In all conditions each observer dog watched as a screen moved either left

or right to obtain food from an experimenter. In control conditions the

screen was moved by the experimenter behind the apparatus in such a

way that the observer dog could not see the means by which the screen

was made to move. In experimental conditions, a trained demonstrator

dog pushed the screen either left or right. In additional conditions a human

demonstrator moved the screen in view of the observing dog. The observer

dogs were more likely to push the screen in the direction demonstrated if the

demonstrator was another dog than a human and both demonstrators

evoked greater levels of imitation in the observer dogs than when the screen

moved without a visible operator.

Evidence for imitation in dogs remains unclear—especially in the

best-controlled paradigms like the bidirectional control procedure, which

controls for other possible interpretations such as stimulus or local enhance-

ment and emulation. In any case, species uniqueness for dogs is not claimed

in this domain. True imitation has been shown in a range of species including

birds (pigeons: Epstein, 1984; Kaiser, Zentall, & Galef, 1997; quail: Akins &

Zentall, 1999; Dorrance & Zentall, 2001; Budgerigars, Mui, Haselgrove,

Pearce, & Heyes, 2008; Parrots, Moore, 1992; see Zentall, 2006, for a review),

rats (Heyes, Jaldow, & Dawson, 1994; Heyes, Jaldow, Nokes, & Dawson,

1994; Mitchell, Heyes, Gardner, & Dawson, 1999); primates (Bugnyar &

Huber, 1997; Call, Carpenter, & Tomasello, 2005; Custance, Whiten, &

Bard, 1995; Ferrari et al., 2006; Hayes & Hayes, 1952; Myowa-

Yamakoshi & Matsuzawa, 1999, 2000; Russon & Galdikas, 1993; Stoinski &

Whiten, 2003; Subiaul, Cantlon, Holloway, & Terrace, 2004; Voelkl &

Huber, 2000, 2007; Whiten & Custance, 1996) Cetaceans (Whales, Panova

& Agafonov, 2017; dolphins, Richards, Wolz, & Herman, 1984; Jaakkola,

Guarino, & Rodriguez, 2010—for a review Rendell & Whitehead, 2001)

see Zentall (2013) for a review. Most pertinently to the present discussion,

imitation has also been reported in wolves (Range &Virányi, 2014) and thus

cannot be considered part of any domestication adaptation package.

It is also worth noting that imitation is not an important aspect of train-

ing dogs. Dogs in close relationship with people are not noted for their

tendency or ability to imitate human actions. Working dogs, for example,

are not typically trained by having a human demonstrate the desired
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behavior (be that herding or guarding livestock, using the nose to detect

contraband or explosives, guiding blind people across streets while wearing

a harness, etc.).

2.1.2.4 Critique of human-like social cognition hypothesis
The claim that dogs possess human-like forms of social cognition that are

unique among nonhuman animals has been empirically refuted. In the case

of following human gestures and gaze, individuals from 38 different animal

species have been demonstrated to have at least some capacity of this type.

True imitation has been more readily demonstrated in several species of bird

than in dogs where findings remain controversial.

The more complex forms of theory of mind awareness such as demon-

strated in the Guesser-Knower studies have produced only constrained evi-

dence of success in dogs and they have not been matched by comparison

studies in wild canids without which claims of exceptional skill in dogs

are without content. The results of studies in great apes are as controversial

as those in dogs.

In studies where putatively unique social-cognitive skills are being tested

for in dogs, the animal subjects are being expected to attend to and compre-

hend the implications of human visual access. In almost every case, these have

been pet dogs living in human households. To compare the behavior of

these animals, who by the time they are 1 year old have probably spent over

4000h within 2m of a human with laboratory reared animals is not a viable

method to draw phylogenetic comparisons.

Rather than view the cognitive performance of a few dozen first-world

pets as indicative of innate abilities of the subspeciesCanis lupus familiaris, it is

surely at least as likely that the results obtained are specific to the life expe-

riences of the particular subjects under test. At a minimum, some effort to

test dogs with diverse life experiences is essential before concluding that a

skill is even widespread in dogs—never mind indicative of phylogenetic

significance.

2.2 Social ecology and behavioral development of dogs
While the possibility of behavioral adaptations in the cognitive domain has

attracted a great deal of research effort over the last 20 years which has in turn

led to vibrant controversy, there are many behavioral adaptations in other

domains which have been studied for much longer and about which there

is considerably less controversy. These are adaptations in the domains of

social and foraging ecology as well as behavioral development.
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2.2.1 Reproductive behavior
Lord et al. (2013) reviewed the reproductive behavior of dogs in the context

of the other members of the genus Canis. Unlike wolves and other wild

canids which generally do not reproduce until their second year of life, both

male and female dogs are reproductively active already in their first life year

(Boitani & Ciucci, 1995; Ghosh, Choudhuri, & Pal, 1984; Lord et al., 2013;

Wandeler, Matter, Kappeler, & Budde, 1993).

Again, unlike wolves, free-living dogs do not form pair bonds. Although

most female dogs are not technically promiscuous, they typically mate with a

number of males while in estrus (Cafazzo et al., 2014; Pal, Ghosh, & Roy,

1999). Males do not commonly guard females during estrus or stay with

them during pregnancy and birth (though see Pal, 2005, for some evidence

of paternal guarding of mothers and litters). Females reproduce every

7 months on average (Boitani, Ciucci, & Ortolani, 2007; Macdonald &

Carr, 1995) and males are continuously reproductively active (Gipson,

Gipson, & Sealander, 1975; Haase, 2000; Lord et al., 2013).

Female dogs give birth to a litter of pups ranging in number from 3.5 to

7.0 (in purebreds, Borge, Tønnessen, Nødtvedt, & Indrebø, 2011: only lim-

ited data are available from free-ranging dogs. Pal recorded a mean litter size

of 5.83 (�1.57) from six pregnancies in Katwa town, West Bengal, India—

not all of whom need have the same father (Hollinshead, Ontiveros, Burns,

Magee, & Hanlon, 2020). Mothers have sole responsibility for the pups and

nurse them for around 5–11 weeks (Martins, 1949; Pal, 2005, 2008; Scott &

Fuller, 1974). At the end of that period the pups are entirely on their own.

There is no paternal care or support from young of earlier litters (Bonanni &

Cafazzo, 2014; Martins, 1949; Mech & Boitani, 2003; Pal, 2008) though

there are sporadic reports of paternal care including regurgitation (Malm,

1995; Pal, 2005; Paul, Sen Majumder, & Bhadra, 2014) and play and pro-

tection (Pal, 2005; Paul et al., 2014) as well as allonursing from other females

denning in the same location at the same time (Daniels & Bekoff, 1989a; Pal,

2005; Paul et al., 2014).

Females enter estrus approximately every 7 months starting in the first

year of life. Reproduction is not typically seasonal (Boitani et al., 2007;

Engle, 1946; Gipson et al., 1975; Lord et al., 2013), though it can be res-

ponsive to seasonal resource availability, as in India where mating takes place

from October to March so that pups are born in the late monsoon season

and winter (Chawla & Reece, 2002; Oppenheimer & Oppenheimer, 1975;

Pal, 2001, 2008). In general, however, unlike wild canids who hunt live prey,

the food source of dogs does not in occur in seasonal pulses because humans

discard waste uniformly over the year (Coppinger & Coppinger, 2001).
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This pattern of reproductive behavior contrasts quite starkly with wolves

who do not usually start reproducing until their second year of life at the

earliest and form potentially life-long pair bonds. They are typically monog-

amous (Kleiman & Eisenberg, 1973;Macdonald &Moehlman, 1982;Mech,

1970) which is otherwise rare in mammals (Kleiman &Malcolm, 1981) and

fathers provision mothers while they are nursing and then continue to sup-

port their young by regurgitation—as do siblings from the prior season or

two. Reproduction is strictly seasonal with mating in December through

March and pups born inMarch through June (with variation due to latitude:

Haase, 2000; Mech, 2002; Rausch, 1967).

Unlike wolf pups who staywith their parental pack for 2 or 3 years (Mech,

1981; Peterson, Woolington, & Bailey, 1984; Rausch, 1967), dog pups are

rejected by their mother around 11 weeks of age at weaning (Pal, 2005).

Pups start foraging around 8 weeks of age by following their mothers to food

sources. They may also beg for food from people but are less effective than

adult dogs in obtaining food during the weaning and post-nursing stages of

life (Lord et al., 2013; Macdonald & Carr, 1995; Pal, 2008).

First year pup survival is reported as low as 5% or less from Boitani,

Francisci, Ciucci, and Andreoli (1995) in central Italy and Beck (1973) in

Baltimore, MD. Paul, Sen Majumder, Sau, Nandi, and Bhadra (2016)

reported 19% survival in free-ranging dogs in India (with nearly two thirds

of mortality being human influenced). Bonanni and Cafazzo (2014) reported

a much higher 50% survival to 1 year in a suburb of Rome, Italy.

The radically different reproductive behavior of dogs compared to

wolves is clearly related to their different foraging ecologies (Marshall-

Pescini, Schwarz, Kostelnik, Virányi, & Range, 2017). Wolves primarily

hunt live prey—ungulates that are typically larger than they are and that

can be successfully captured and killed only by the coordinated action of

a group of adults (Mech, 1981). Although the coordination required of a

wolf pack may not be as cognitively demanding as has been assumed

(Muro, Escobedo, Spector, & Coppinger, 2011), it is still a necessarily social

and cooperative activity. The result of a successful wolf hunt is a quantity of

meat greater than one wolf could consume on its own, and since the other

individuals in its pack are its kin it would not be in the dominant individual’s

interest to attempt to prevent other pack members from feeding (Mech,

1970). Dogs, on the other hand, live in human proximity (Coppinger &

Coppinger, 2001; Sen Majumder, Paul, Sau, & Bhadra, 2016) where they

forage on human waste, including feces—a foraging style that typically does

not depend on coordination with conspecifics (Atickem, Bekele, &

Williams, 2010; Butler & du Toit, 2002; Vanak & Gompper, 2009).

118 Clive D.L. Wynne



2.2.2 Flight distance
Another behavioral difference between dogs and wolves that is clearly

related to the different feeding ecologies of the two subspecies is flight

distance. Flight distance is simply the linear distance at which an animal inter-

rupts ongoing activity as a response to the approach of a potential predator—

including human. The flight distance of wolves scavenging on trash dumps

in Scandinavia to human approach has been estimated at around 200m

(Karlsson, Eriksson, & Liberg, 2007). Daily experience around pet dogs sug-

gests that flight distance for dogs is highly variable. Many pets will allow even

unfamiliar people to approach and touch them, implying a flight distance of

zero. Free-ranging dogs around villages in rural Ethiopia had flight distances

around 5m (Ortolani, Vernooij, & Coppinger, 2009). Bonanni & Cafazzo

(2014) in a study of free-roaming dogs in a suburb of Rome, Italy, reported

that the dogs they studied typically showed fear reactions toward approaching

people. Even after 2–3 months of habituation experimenters had to observe

from 20 to 50m distance.

This reduction in flight distance in dogs is likely an adaptation to foraging

by scavenging on human trash as it increases the time a dog—compared to a

wild canid—will spend foraging near human beings.

Where there is so much dispute over subtle potential differences in

behavior between dogs and wolves on cognitive tests it is remarkable that

the large, clear-cut, and uncontroversial differences in reproductive and

foraging behavior between wolves and dogs are not more often discussed

and taken into consideration when formulating accounts of the success of

dogs in the modern world. This seems to be a consequence of a generally

anthropocentric, and sometimes frankly anthropomorphic, approach to

dog behavior and cognition where human-like qualities are considered

more important than aspects of behavior that are more strongly related to

canine niches.

2.2.3 Behavioral development
In the most recent thorough comparison of sensory development in dogs

and wolves, Lord (2013) concluded that sensory development in these

two subspecies is similar, with olfaction developing by the second week

of life, audition by Week 4 and vision by Week 6. Behavioral development

has a different timeline, however. Wolf pups are already exploring their

environment at 2 weeks of age (Frank & Frank, 1982; Packard, 2003)

whereas dog pups do not actively approach and investigate objects until

4 weeks (Fox, 1964; Rheingold, 1963; Scott & Fuller, 1974). The implication
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of the similarity of sensory development in dogs and wolves observed by Lord

(2013), combined with the difference in age of first mobility and exploration

found in several prior studies, is that wolves discover their environments

while still largely blind and deaf, whereas dogs do not explore until their ears

and eyes are functional.

Lord (2013) suggests that this has implications for the critical period

for social imprinting in dogs. The critical period for social imprinting is a

time-limited phase early in an individual’s life when it learns what kinds

of beings to seek for social relationships throughout life. This process is cru-

cial for the development of species identification (Hess, 1959; Lorenz, 1937;

Scott & Fuller, 1974) and exposure to other species during this period can

result in inter-species socialization (Scott & Fuller, 1974), which is crucial for

dogs to form relationships with humans—in other words, to be tamed.

The critical period for social imprinting starts with the ability to explore

(Hess, 1959; Scott & Marston, 1950) and ends with the onset of fear toward

novel stimuli which then inhibits further exploration (Freedman, King, &

Elliot, 1961; Hess, 1959; Scott & Fuller, 1974; Scott & Marston, 1950).

No direct study of the duration of the critical period for social imprinting

appears to have been carried out in wolves, but accounts of attempts to

hand-rear wolves, as well as observations of the onset of fear toward novel

stimuli in wolf pups, are taken to imply that this period starts around 2–3
weeks of age and is complete 4 weeks later (Klinghammer & Goodmann,

1987; Woolpy & Ginsburg, 1967; Zimen, 1987). The only direct study

of the duration of the critical period for social imprinting in dogs concluded

that dogs remain sensitive for at least 9 weeks of age (Freedman et al., 1961;

also reported in Scott & Fuller, 1974).

Lord (2013) noted that the fact that dogs do not start exploring until

4 weeks of age implies that they have all of their senses available to them

at the onset of the critical period for social imprinting, whereas when wolves

begin to explore at 2 weeks, only olfaction is fully functional. On the basis of

her sensory data, which indicates dogs show initial fear responses at 8 weeks,

compared to wolves’ initial fear responses becoming apparent at 6 weeks of

age, Lord argued that the critical period for social imprinting in dogs and

wolves has the same duration, it is just 2 weeks later in dogs than wolves.

The crucial difference between the subspecies then lies in the higher level

of sensory development in dogs than wolves during this period.

Clearly the critical period for social imprinting is crucial to how it is

possible that many dogs and a tiny number of wolves have formed social

relationships with human beings. Changes in this process must contribute
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to why it is so much easier to tame dogs than wolves. And yet the scientific

understanding of this process in these two closely-related but behaviorally

diverse canids is still weak. There is only one direct study on social imprint-

ing in dogs, and none at all in wolves. In the sole study of dog imprinting,

Freedman et al., 1961, also reported in Scott and Fuller (1974), reported that

dogs that were not exposed to human contact until 14 weeks of age—

compared to dogs so exposed at 9 weeks of age (no group was exposed at

any point intermediate between nine and 14 weeks), behaved toward

people, “…like little wild animals and could be tamed only in the way in

which wild animals are usually tamed, by keeping them confined so that they

could not run away and feeding them only by hand, so that they were con-

tinually forced into close human contact.” (Scott & Fuller, 1974 p. 105). The

vagueness of this comment is deeply frustrating. If Scott and Fuller meant to

imply that, even though the critical period for social imprinting had passed

these dogs were nonetheless tamable, albeit with some extra effort, then

this would undermine the widely-accepted identification of social imprint-

ing with “taming” (e.g., Coppinger & Coppinger, 2001). Unfortunately, all

authors of this study are deceased and no comparable study has been

reported since.

2.3 Social relationships
The above discussion of social development indicates that this is a domain

where there has been significant evolution from wolf to dog. In this section

we focus in on the question of social relationships in dogs.

2.3.1 Inter-species relationships
Even the most casual observation of dogs makes clear that they are remark-

able for their willingness to form social relationships with members of

other species; from the ubiquitousness of “man’s best friend,” (Voltaire,

1764/1824) to the rancher’s dog guarding livestock to whom it is socially

attached (Coppinger & Coppinger, 2014). This has been studied extensively

in forms of attachment tests originally developed for the analysis of mother-

infant relationships in the human species.

2.3.1.1 Attachment tests
Many dog owners report that they perceive their pets as family or friends

(e.g., Archer, 1997; Barker & Barker, 1988; Serpell, 2004; Voith, 1985),

and several studies have attempted to measure the strength and intimacy

of that relationship. One widely deployed test of emotional connection
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or attachment is modeled on the Strange Situation Procedure from human

developmental psychology which was developed from Bowlby’s (1958)

theorizing about mother-infant bonds by Ainsworth and Bell (1970).

Ainsworth (1989) defined “attachment” as an affectional bond which is a

“relatively long-lasting tie” (p. 711) that may exist between parents and chil-

dren, in sexual pair bonds, and among friends. It is characterized by “a need

to maintain proximity, distress upon inexplicable separation, pleasure or joy

on reunion, and grief at loss.” In addition there is, in secure attachments,

“security and comfort… and yet the ability to move off from the secure base

provided by the partner.” (p. 711).

The Strange Situation Procedure (SSP) was developed to mimic the mild

social stressors of everyday life where a child may become separated from a

caregiver but soon reunited (Ainsworth & Bell, 1970). Briefly, a child, typ-

ically under 2 years of age, is given an opportunity to explore a novel room

in the company of his mother, a stranger enters the room and the mother

sneaks away. A few minutes later the mother returns and comforts the child

before leaving with the stranger so that the child is completely alone. After a

few more minutes the stranger returns followed finally by the mother.1

Primarily two aspects of the child’s behavior are used to assess the nature

of attachment to the mother: First how much he explores when the mother

leaves him with the stranger; second how he responds to the mother’s return

(Ainsworth, Blehar, Waters, & Wall, 1978). Securely-attached children are

identified by their willingness to explore in their mother’s presence, distress

when she leaves and happiness on her return, combined with a readiness to

be comforted quickly by the mother. Children who respond differently can

be categorized in several ways depending on their response to the stranger

and the reunion with the mother.

Starting with Topál, Miklósi, Csányi, and Dóka (1998) several studies

have looked at the behavior of pet dogs in the SSP. Unfortunately, as

Rehn, McGowan, and Keeling (2013) point out, most studies on dogs have

coded behavior rather differently from the recording of human behavior in

the same test. Whereas studies on children, as noted above, code the nature

of the child-caregiver attachment relationship into one of a small set of

categories, most dog studies (with notable exceptions including Rehn

et al., 2013; Topál et al., 1998; Thielke & Udell, 2019, 2020; Wanser,

1 I have used male and female pronouns here to clarify the roles: both male and female children are rou-

tinely tested; fathers are less commonly tested than mothers, but the procedure can be used with both

parents as well as other caregivers.
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Simpson, MacDonald, & Udell, 2020; Wanser & Udell, 2019) have

simply noted the presence or absence of attachment as identified by marked

differences in the dogs’ behavior toward its owner and the stranger (e.g.,

Mariti, Carlone, Ricci, Sighieri, & Gazzano, 2014; Mongillo et al., 2013).

Nonetheless, there is now abundant evidence that adult dogs living in human

homes react to their owner in the SSP in a manner comparable to that of

securely-attached children toward their caregivers.

Gácsi, Topál, Miklósi, Dóka, and Csányi (2001) used the SSP to show

that dogs living in an impoverished shelter environment showed signs of

attachment toward a person after having just been handled three times for

10min. This is similar to Feuerbacher andWynne’s (2017) finding that shel-

ter dogs given brief exposure (10min) to two unfamiliar people rapidly

developed an apparently arbitrary preference for one of the two people.

The complexity of the SSP brings with it some difficulties in interpre-

tation. For example, Rehn, Handlin, Uvn€as-Moberg, and Keeling (2014)

noted that the dog’s reaction to being reunited with the owner (equivalent

to the child’s reunion with his mother) depended on the owner’s behavior

when returning to the room where the dog had been left. If the person

ignored the dogwhen she returned, the dogs were less effusive in their greet-

ings than if the person responded with physical and verbal contact. Udell

et al. (2021), however, did not replicate this finding on a larger sample of

dogs and owners. In their study, there was no significant effect of the manner

of the owner’s return on the dog’s behavior.

The dog’s behavioral responses may also fail to correlate with the

owner’s self-reports of attachment to the dog. Rehn, Lindholm, Keeling,

and Forkman (2014) found that the dog’s attachment as measured in the

SSP did not reflect owner’s responses on a survey of their attachment to

the dog, though an association was found with the amount of time that

the human and dog interacted daily, which is consistent with Mariti

et al.’s (2011) finding that dogs expressed most intense attachment in the

SSP to the person who walked them most.

2.3.1.2 Other tests of dog-human social connectedness
Simpler tests also indicate dogs’ attachment to their owners. For example,

Horn, Huber, and Range (2013) studied pet dogs’ use of a person as a secure

base by presenting the dog with a manipulative task and comparing

how long it spent trying to solve the task either alone or with the owner

present in the room. They found that the dogs manipulated the task longer

with owner present than when alone. Gácsi, Maros, Sernkvist, Faragó, and
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Miklósi (2013) investigated the impact of owner presence on dogs’ response

to the approach of a threatening stranger. They found that heart rate vari-

ability, a measure of physiological stress, was higher when the dog was alone

when the stranger approached compared to when it had its owner with it.

Jakovcevic, Mustaca, and Bentosela (2012) introduced a simple test for

inter-species sociability in which an unfamiliar human sat on a chair inside a

1-m-radius circle and the latency and proportion of time a pet dog chose to

spend inside the circle was recorded. The person was passive for 2 min

followed by a 2-min period in which the person solicited contact with

the dog. Dogs that sought out more human contact were also found to gaze

more at a person in a separate test where food was in sight of the dog but out

of its reach.

2.3.1.3 Possible uniqueness of dog-human social connectedness
Taken together the tests discussed in preceding Sections 2.3.1.1 and 2.3.1.2

indicate that pet dogs show signs of attachment to the humans with whom

they live, and also that these emotional connections can develop remarkably

rapidly. In themselves, however, they do not demonstrate that attachment

to people is a unique characteristic of the dog-human relationship. Rather

few studies have looked for similar patterns of behavior in any other species.

The most interesting comparison is to dog’s wild ancestors, wolves. Gácsi

et al. (2005) compared the reactions of hand-reared wolf pups and dog

puppies at 3–5 weeks of age given a choice between their human caregiver

and either a nursing bottle, an unfamiliar adult dog, a familiar age-matched

dog, or an unfamiliar human experimenter. Although dogs displayed more

social behaviors toward the humans, the overall patterns of preference dif-

fered little, with both dogs and wolves preferring the familiar human in most

tests. The same population of wolves was tested on the SSP at 16 weeks of

age alongside an age-matched group of dogs (Topál et al., 2005). Topál et al.

concluded that the wolves, unlike dogs, did not show signs of attachment to

their human caregivers.

Hall, Lord, Arnold, Wynne, and Udell (2015) tested up to 10 wolf pups

on the SSP at 3, 5 and 7 weeks of age. The wolves showed clear differential

responses to their caregiver compared to a stranger, with strong effects on

reunion with the caregiver after separation. These findings are consistent

with the hypothesis that wolf pups can be securely attached to their human

caregivers. Comparison of Topál et al.’s (2005) findings with those of Hall

et al. raises the possibility that wolves may show attachment to a caregiver at

an early age but, possibly unlike dogs, this attachment may fade as the animal
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matures. A recent study, however, shows attachment to the handler in adult,

hand-reared wolves and thus indicates that for wolves in continuing human

contact attachment does not decline with age (Lenkei, Újváry, Bakos, &

Faragó, 2020) leaving Topál et al.’s results anomalous. One possible expla-

nation was proposed by Hall et al. They noted that Topál et al.’s wolves,

though initially hand-reared, had already been relocated to a wolf “farm”

between 2 and 4 months of age and thus their human interactions had been

substantially attenuated which may account for their lower levels of attach-

ment to human caregivers.

Bentosela, Wynne, D’Orazio, Elgier, and Udell (2016) compared

the performance of pet dogs and human-reared wolves on the simple test

instigated by Jakovcevic et al. (2012) in which a human sits on a chair

and the animal’s latency and duration of proximity to the person is measured.

In addition to the unfamiliar person used in Jakovcevic et al., Bentosela et al.

also measured the animals’ responsiveness to a familiar person in the chair. In

all conditions, dogs displayed strikingly more prolonged interest in the

human than did the hand-reared wolves. Dogs spent more time in proximity

to an unfamiliar individual than wolves did with a familiar one and dogs

showed effectively no latency to approach familiar or unfamiliar people.

In a rare use of the SSP with animals other than dogs or wolves,

Lundberg, Hartmann, and Roth (2020) found limited evidence for attach-

ment to humans for horses. The horses sought human proximity during the

reunion phase, but exploratory behavior was similar in the presence of the

owner and the stranger. Vitale and Udell (2019) tested cats in a simplified

SSP and reported that the majority of juvenile and adult pet cats showed

a secure attachment style—a pattern of results similar to that found in human

children and dogs.

Thus it would appear that secure-attachment-like behavior may not be

entirely unique to dogs, but the intensity seen in adult dogs appears to be

unlike anything observed in other species, particularly wolves.

2.3.2 Intraspecific relationships
Curiously, although there is considerable research into dogs’ social interest

in people, there is relatively little available research on social relationships

among dogs. The available findings indicate a quite different pattern of intra-

specific relations among dogs than are reported between dogs and human

caregivers. This creates a puzzle that needs more attention.

Separation of puppies from their mother leads to distress (Fredericson,

1952; Pettijohn, Wong, Ebert, & Scott, 1977) and yet, quite unlike the
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reports of adult dogs separated from their human caregivers in attachment

tests noted above, separation of two adult dogs that lived together in a kennel

had no detectable effect on their behavior (posture, movement, and vocal-

izations) or glucocorticoid stress hormones (Tuber, Sanders, Hennessy, &

Miller, 1996). Even when placed in a novel environment, the dogs’ behav-

ioral and endocrine responses were no different whether they were alone

or with their kennel mate. Only the presence of a human caretaker reduced

the response to this mild stressor and the dogs were more often seen solici-

ting social behavior from the human than from the kennel mate (Tuber

et al., 1996).

Mariti et al. (2014) tested pairs of dogs living together in the same house-

hold in the SSP with one dog in each dyad acting as the “caregiver” for the

other. The dogs showed fewer signs of stress toward the stranger when the

cohabitant dog was present, however, the dogs were less stressed in the pres-

ence of the stranger than when alone—which is not consistent with secure

attachment in humans. They also maintained more contact with the stranger

after reunion with her than toward their familiar dog partner. The studies of

Tuber et al. (1996) and Mariti et al. (2014) seem to indicate that dog-dog

affectional bonds are not as strong as those between dogs and humans.

Why this might be needs further investigation.

Free-ranging dogs in studies from various parts of the world show a

range of forms of social organization. It should be noted that these studies

are ethological in nature and involve passive observation of the animals,

quite unlike the experimental studies carried out on pets and other captive

dogs noted above. Several studies have reported dogs as typically solitary or

dyadic (in India: Sen Majumder et al., 2014; Zimbabwe, Butler, Du Toit, &

Bingham, 2004; Baltimore, MD: Beck, 1973; New York, NY: Rubin

& Beck, 1982; Berkeley, CA: Berman & Dunbar, 1983, Newark, NJ:

Daniels, 1983; Cd. Juarez, Mexico and Navajo reservation: AZ, Daniels &

Bekoff, 1989a; Daniels & Bekoff, 1989b; Ethiopia: Ortolani et al., 2009).

At the other extreme, at least one study has reported almost no (fewer than

1 in 1000) solitary animals (Italy: Bonanni & Cafazzo, 2014). Several studies

have reported group sizes in a range from 11 to 28 (Baltimore, MD: Beck,

1973; Alaska: Gipson, 1983; Italy: Macdonald & Carr, 2016; India: Sen

Majumder et al., 2014). Bonanni and Cafazzo (2014) studying dogs in a sub-

urb of Rome, Italy, found groups ranging from 6 to 27 members. Larger

groups can include multiple adult females depending on the availability

of food, the breeding status of females and season (Sen Majumder

et al., 2014).
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Living in groups may offer advantages in terms of protection against

threats. Free-ranging dogs in India have been reported to be bolder toward

people when they are in groups than solitary (Bhattacharjee, Sau, & Bhadra,

2020). Larger groups may also be able to hunt larger prey (Bhadra, 2014;

Butler et al., 2004; Vanak & Gompper, 2009).

Although some of the observed difference in group sizes may be due to

different assessment methods at different locations and times, it appears that

dog social structure is very flexible. Whether these differences are due to

genetic differences in populations of free-ranging dogs around the world,

or adjustment to different environmental conditions such as density of food

is presently unknown.

2.3.2.1 Dominance, cooperation and competition
The possibility of dominance in dog social groups (and mixed dog-human

groups) has become unnecessarily controversial in recent years as scholars

and professional associations have attempted to react to questionable forms

of animal interaction advocated by high profile trainers on television

(in particular “Dog Whisperer with Cesar Millan,” Sumner, 2004-2016).

In reacting to these trainers’ misapplication of the term “dominance,” sev-

eral authors have attempted to deny the relevance of dominance to dog

social behavior (e.g., American Veterinary Society of Animal Behavior,

2008; Bradshaw, Blackwell, & Casey, 2009; McGreevy, Starling,

Branson, Cobb, & Calnon, 2012; Yin, 2007). Dominance, however, does

not need to be a controversial concept. It is simply a tendency for certain

individuals to have somewhat consistent preferential access to constrained

resources (Dugatkin, 2020). The existence of dominance relationships does

not have to imply agonistic behavior, indeed, the function of dominance is

to limit conflict: “dominance relationships become established not because

higher ranking individuals reinforce their status by being aggressive or show-

ing formal dominance signals but because lower ranking individuals recog-

nize supremacy by showing formal submissive signals” (Schilder, Vinke, &

van der Borg, 2014, p. 186). Active conflict is most likely when perceived

asymmetries are small. Formal dominance and submissive signals (ritualized

behaviors which indicate recognition of higher and lower status respec-

tively) serve to reduce contests and antagonistic interactions.

Dominance in ethology is correctly identified as a property of relation-

ships between individuals, but since it depends on relatively stable qualities

of individual animals, contrary to the claims of Langbein and Puppe (2004),

Bradshaw et al. (2009) and others, relatively stable differences between
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individuals may contribute and influence dominance relationships. Thus

“submissiveness” has been recognized a trait in dog personality ( Jones &

Gosling, 2005) as has “leader/dominan[ce]” (Ákos, Beck, Nagy, Vicsek, &

Kubinyi, 2014). A similar trait of “boldness” was identified by Svartberg

(2005). It is particularly noteworthy that dominance-related temperament

traits have been identified even though current tests of dog temperament or

personality include little or no assessment of dog-to-dog social interactions

(e.g., Flack & De Waal, 2004; Svartberg & Forkman, 2002).

Hierarchical social structures and dominance signaling have been

observed in free-living dogs in Italy by Bonanni, Cafazzo, Valsecchi, and

Natoli (2010), Bonanni et al. (2017), Silk, Cant, Cafazzo, Natoli, and

McDonald (2019) and Cafazzo, Valsecchi, Bonanni, and Natoli (2010); in

Spain (Font, 1987) and India (Pal, Ghosh, & Roy, 1998; Sen Majumder

et al., 2014); at a U.S. dog day-care center (Trisko & Smuts, 2015); in group

housed dogs in the Netherlands (van der Borg, Schilder, Vinke, & de Vries,

2015) and in pet dogs playing at a dog park in the U.S.A. (Bauer &

Smuts, 2007).

In free-living dogs, dominant individuals are more likely to lead group

movements (Bonanni et al., 2010), and have higher copulatory access

(Cafazzo et al., 2014)—which is consistent with the concept of dominance

as applied to other species (e.g., Flack & De Waal, 2010).

Bauer and Smuts (2007) studied dogs playing together at a park and

reported that, although there were role reversals in behaviors including chas-

ing and tackling, even as roles were repeatedly swapped, some behaviors

never reversed, including mounts, muzzle bites, and muzzle licks, suggesting

they were stable indicators of dominance status.

Pal et al. (1999) as well as Pal (2003, 2005) concluded that free-ranging

dogs at their study site in India did not establish dominance hierarchies but

these studies relied mainly on aggressive interactions which may not be an

appropriate measure given that formal dominance signals may have served to

minimize agonistic interactions. Bonanni and Cafazzo (2014) reanalyzed

data from Pal et al. (1998) and concluded that these dogs showed highly

statistically significant linear hierarchies.

Boitani et al. (Boitani & Ciucci, 1995; Boitani et al., 2007: see also van

Kerkhove, 2004) have suggested that dog groups lack the hierarchical social

structure and strong bonds that are typical of wolf packs. This conclusionwas

partially driven by the presence of multiple breeding individuals in the

absence of a test of hierarchy (Bonanni et al., 2017). Cafazzo et al. (2010)

noted social hierarchies which influenced reproductive behavior even

though the overall mating system was promiscuous.
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Considering the wide range in group sizes that have been observed at

different sites, it seems possible that different patterns of social organization

may be present in different places and at different times. This could include

the possibility that not all dog groups may show dominance hierarchies.

Bradshaw et al. (2009) presented results from a group of neutered male dogs

in which no overall ranking could be found (though some behaviors

were consistent markers of dominant and subordinate relationships).

Schilder et al. (2014) point out, however, that this was a group of neutered

dogs of the same sex, with no resources to compete over and thus any dom-

inance hierarchy may have been greatly muted.

Two studies have thoroughly investigated social networks in groups of

dogs. van der Borg et al. (2015) studied formal dominance and submission

signals in a group of 16 dogs living in kennels studied during outdoor group

exercise and play opportunities. They identified several clear signals of

social ranking and, on an established scale of the degree of linearity of a

hierarchy which ranges from (1) despotic, through (2) tolerant, (3) relaxed

to (4) egalitarian (Flack &DeWaal, 2004), dogs were found to be “tolerant.”

This means that they had a moderately steep linear social hierarchy and

large asymmetries in postural signaling with mild to moderate aggression.

This places dogs in a similar position to several macaque species (e.g.,

Balasubramaniam et al., 2012). Silk et al. (2019) reported comparable results

from a group of 25–40 dogs ranging freely in a suburb of Rome, Italy. Silk

et al. found a sex and age-graded network of linear dominance in which

older and male animals were typically dominant over younger and female

ones. They found that networks of submission, ritualized dominance and

aggression were broadly consistent with each other.

That groups of dogs raised together show higher rates of aggression

toward each other than groups of similarly-raised wolves has been known

for some time (e.g., Feddersen-Petersen, 1991, 2007; Frank & Frank,

1982). In an interesting study with a surprising outcome, Feddersen-

Petersen (2004) raisedmixed packs of dogs (poodles) andwolves. At 4months

of age male poodles outranked age- and sex-matched wolves and obtained

preferential access to food and preferred locations. Feddersen-Petersen noted

that agonistic interactions appeared in dog groups earlier than in wolves

and persisted longer. The frequency of aggressive interactions in packs of

poodles during the first life year resembled that of jackals—which are solitary

in adulthood and thus have little need to learn to build social networks—

rather than wolves (Feddersen-Petersen, 1991).

Dogs have also been shown to have more severe social hierarchies

and dominance-related behaviors than wolves. For example, Dale,
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Quervel-Chaumette, Huber, Range, and Marshall-Pescini (2016) pres-

ented a carcass to groups of dogs and wolves which had been raised sim-

ilarly (human-socialized at an early age and living in captive same-species

groups). Subordinate wolves spent as much time feeding on the carcass as

more dominant individuals, but subordinate dogs stayed away from the

carcass which was then monopolized by more dominant individuals. In

a similarly simple but telling test, Range, Ritter, and Virányi (2015) offered

pairs of equivalently reared, group-living, human-socialized dogs and

wolves a food item that could either be shared or monopolized. In wolves,

dominant individuals tolerated subordinate animals cofeeding on the same

food resource. In dogs, on the other hand, subordinate animals were

seldom able to feed because the dominant individual monopolized the

available food.

This difference in dominance severity also shows in tests of cooperation

comparing dogs and wolves. For example, Marshall-Pescini et al. (2017)

compared the performance of similarly-raised group-living dogs and wolves

on a task which required each of two animals to pull strings simultaneously

for either of them to obtain a reward. Despite similar levels of engagement

and interest in the task, wolves outperformed dogs. Indeed, dogs were never

successful. These authors concluded that dogs’ and wolves’ different conflict

management strategies were responsible for the results.

Ostoji�c and Clayton (2014) reported success of pairs of pet dogs tested on
a string-pulling task similar to that used by Marshall-Pescini et al. (2017).

However, unlike the dogs tested by Marshall-Pescini et al., Ostoji�c and

Clayton’s animals received extensive pretraining and they also lived together

in human households where owners may often train dogs not to engage

in resource conflicts and thereby promote tolerance (Marshall-Pescini

et al., 2017).

Successful cooperation has been observed in dogs in a paradigm where

pairs of dogs could not both enter into a food area together. Br€auer et al.
(2013) and Br€auer, Stenglein, and Amici (2020) investigated a task in which

two openings were mounted in a transparent barrier. Only one of these

openings could be open at any one time and a human operator controlled

which was open by moving a sliding door. On the further side of the barrier

from the animals were bowls containing food. As a dog approached an open-

ing, the experimenter closed it, thereby revealing the other opening. Only

after the first dog had passed through did the experimenter move the open-

ing so that the other dog could enter the food-containing section of the

apparatus. Consequently, if both dogs approached one opening, they would
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never access food. The only way to get to the food was if the dogs each

approached a separate opening. Br€auer et al. (2013) found that dog dyads

were successful on this task, however, the animals did not monitor each

other’s behavior. In other words, the task was not cooperative sensu stricto

because each dog acted independently. Br€auer et al. (2020) compared the

performance of human-habituated wolves to that of pet dogs on this task

and did not find an overall effect of subspecies on successful task performance

or latency to task completion.

Unlike the string-pulling task reported by Marshall-Pescini et al. (2017)

where the steeper social hierarchy of dogs led to failure because the pairs of

dogs did not want to simultaneously approach the same food source, in

Br€auer et al. (2013), (2020), the subordinate dogs’ willingness to stay away

from the dominant animal rather paradoxically led to success on the task and

the appearance of cooperation. The successful outcome thus resulted from

two individuals striving to keep out of each other’s way.

Overall, the more intense social hierarchy of dogs compared to wolves

leads to low levels of cooperation in feeding tasks unless the dogs have been

trained or otherwise shaped by humans to act cooperatively.

2.3.2.2 Unsolvable and solvable tasks
Miklósi et al. (2003) offered two simple problems to both hand-reared juve-

nile wolves and dogs raised in human families. They were confronted by a

desirable food item trapped inside a container: in one condition, this was

a plastic bin with a lid screwed shut onto it; in the other, a piece of meat

attached to a rope inside a cage. First, each animal was exposed to the appa-

ratus with the food freely accessible (because the lid had not been attached to

the bin and the cage door had not been closed). Then the wolves and dogs

were exposed to the experimental condition with the container closed. In

the initial phase, no differences between the species were noted; however,

once the container was closed, the wolves continued to work on the prob-

lem, whereas the dogs reduced the amount of time they attempted to open

the container and instead gazed more at their nearby owner or caretaker.

Miklósi et al. interpreted these findings as indicating a “genetic predis-

position in dogs” for “’human-like’ communicative behaviors.” (p. 764).

However, the authors did not report any data on the success of the dogs

and wolves in opening the closed containers. Amore parsimonious interpre-

tation of their findings is that the wolves, with their more powerful jaws,

simply did not perceive the closed containers as impenetrable. From personal

observations of wolves interacting with objects at Wolf Park, IN, I would
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not expect an adult wolf to perceive a “commercial container for household

litter” (p. 765) to be something it could not break into. It is possible the

wolves did not look around at the nearby human because they simply did

not perceive the problem as one requiring human intervention (Marshall-

Pescini et al., 2017).

A test of kennel-reared dogs with limited human contact on this

task found that they were less likely to gaze at human than breed- and

age-matched pet dogs (D’Aniello & Scandurra, 2016). Dogs trained for

agility—a sport that requires intense coordination with humans—were

faster to look back at the owner than dogs trained for search and rescue—

a more independent activity (Marshall-Pescini, Valsecchi, Petak, Accorsi,

& Previde, 2009). Further, two studies on pet dogs found that gazing at

the owner increased with age (Konno, Romero, Inoue-Murayama, Saito,

& Hasegawa, 2016; Passalacqua et al., 2011). However, Brubaker and

Udell (2018) failed to find any difference in the tendency to persist on a solv-

able task between pet dogs and dogs trained for search and rescue, though

search and rescue dogs, when given encouragement, were more likely to

solve the task and less likely to look at their human when encouraged to solve

the task. These findings are all more consistent with the hypothesis that life

experience is crucial to an animal’s response to an unsolvable task than with

explanations building on inherited genetic factors.

Marshall-Pescini et al. (2017) performed an extended study on dogs’ and

wolves’ responses to unsolvable tasks by including free-ranging dogs (in

India) and carrying out more thorough analysis of the animals’ persistence

in attempting to open the containers. They found that persistence was a

key determinant of the tendency to look to a nearby human for assistance.

Although wolves gazed at the person less than any of the dog groups tested,

in an analysis only of animals that looked at the human at some point (which

was most of the dogs and four of 15 wolves), persistence was a major

predictor of latency to look back and there was no effect of subspecies.

Marshall-Pescini et al. drew particular attention to the readiness with which

the street dogs looked back at the nearby human when this person was not in

any sense the dogs, “human partner.” It seems unlikely that a dog living on

the streets would be expecting assistance in opening a food-containing box

from a nearby human. This points to the importance of considering a dog’s

ecology and living conditions when interpreting its behavior toward a

person.

Udell (2015) extended Miklósi et al.’s (2003) finding by presenting

hand-reared wolves, pet dogs, as well as dogs living in an animal shelter, with
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a fully solvable puzzle box. In this study, a piece of food was placed inside a

transparent plastic box with a thick piece of rope inserted in its lid for ease of

opening. Udell added two conditions to Miklósi et al.’s design. As well as a

condition with the owner or caregiver present, she included a condition

where the animals were left to attempt the puzzle box on their own. She

also included a condition for those animals that did not open the box in their

owner’s presence where the owner was instructed to provide vocal encour-

agement. Here, even though the container and its closure were designed to

be openable by both dogs and wolves, only 5% of dogs went ahead and

opened the container in the human-present conditions, compared to 80%

of wolves. Performance was mildly—but not statistically significantly—

improved when the animals were alone. Further, encouragement from

the owner/caregiver had a modest, albeit statistically significant, impact

on the unsuccessful dogs’ performance. These results provide some support

for the hypothesis that dogs have a greater readiness than wolves to gaze at a

nearby human to solicit assistance in solving problems. This readiness could

stem from genetic or experiential factors. This study does not entirely

address the question whether the dogs and wolves perceived the problem

as equally difficult. It is possible that, although the task in Udell (2015)

was amenable to solution by dogs just as by wolves, nonetheless, the dogs

still perceived it as more difficult and therefore were more inclined to solicit

human assistance.

Brubaker, Dasgupta, Bhattacharjee, Bhadra, and Udell (2017) compared

human-socialized wolves, pet dogs and Indian street dogs on Udell’s (2015)

solvable task. They also found that wolves were more likely to open the con-

tainer than dogs, and in addition observed that the free-living dogs looked

back at humans more than any other group of canids tested. This further

emphasizes the danger of assuming that dogs gaze at people in order to solicit

assistance or indeed in any communicative manner.

Bhattacharjee et al. (2017) also investigated free-living street dogs in

India on the solvable task developed by Udell (2015), but in addition they

exposed the dogs to a piece of chicken inside a closed transparent plastic

bag. This, they argued, was a familiar problem for a street dog, since they

commonly find food remnants in bags. Bhattacharjee et al. found that the

dogs were more successful on the familiar than the unfamiliar task and

showed negligible interest in soliciting assistance from a nearby experi-

menter in the familiar task condition. For the unfamiliar solvable task, the

dogs were more likely to not only look at the nearby person but explicitly

beg from him.
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Lazzaroni et al. (2019) compared free-ranging dogs (in Morocco), with

pet dogs and dogs living in captive packs on an impossible task. They found

that the free-ranging dogs were less persistent on the task than the other two

groups of dogs. They did not believe this was due to less experience around

similar objects but rather due to the free-ranging dogs having less experience

of human-mediated object interaction. In a subsequent study, Lazzaroni

et al. (2020) again compared free-ranging dogs in Morocco and pet dogs

on an impossible task. In this study, they added three new conditions to

the standard condition in which a human stands nearby. In one the dog

was left alone to attempt to get the food, in a second a “dummy” human

(a piece of cardboard shaped, colored, and sized to match a person) was

placed nearby, and in the third a large piece of cardboard, not shaped like

a human, was nearby. They found that pet dogs and free-ranging dogs

showed similar levels of persistence in the task across all four conditions.

However, pet dogs looked at the human more than did the free-ranging

dogs. Lazzaroni et al. (2020) concluded that the looking back is not a

problem-solving strategy but rather relates to the animals’ persistence, the

saliency of the stimuli offered and possibly also to the animals’ past experi-

ence of human- and object-mediated reinforcement.

These studies of dogs’ behavior when confronted with tasks in which

they attempt to obtain a piece of food while a human is close by are not easily

explained with an hypothesis that relies entirely on inherited tendencies to

seek human assistance. Rather there are several reasons why a dog might

look at a nearby human while it is foraging. One could certainly be an

expectation, which would not be surprising given the lives many dogs lead

with humans, that the person may facilitate access to the food. But other

possibilities include that the dog may be made anxious by the static proxim-

ity of a human being. This does not seem to have entered the peer-reviewed

literature, but I have seen street dogs in Moscow, Russia, and in Nassau,

Bahamas, who were unperturbed by hundreds of pedestrian commuters

passing them by, but if an observer stopped and observed a dog for more

than about a minute, the dog would get up and move away. Presumably,

a human attending to a dog without offering food or other friendly interac-

tion could be a possible danger to a street dog. In making cross (sub-) species

comparisons it is also important to keep in mind that the same physical

object may offer different affordances to diverse animals. A container that

is unequivocally unopenable for a dog, may not appear impossible to a

wolf—which could explain the wolf’s continued attempts to open where

a dog gives up and reverts to begging from a nearby human.
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3. Theories of dog social uniqueness

Having reviewed a wide range of studies of dogs’ social behavior I

now turn to theories of dog uniqueness that have attempted to incorporate

this aspect of dog behavior.

3.1 Theories of increased “friendliness” and decreased
aggression

Several authors have suggested that dogs were selected to bemore friendly and

less aggressive than their ancestors, wolves. This ideamay have originatedwith

Lorenz (1954) and more recent proposals along these lines include Hare and

colleagues’ “Survival of the friendliest” (Hare, 2017; Hare et al., 2002; Hare &

Tomasello, 2005; Hare, Wobber, & Wrangham, 2012) and “Emotional

Reactivity” hypotheses (Hare et al., 2002; Hare & Tomasello, 2005) as well

as the “Decreased emotional reactivity” thesis (Ostoji�c & Clayton, 2014) and

Miklósi and Topál’s (2013) “Inter-specific social competence” hypothesis.

These theses share the idea that selection for more friendly and less aggressive

individuals may have facilitated human-dog cooperative activity. Miklósi and

Topál (2013) proposed that “evolutionarily novel, inter-specific social com-

petence in dogs, … allowed for the establishment of a wide range of social

relationships with humans, ranging from a strictly working relationship to

being a family pet” (p. 290).

All proposals of this general form, however, are contradicted by the

abundant evidence that dogs are not more “friendly,” more socially compe-

tent, and less aggressive than wolves. Rather, as noted above, dogs in

intra-species interactions unsupervised by people show more, not less, ago-

nistic interactions than even closely-equivalently reared wolves. Dogs’ social

hierarchies are steeper than those of wolves. It is only in interaction with

humans that dogs appear more tractable. A successful theory of the unique-

ness of dogs’ social behavior will need to account not just for dogs’ relatively

low levels of aggression toward people, but also their higher levels of aggres-

sion among themselves. The hypothesis that dogs may have an evolved

capacity to recognize humans and adopt different patterns of social behavior

toward them by virtue simply of their species identity is surely ad hoc and

improbable given that mammals are not born recognizing even their own

species identity (Hess, 1973; Lorenz, 1937) and thus are highly unlikely

to have an inborn capacity to recognize another species.
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3.2 “Relaxed selection” theory
Several authors have proposed that dogs, by coming under human control,

have been exposed to relaxed natural selection and consequently their

tolerant and acquiescent behavior toward people should be viewed as a

consequence of human artificial selection (Boitani & Ciucci, 1995; Fox,

1978; Haase, 2000; Malm, 1995; Martins, 1949). This thesis is not viable

because most dogs are still subject to natural, not artificial, selection and

this could only have been more the case in the past than it is today. On

a global scale, estimates of the proportion of dogs that are under direct

human control are less than 30% of the total population of around 800 mil-

lion dogs (Rowan, 2020). Free-ranging dogs may be 80% of world’s dog

population: (Boitani & Ciucci, 1995; Hughes & Macdonald, 2013; Lord

et al., 2013). (Aside from the intrinsic uncertainty in estimates of this kind,

it is also the case that just because a dog is free-ranging does not necessarily

mean that it is not at least in part under human control). Even in the

United States, where the vast majority of dogs live as pets in human homes,

only around half of all matings are under human control (New et al., 2004).

On the assumption that this value for the United States is modal for pet

dogs around the world, then only around 15% (50% of 30%) of dog matings

are arranged by humans. Although there is likely some human intervention

in the form of postzygotic selection (i.e., culling of undesired offspring

before they reach reproductive viability, Coppinger & Coppinger,

2001), nonetheless it is clear that the vast majority of today’s dog popula-

tion (and surely larger portions of dogs historically) are subject to natural

rather than artificial selection. The direct, intentional, human impact on

dog evolution remains relatively modest and was probably quite minor

as recently as two centuries ago. Intense human selection for dogs is a mod-

ern phenomenon: most dog breeds are a product of the last 200 years

(Parker et al., 2017; Pemberton & Worboys, 2015; Ritvo, 1987, 2010;

Russell, 2018; Worboys, 2018; Worboys, Strange, & Pemberton, 2018).

The proportion of dogs registered as purebred in the US with the

American Kennel Club has been declining in recent decades. The total

number of dogs registered reached a minimum of 477,354 in 2014 though

it has increased to 587,691 in 2019 (Burgess, 2020). This represents less

than 1% of all dogs in the United States.
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3.3 Canine cooperation hypothesis
Range and Virányi (2015) argued that dogs’ willingness to cooperate with

humans is a consequence of wolves’ natural capacity for cooperation.

This corrects earlier theorizing that dogs are more socially tolerant and atten-

tive than wolves but does not explain how and why people and dogs readily

live in close cooperative inter-species groups and yet people and wolves

do not.

3.4 Social ecology hypothesis
Marshall-Pescini et al. (2017) proposed that the differences in social behav-

ior between dogs and wolves need to be understood in the context of adap-

tation to changed foraging ecology. As dogs experienced reduced need

to cooperate in foraging when they shifted from hunting live prey to scav-

enging on human refuse this led to a change from pair-bonding with

alloparental care to a more promiscuous mating system and mostly maternal

care of young. Although this hypothesis contextualizes dog reproductive

behavior within the subspecies’ foraging ecology, like the related Canine

Cooperation Hypothesis, it does not offer a behavioral mechanism for

how dogs are more sociable with humans than with their own species.

3.5 A novel hypothesis: Super-dominance
Any successful theory of dog’s success in a human-dominated world must

handle three well-established facts.

3.5.1 Anthropocentric selection
Dogs evolved in a human context. They have adapted to a human world. As

Marshall-Pescini et al. (2017) have argued, many changes in dogs’ social

behavior are functionally fit to the ecology in which dogs live—namely a

scavenging rather than primarily hunting niche.

3.5.2 Hypersociability toward other species
Dogs are more easily socially imprinted onto humans and other species than

are their wild ancestors, and, once imprinted, they retain higher levels of

social interest in humans and other species throughout their lives than do

wolves or (likely) other species (vonHoldt et al., 2017).
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3.5.3 Conspecific competition
In their interactions with conspecifics dogs are more aggressive than wolves;

they show higher rates of agonistic interactions and their formal dominance

behaviors evince a steeper dominance hierarchy than among similarly-raised

and kept groups of wolves.

The second and third points might be viewed as in contradiction: How

can it be that dogs show more competition in conspecific groups and more

cooperative interactions with human beings?

One solutionwould be to posit that dogs recognize the species identity of

different beings and this recognition then activates different patterns of social

behavior depending on the species: “Compete with other dogs; cooperate

with humans.” Such an account is surely ad hoc and improbable. It is improb-

able because mammals are not born recognizing their own species—never

mind others (Hess, 1973). It is ad hoc because it provides no principled way of

explaining the proximate behavioral mechanism bywhich a dog reacts in the

way it does to different social actors and does not enable prediction of how

dogs will react to species other than humans and dogs. Take, for example, a

livestock guarding dog raised to guard and interact socially with sheep or

goats: How does that dog know whether to compete for dominance with

the livestock—as it would with a conspecific; or whether to cooperate with

the sheep—as it would with a human?

A possible resolution of this apparent paradox is that enhanced sensitivity

to dominance relations may not be a contradiction of dogs’ seeking of

sociable interaction with humans but its cause. The behavior that people

perceive as “friendly” may be what is termed in behavioral biology

“formal submission.”

van der Borg et al. (2015) identified high posture and muzzle bite as

formal dominance indicators, and tail wag along with low posture, passing

under the head, and mouth lick as formal submission markers in a group of

interacting dogs. Interestingly, as Schilder et al. (2014) note, these status-

marking behaviors observed in dogs are similar to behaviors serving the same

function in human relationships. Raised posture, as, for example, standing or

sitting on an elevated seat or platform (Eibl-Eibesfeldt, 1997; Mignault &

Chaudhuri, 2003); sitting straight up (Schwartz, Tesser, & Powell, 1982),

and raised head (Carney, Hall, & LeBeau, 2005; Mignault & Chaudhuri,

2003; Zivin, 1977) are well-established formal dominance markers in

humans, whereas lowered head and other forms of lower posture are related

to submission (Kalma, 1991; Mignault & Chaudhuri, 2003; Rosa & Mazur,

1979). Submissive people also kneel and bow to and kiss those whose

dominance they are respecting (Mignault & Chaudhuri, 2003).
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When dogs seek proximity, “kiss,” and solicit and react positively to being

stroked they are in fact showing formal signs of submission.When people pass

their hands over dogs’ heads and backs, accept licks (especially on or near the

mouth), and adopt postures in which they make themselves taller than their

dogs, they are (unknowingly, of course) expressing formal dominance over

their dogs. These formal dominance and submission behaviors shared between

humans and dogs, combined with humans’ control over resources including

food, movement, shelter, and sexual access (which is total for pets and present

albeit to a lesser degree for free-living dogs), establish dogs in a state of total

social subordination which may well account for their widely-noted tractabil-

ity and willingness to follow human leadership. Indeed, I propose—by anal-

ogy to the concept of a supernormal stimulus in ethology (Tinbergen,

1969)—to call the relationship of human to dog, “Super-dominance.”

Dominance could provide a mechanism by which dogs behave differ-

ently toward social companions from diverse species without needing to

assume that dogs recognize individuals’ species membership and conse-

quently apply different social rules. The pattern of social behavior that dogs

adopt toward members of different species could depend on the extent to

which individuals from that species show behaviors toward the dog that

it perceives as expressing dominance, combined with the other species’ abil-

ity to control dogs’ access to resources. The behavior of the Super-dominant

humans toward the dogs as they interact with the third species would also be

expected to play a key role in dogs’ attitudes toward that other species.

It should be noted that this bears no relation to the bowdlerized ideas of

“dominance” promulgated by some popular dog trainers of the moment,

such as Millan and Peltier (2007) and Monks of New Skete (2002).

These authors’ advocacy of coercion and aversive methods in dog training

is irrelevant to discussions of dominance in human-dog social groups. The

“positive” trainer who controls her dog’s behavior with contingent treats is

conveying her social dominance by controlling resources every bit as much

as the enthusiast for “alpha rolls” and electronic-shock collars. Likewise,

advice to assert dominance over one’s dog by ensuring one is first to eat

or walk through a doorway entirely misses the point of how social domi-

nance is established and maintained. The human is dominant over the

dog because she can open the door and controls the dog’s access to food.

Who eats or walks first is neither here nor there.

Although these seem to be distinct concepts, it is possible that heightened

sensitivity to dominance relationships may account, at least in part, for dogs’

“hypersociability” (vonHoldt et al., 2017) and their presumed extended

period for social imprinting. In many species, subordinates seek the
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proximity of more dominant individuals, particular when reconciling after

conflict (e.g., Aureli, Preston, & de Waal, 1999): perhaps the frequently

noted human-proximity-seeking of dogs is related to their recognition that

people are intrinsically dominant and control important resources. It is pos-

sible that the observed relations in the SSP and related tests of dog

“attachment” to people may be (at least in part) submissive relations rather

than attachment bonds. This might then also explain the extreme rapidity of

apparent attachment revealed in the SSP and other tests (Feuerbacher &

Wynne, 2017; Gácsi et al., 2001).

In itself Super-dominance theory does not explain extended social

imprinting but it is interesting to note that studies of social imprinting in

the dog have only ever concerned imprinting on humans. Perhaps the dogs’

apparently extended critical period for social imprinting is an artifact of

testing their reactions to humans, who, by virtue of the super-dominant pos-

ture, may offer a supernormal stimulus for imprinting (Gaioni, Hoffman,

DePaulo, & Stratton, 1978).

4. Open questions

4.1 Publication trends
In the past two decades there has been an astonishing explosion of scientific

interest in the behavior of dogs. Although there was a rich history of

dog behavioral research throughout the 20th century (see Feuerbacher &

Wynne, 2011, for an historical review), the most recent phase of dog behav-

ioral research started in the late 1990s and has grown with particular rapidity

since around 2005 (Aria, Alterisio, Scandurra, Pinelli, & D’Aniello, 2020).

Notwithstanding this exponential grown in peer-reviewed publications

in recent years, there is a tendency for research to congregate in certain

areas and omit other important domains. A lot of research is directed toward

exceptional “human-like” capacities and ignores more basic questions. A

number of issues important to understanding dogs’ success in a human-

dominated world have hardly been addressed.

4.2 Imprinting and formation of social bonds
Although it is widely believed that an individual dog’s ability to form rela-

tionships with people rests on its being socially imprinted on humans during

a critical phase in early life, this assertation rests on results from a single

experiment carried out over 60 years ago (Freedman et al., 1961; also

reported in Scott & Fuller, 1974). This experiment, understandably given
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its age, suffered a number of limitations. First, it did not include a group of

pups exposed to people between nine and 14 weeks of age; second, it studied

only one level of human exposure (albeit reportedly slightly differently in

two publications describing the same experiment) and, finally and most crit-

ically, as noted above, it was vague about the possibilities of socializing the

group only exposed to humans at 14 weeks. There do not appear to be any

published studies exploring other parameters in dogs’ social imprinting on

humans, nor on dogs imprinting on any other species, not even conspecifics.

Furthermore, there are no formal studies investigating social imprinting in

wolves—thus rendering comparisons of dogs to their wild ancestors infor-

mal and speculative.

Informal observations of dogs introduced to homes that already contain

other species of pets such as cats, hint at the possibility that dogs may be able

to form emotional bonds with individuals from species they did not interact

with during the critical period for social imprinting. The possibility of a

life-long openness to forming social connections has never been investi-

gated. If it exists it might undermine the identification of “taming” with

social imprinting and would have important implications for rehabilitation

(or perhaps better, “habilitation”) of dogs that have had difficult early expe-

riences and are being brought into a human home for the first time past

14 weeks of age. Given the centrality of socialization to dogs co-existence

with humans it seems quite astonishing that the scientific knowledge base

regarding this aspect of dogs’ behavior is so inadequately secured.

4.3 What makes people want to care for dogs?
It is taken for granted in developed nations that people want to care for their

pet dogs, and indeed vast sums of money are expended doing so (APPA,

2020). More surprisingly, people in less wealthy parts of the world also show

detectable concern for dog welfare even when these animals may bring no

tangible benefit and even appreciable harm. Thus Bhattacharjee, Sarkar,

et al. (2020) surveyed attitudes to street dogs in India and found on balance

slightly positive stances toward the dogs. In Port au Prince, Haiti, Fielding,

Gall, Green, and Eller (2012) reported that over 40% of respondents fed

street dogs and Fielding and Mather (2001) found that in the Bahamas,

although street dogs were considered a nuisance, local people were generally

tolerant toward them and more than half reported feeding dogs they did

not own.

This positive attitude and willingness to expend resources on dogs would

seem to lead naturally to the question: What is it about dogs that prompts
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people to want to care for them? However, only limited research has

been carried out on this question. Chersini, Hall, andWynne (2018) showed

people images of dog puppy faces and found that they peaked in attra-

ctiveness around weaning age (approximately 8 weeks). Hecht and

Horowitz (2015) showed people photographs of dog faces that had been

manipulated in photo-editing software to exaggerate fit to Lorenz’s (1943)

Kindchenschema predictions, as well levels of humanization. Participants

preferred images in line with some Kindchenschema predictions—such as

larger eyes—and also preferred some human characters, such as colored irises.

Neither of these studies investigated behavioral properties of dogs that may

appeal to people, and only explored a small subset of the dimensions of poten-

tial physical attractiveness of dogs.

In a study that captures a small portion of the behaviors people find

attractive in dogs under one set of circumstances, Protopopova and Wynne

(2014) investigated aspects of the spontaneous behavior of dogs in an animal

shelter that influenced potential adopters’ decisions to take the dog homewith

them. Although the dogs were at liberty to express a large number of different

behaviors, only two behaviors influenced adopters’ decisions to take a dog

home: Ignoring a person’s play invitation (which had a more-than-100-fold

negative impact) and resting in proximity to the person (which had a more-

than-14-fold positive impact).

The literature needs more studies on different dog and human popu-

lations exploring what dogs do that attracts people to care for them. This

could include exposing people to diverse dogs and asking them to rate

the animals on multiple dimensions of attraction or finding other naturalistic

ways to investigate human choices of dogs to live with—such as possibly at

points of sale and adoption. It would also be valuable to investigate dog

preferences among humans. Many pet dog owners express the opinion that

their dog prefers men or women, but I am not aware of systematic studies of

dog preferences among people.

4.4 What do people and dogs do together?
There is a surprising lack of research on how dogs and people spontaneously

interact. A series of studies investigated the spontaneous reactions of a child

and his or her pet dog, noted the importance of smell and touch to the dog,

and that the child more often initiated contact than did the dog, but these

studies have not led to an ongoing program of research (Filîatre, Millot, &

Eckerlin, 1990; Filîatre, Millot, & Montagner, 1986; Millot, 1994; Millot,

Filîatre, Gagnon, Eckerlin, & Montagner, 1988).
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At present, we do not know how much time dogs in different circum-

stances (pets, street dogs, etc.) spend in different levels of proximity to

people, nor do we know what form the interaction of dogs and people

takes under these different circumstances. Studies have not been reported

indicating how this interaction varies with the age, sex, and other dimen-

sions of the dog or the person in interaction. These data have therefore

not been set in juxtaposition with people’s perception of their dog’s affection

for them, the dog’s attachment behaviors as measured in the SSP or similar

procedure, and the person’s reported emotional affiliation with the dog.

Lay people and the gray literature on dog behavior commonly report that

dogs express their affection for people with tail wags and “happy” faces (e.g.,

McConnell, 2007) and yet there is an almost complete lack of scientific

research into the behaviors of dogs that indicate affiliation toward people.

If dog behavior toward people is predicated on dominance relationships,

as I propose here, then dogs should react differently toward people who

express different levels of dominance toward them. The importance of

raised posture for dominance implies that people of reduced stature should

attract less submission from dogs than do taller people. It is well established

that children are much more likely to be bitten by dogs than are adults

(Chapman, Cornwall, Righetti, & Sung, 2000; Gershman & Sacks, 1994;

Gilchrist et al., 2008), but of course the behavior of children toward dogs

differs in many ways besides their stature. It would be interesting to

know whether adult humans of reduced stature (such as people with dwarf-

ism) also experience less submissive behavior from dogs and it would also

be interesting to see experimental manipulation of dominance behaviors

from people to dogs to test whether this alters the dog’s behavior in

predictable ways.

4.5 Can we identify social hierarchy in dog-human groups?
Very few studies have investigated dominance in dog groups and to my

knowledge no study has been carried out looking for formal dominance

behaviors in the interaction of dogs and people. Studies are needed that look

for the formal dominance and submission behaviors that have been identi-

fied in groups of dogs and of people separately in interacting mixed-species

groups of people and dogs. I predict that dogs will seek out people who are

dominant over them and express a range of behaviors that are formal signals

of submission. Furthermore, I predict that the humans in these relationships

with dogs will interpret the dogs’ formal submissive signals as signs of

affection.
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4.6 What are the intra-species social connections of dogs like?
In a literature with so many lines of evidence supporting the affiliation of

dogs toward people, it is surely anomalous that there is so little sign of

“attachment” between cohabiting dogs (Mariti et al., 2014; Tuber et al.,

1996). This could be explored further with pet dogs using different forms

of social stressor. There also appear to be no studies on the reaction of

free-living dogs to separation from their social companions. Study of the

social relationships among free-living dogs may help shed light on

dog-human social relationships.

4.7 Social genetics
Ultimately, if there is something intrinsic to dogs that distinguishes them

from wolves and from other species this should be identifiable in their

genomes. The theories reviewed above which posit inherited differences

in cognition have failed to lead to any identified genetic differences.

Several studies have found differences in genes related to social behavior

in dogs (Persson et al., 2016; Persson, Sundman, Halld�en, Trottier, &

Jensen, 2018; Persson, Trottier, B�elteky, Roth, & Jensen, 2017; vonHoldt

et al., 2017, 2018). Presently the extent of the relevance of these genetic

differences to the whole world of dogs is unknown, as the analyses have only

been carried out on pet dogs. Hopefully, geneticists will be interested to pur-

sue this question into free-living dogs as well, perhaps, in addition to arche-

ological specimens. This would help identify the importance of social

adaptations to the human-dominated niche.

5. Conclusions

Dogs are not a human creation in a direct sense. They came into being

thousands of years before people had any idea that they could change the

form or function of living beings by controlling their reproduction.

Nonetheless, dogs evolved in close proximity to humans and their present

form shows many signs of being adapted to succeeding in a human-

dominated world.

The precise nature of these adaptations is a matter of current

controversy. I have here considered and dismissed the proposal that dogs

show special cognitive adaptations to their human-dominated niche. That

is that they possess theory-of-mind-like capacities that are unique to their

species. Although pet dogs are surely exquisitely sensitive to human actions
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and intentions, the patterns of success and failure both in dogs and in other

species are more consistent with the proposal that it is living in close prox-

imity to, and often in utter dependence on, humans that leads animals to be

highly sensitive to human actions—independent of the species from which

an individual is descended.

On the other hand, there are many areas of dog behavior that would

not usually be labeled “cognitive”—behaviors involved in reproduction,

foraging and sociality—where dogs differ greatly from even their closest

relatives, wolves, and other wild canids. Dogs show much more fluid social

structures, much less parental care, less-coordinated foraging, and steeper

social hierarchies accompanied by more agonistic social behaviors than do

wolves and other canid species. The social behavior of dogs with conspe-

cifics stands in seldom-noted contradistinction to their behavior when living

with humans. People in the first world typically refer to their dogs as “family

members,” and even in the developing world positive emotions are often

reported toward street dogs. Given dogs’ social behavior in same-species

groups their behavior toward humans demands more explanatory attention.

Nearly 150 years ago, a deep thinker and dog lover, in what may be

called the first work of comparative psychology, explored the possibility that

religious feeling could have evolved. Darwin (1871, p. 470) wrote:

The feeling of religious devotion is a highly complex one, consisting of love,
complete submission to an exalted and mysterious superior, a strong sense of
dependence, fear, reverence, gratitude, hope for the future, and perhaps other ele-
ments. No being could experience so complex an emotion until advanced in his
intellectual and moral faculties to at least a moderately high level. Nevertheless,
we see some distant approach to this state of mind in the deep love of a dog
for his master, associated with complete submission, some fear, and perhaps other
feelings. The behavior of a dog when returning to his master after an absence,…,
is widely different from that toward their fellows. In the latter case the transports of
joy appear to be somewhat less, and the sense of equality is shown in every action.
Prof. Braubach goes so far as to maintain that a dog looks on his master as on a
god.2

Darwin’s perspective may today be recognized as a precursor to the view

that dogs their human companions as highly dominant over them. I have

coined the term “Super-dominant” to capture how humans’ utter control

2 The original reads: “Des Hundes Herr ist ihm sein Freund und sein Gott, den er nicht nur sch€utzt und
bewacht, den er nicht nur f€urchtet, sondern dem er auch mit treuer Liebe anh€angt.” “The dog’s master

is his friend and his God, who he not only protects and guards, who he not only fears, but who he also

follows with faithful love.” (Braubach, 1869, p. 53).
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over dogs’ lives, combined with inadvertent use of behaviors that may be

perceived by dogs as formal dominance signals, may influence dogs’ behav-

ior toward people. This notion in no way corresponds to the naı̈ve use

of the term “dominant” by certain popular dog trainers of the day but

rather connects to the technical use of the term “dominant” in the classical

ethological literature. Whatever the virtues of this neologism, a refocus of

research on dogs and humans toward behavior in social interaction would

be a valuable step with both practical and theoretical implications.
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readers of our minds? Dogs (Canis familiaris) show situation-dependent recognition
of human’s attention. Animal Cognition, 7(3), 144–153.

Gácsi, M., Gy€ori, B., Miklósi, A., Virányi, Z., Kubinyi, E., Topál, J., et al. (2005).
Species-specific differences and similarities in the behavior of hand-raised dog and wolf
pups in social situations with humans. Developmental Psychobiology, 47(2), 111–122.
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