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ABSTRACT
The dog was the first domesticated animal. Its derivation from grey wolves
Canis lupus is important to the study of mammalian domestication, and wolf
domestication is an active area of investigation. Recent popular books have
promoted a hypothesis that wolves domesticated themselves as opposed to the
earliest hypothesis that featured pup collection, adoption, and artificial selection.
Continuing research has produced a greater understanding of wolf ecology and
behaviour, including new insights into the wolf’s interaction with humans. Several characteristics make the wolf conducive to domestication: its sociality, catholic
diet, excellent individual and cultural memory, inbreeding tolerance, varied
personalities, and adaptable lifestyle. The wolf’s fear of humans is the main
impediment and that alone is a factor strongly disfavouring the self-selection
hypothesis. However, collecting young pups from dens and raising them would
foster their socialising with humans as pack members. Neither hypothesis explains how wolves undergoing domestication were separated reproductively from
their wild relatives, an important condition for domestication. We combine
information from the literature with information from our own research on
wild wolves, archaeology, and canid morphology. We explain how pup collection and deliberate or incidental selection and encouragement to breed with
similarly raised wolves could keep incipient dogs separated reproductively from
wild relatives. The key is humans regularly feeding the wolves and keeping only
those able to live harmoniously with humans. Well-fed, human-dependent wolves
would remain near their food supply and in the company of humans, thus
increasing their bonds to humans and vice versa. Outbreeding with wild wolves
would thus be avoided. Generation after generation of these human-fed, raised,
and selected wolves would become increasingly dependent on humans and shaped
by them. The pup-adoption hypothesis presented here is more in keeping with
basic wolf ecology and behaviour than the self-domestication hypothesis.

INTRODUCTION
Domestication of grey wolves Canis lupus is an active area
of biological and anthropological research. Several scientific
fields are contributing, including molecular genetics
(VonHoldt et al. 2017, Bergström et al. 2020), morphology
(Janssens et al. 2016, 2019), and wolf ecology and behaviour (Carbyn et al. 1995, Mech & Boitani 2003, Range
et al. 2019).

Some wolf-
domestication studies relied on incorrect
information. One example is Ersmark et al. (2016) citing
a single wolf (Mech & Seal 1987) to support a wolf generation time of three years, a critical figure for calculating
time since domestication. Data from hundreds of wolves
in two studies supported 4.2–4.7 years as generation time
(Stahler et al. 2013, Mech et al. 2016), although generation time could be shorter in the company of humans.
Another example is Sykes (2019) who cited Mowat’s (1963)
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fiction about living with wolves as true, despite reviews
documenting otherwise (Banfield 1964, Pimlott 1966, Mech
1970, Goddard 1996). In addition, much information as
yet unpublished would be useful to wolf-
domestication
studies. Therefore, collaboration among researchers who
are studying wolf domestication and those studying wolves
could facilitate wolf-domestication investigations. Various
workers have used multidisciplinary approaches to good
advantage to facilitate such studies (Baumann et al. 2021),
but rarely have these collaborations included wolf
biologists.
We use our own studies to discuss wolf biology, ecology, and behaviour relevant to wolf domestication and
expand on a hypothesis about how wolf domestication
might have proceeded. Our studies include raising wolves
at home (Mech 1970) and in colonies (Seal et al. 1979);
observing them from aircraft (Mech 1970); live-trapping
and radio-tracking them in several areas (Mech & Boitani
2003); living with and observing wild wolves that have
become tame to humans (Mech 1988a, 2017); and examining wolf and dog morphology to determine accurately
when domestication began (Janssens et al. 2016a, b, 2018,
2019). We are cautious about publications that are not
peer-
reviewed such as Crisler (1958), Coppinger and
Coppinger (2001, 2016), and Sykes (2019), while recognising their value if they are used judiciously. We also caution
that popular books that discuss wolf x dog hybrids and
castrated wolves (Pierotti & Fogg 2017) have presented
misleading views of wolf behaviour (Mech 2019).
Two main hypotheses about how wolf domestication
began prevail: 1) humans collected young pups from dens,
raised them, found them useful, and bred them selectively
(perhaps implicitly at first) for certain traits (‘pup adoption’; Darwin 1868, Klinghammer & Goodmann 1987,
Pierotti & Fogg 2017), and 2) wolves domesticated themselves. The latter self-domestication hypothesis claims that
wolves that were less anxious and aggressive increasingly
frequented human camp disposal areas and obtained food
there, but neither harmed humans nor were harassed by
them. Hypothetically, these wolves then became domesticated (O’Connor 1997, Coppinger & Coppinger 2001,
2016, Larson & Fuller 2014, Pierotti & Fogg 2017).
To our knowledge, there have been only three critical
evaluations of these theories (Germonpré et al. 2018, 2021,
Serpell 2021), each based mainly on archaeological and
anthropological information. We undertake a fourth here
based primarily on wolf ecology and behaviour.
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(Bergström et al. 2020) is whether their behaviour may
have been fundamentally different from that of modern
wolves. We presume, however, that Pleistocene wolf behaviour was not fundamentally different, because a 15000-
year separation between American and Eurasian wolves
(Loog et al. 2020) has not led to differences in behaviour,
feeding strategies, hunting methods, or interaction with
humans. Wolf behaviour thus would seem to have been
stable over a long period.

WOLF INTERACTIONS WITH HUMANS

A recurring question regarding Upper Pleistocene wolves
that gave rise to dogs about 25000 to 15000 years ago

Throughout most of their history, wolves and humans
have been both competitors for the same prey and adversaries to each other (Fritts et al. 2003, Camarós et al.
2016) and thus must have long feared each other, just as
they do currently. Wolves existed about 300000 years ago
(Nowak 2003). Even though wolves were capable of killing
humans (Linnell et al. 2002, McNay 2002, Linnell et al.
2021), their fear of humans must have resulted from selection acting on wolves’ negative interactions with humans,
who had weapons that could kill wolves (Thieme 1997)
but feared them nonetheless.
In response, wolves have long been persecuted by humans (Fritts et al. 2003, Wam et al. 2012). Even on Isle
Royale National Park in Lake Superior, Michigan, USA,
where wolves have been protected from humans for
70 years, they continue to fear people (Thurber et al.
1994, RO Peterson, personal communication). This fear
on the part of wolves probably explains why wolves do
not generally consider humans as prey to eat, contrary
to the wolves’ approach to every other animal (Newsome
et al. 2016).
The only known region where wolves did not fear humans is an area where for centuries wolf–human encounters
did not occur. Thus, wolves’ natural fear of humans was
not reinforced there for this long period, so that fear was
lost. This region is the northern Queen Elizabeth Islands,
a 400000 km2 archipelago in the High Arctic of North
America, north of 75° North Latitude. Because wolves’
lack of fear of humans is so unusual, and because that
is relevant to a critique of the two theories of wolf domestication, this situation bears special discussion. The
area is farther north than Siberia, and except for scattered
‘thermal oases’ where wildlife can live, is continually covered with ice and snow. The general region was unfit for
humans, except along shores, but the wolves lived inland
away from human settlements (Mech 1988a). Thus, inland
wolves there have been subjected to little hunting or human harassment for centuries, and very few have even
encountered people except in recent times when military
bases and weather stations established along shores
(Parmelee 1964, Grace 1976, Miller 1978, 1995).
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Those wolves that did recently meet humans were generally left undisturbed, sometimes fed (Miller 1995), or very
rarely shot (Grace 1976), and those that were fed have become tame (Mech 1988a). Parmelee (1964) captured a three-
month-old pup on Ellesmere Island (the northernmost Queen
Elizabeth Island), and while he carried it to his tent, the
mother followed at his heels, howling, and slept near his
tent, with the pup inside. Elsewhere in the archipelago, a
wolf licked a human’s face (Miller 1978). During 24 summers from 1986 to 2010, the first author lived peacefully
with, and studied, such tame-but-wild wolves close-up (Mech
1988a, 2017) near Eureka (80° N) on Ellesmere Island (Figs 1
and 2). The fact that wolves do not regard humans as prey,

Fig. 1. Many Ellesmere Island wolves are unafraid of humans and can be
studied close-up, unlike elsewhere in the world. Here, first author Mech
notes the behaviour of a pack’s breeding male.

even in this unusual population, whereas they prey on every
other animal, is evidence that selection favoured individuals
that feared humans, because humans were too dangerous to
prey upon.
The fear and animosity between wolves and humans
do not undermine the pup-adoption hypothesis, because
that idea holds that humans collected wolf pups at an
early age from dens and raised them. Adult wolves do
not defend their dens from humans, and, in modern times,
humans have taken young pups from dens (Murie 1944,
Mills et al. 2008).

INDIVIDUAL VARIATION
Wolves vary considerably in size, colour, and personality.
At any given time, some seem shy while others are more
outgoing (Mech 1970, Mech & Boitani 2003, Packard
2003). This was apparent with the High Arctic wolves.
Those deferential with conspecifics were shy with humans.
Those bolder with associates were bolder with humans.
However, wolf personalities can change towards other
wolves and to humans in the presence of pups and become much more defensive and bold (Mech 1970). High-
ranking wolves can become subordinate to other pack-mates
and behave more defensively and shy then (Packard 2003).
The degree to which wolves are anxious or aggressive
towards any individual pack-
mate or towards non-
prey
species depends entirely on current circumstances (Packard
2003). Thus, contrary to the self-domestication hypothesis
that ‘friendly’ or ‘subordinate’ wolves frequented human
areas, any such wolves would not necessarily possess traits
that would persist for generations.

SOCIALITY
Wolves are very social, as their pack life implies. Pack
members generally are related, except the parents to each
other, and they hunt together, gather around the den or
at an above-ground ‘rendezvous site’ in summer, and sleep
near each other all year round. The adults play with the
pups, and all playfully chase and wrestle. Lone wolves
usually are maturing pack members dispersing and seeking
mates (Mech & Boitani 2003). Wolves’ sociality could
motivate individual wolves to frequent human camps if
it were not for the animosity between wolves and humans.
Sociality would, however, help cause pups raised by humans to bond with those humans (Virány & Range 2014),
especially those who raised and fed them.
Fig. 2. In this screen print from ‘White Wolf’ video, Mech attempts to
see how closely he can observe a female wolf and her pups around a
den on Ellesmere Island (https://www.youtube.com/watch?v=1lPqR
Y8pn3Q).

Mammal Review (2021) © 2021 The Mammal Society and John Wiley & Sons Ltd.

DENNING
For most of the year, wolf packs travel nomadically around
their territories seeking prey. However, in spring, the
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pregnant female chooses a den, a hole in the ground,
rocky nook or cave, or a shallow pit in the ground (Mech
1993). Wolves tend to locate dens optimally in relation
to food supplies (Joly et al. 2018).
The pups are born in a den in spring and remain
inside for three weeks, and in or around the den for
about eight weeks in total. Thus, humans can observe
pups around dens and would have little trouble collecting
young pups. If humans adopt pups by three weeks of age
and feed them, they bond easily to the humans
(Klinghammer & Goodman 1987). Humans could breastfeed them at first (Simoons & Baldwin 1982, Mondry
2017). Wolf nipples during nursing (Mech et al. 1993)
are similar in size to those of human females. Pups begin
eating solid food at about three weeks (Packard 2003),
although they nurse for about nine weeks. The earliest
age at which wolf pups can survive without nursing is
unknown, but they can survive by 30 days of age
(Klinghammer & Goodman 1987). Conceivably, wolf pups
could survive without nursing when even younger, which
would facilitate human care.
Similar to dog pups, newborn wolf pups require anogenital stimulation to urinate and defecate, but after about
10 days of age, captive pups begin urinating and defecating
spontaneously (Klinghammer & Goodman 1987). Thus,
for wolf-pup collection to have been instrumental in domestication, humans would best have adopted the pups
between the ages of 10 days and three weeks. Having
observed older pups around dens, humans would have
known that to capture younger ones they would have to
extract the pups from the dens before the pups began to
emerge naturally.
Wolf pups usually remain in the den for about three
weeks and then increase their time outside the den over
the next five weeks. If raised in a human settlement during this period, pups would have considerable time to
bond to humans (Klinghammer & Goodman 1987,
Germonpré et al. 2018). In the wild, the breeding pair
of wolves and their offspring of the previous one to three
years travel from the den to hunt throughout the territory, bringing food to the female and pups intermittently,
carrying it, or regurgitating it (Mech et al. 1999). Wild
pups might go days without solid food, but if being raised
by humans, probably would have been fed well and more
regularly, thus furthering their bonding with the
humans.
When about eight weeks old, wild pups are moved
from the den to other protected sites above ground, called
rendezvous sites. They often headquarter near food sources,
for example, carcasses, while they grow for another three
to four months. Although the adults might move the pups
to several such rendezvous sites during this period, once
established at such a site, the pups remain there while

the adults travel far and wide hunting. Thus, pups raised
by humans would be mentally adapted to remaining in
human camps or moving with the humans. When almost
fully grown and with adult dentition replacing milk teeth
at about six months, the pups begin travelling with the
pack nomadically within the territory, and no longer use
dens or rendezvous sites (Mech & Boitani 2003).
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LIVING SPACE
Most wolf-
pack territories range over 50–
1000 km2 depending on pack size and prey density. Wolves advertise
and defend that territory via howling, scent-marking, and
direct killing of trespassers (Mech & Boitani 2003).
However, where food is abundant, i.e. where prey
densities are high, or when humans are feeding them,
wolves will live in a smaller area. For example, in north-
eastern Minnesota, one pack of six occupied a territory
of only 33 km2 (Mech & Tracy 2004). Currently, the
first author is studying female wolf 7268 that has at
least four pups surviving to 10 months of age and whose
locations are centred near a small settlement where these
wolves were being fed by humans. From 1 February 2018
to 25 February 2019, 76% of her 42 daytime locations
were within 2.5 km of the settlement (SM Barber-Meyer
and LD Mech, unpublished data). The wolf’s nocturnal
locations are unknown. If they were being fed entirely
by humans, wolves would have little reason to stray far
from their food source.

BEHAVIOUR OF WOLVES FED BY HUMANS
Free-ranging wolves that humans feed directly from the
hand, but not those that feed indirectly from human refuse, can become tame and behave much like domestic
dogs. They condition quickly and habituate readily to the
person feeding them or to humans in general (Fritts et al.
2003). Common behaviours shown by such wolves include
frequenting the areas where fed, approaching and following humans on foot or in vehicles, and inspecting human
belongings such as tents and camping gear. Wolves seem
to generalise being fed, so, having been fed, they often
will approach anyone possibly offering food. Humans have
fed free-ranging wolves in modern times in several situations: 1) when pups stray from their den or rendezvous
site and appear near workers such as loggers or pipeline
employees, or local residents or tourists; 2) near frequently
used campsites; 3) around isolated outposts such as military
bases, weather stations, and research camps; 4) in national
parks such as Yellowstone National Park and Denali
National Park and Preserve in the United States and
Algonquin Provincial Park and Banff National Park in
Canada; and 5) for research (Mech 1988a, 2017).
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During the first author’s interactions with wolves near
Eureka, Ellesmere Island, they allowed him and co-
researchers to routinely observe, study (Fig. 1), and follow
them on all-
terrain vehicles for many kilometres (Mech
1988a, 2017). Individuals would, at times, lie around the
researchers’ tents. The breeding female brought her pups
to the researchers and watched while they threw food to
the pups. Even when researchers were on foot, most of
the wolves were tolerant, although a few were shyer. In
1987, the first author lay near the den taking notes while
the breeding female and pups ventured to within a few
metres of him (Fig. 2). On 31 July 1987 at about 17:00 h,
the breeding male (formerly ‘alpha male’; Mech 1999),
feeding on a musk-ox Moschatus ovibos calf that his pack
of seven had killed hours before, even allowed Mech to
crawl to within about 15 m of him feeding on the calf.
Although the above information might seem to evince
that wolves could self-domesticate, it is important to understand that in these cases humans were actively feeding
the wolves, whereas the self-domestication hypothesis proposes that wolves were scavenging food with no direct
interaction with humans.

BREEDING AND DISPERSAL
Some female wolves can breed when 10 months old, but
they usually reach first oestrus and ability to breed when
about two to four years old (Mech & Seal 1987, Mech
et al. 2016). When wolves become sexually mature, many
males and females disperse from their natal pack, attempting to find mates and a place with adequate prey unoccupied by other wolves (Mech & Boitani 2003). This
process may take them only a few or hundreds of kilometres away. However, if food is plentiful, maturing wolves
remain with their natal pack for three or four years and
might even produce their own pups with that pack (Stahler
et al. 2013).

INBREEDING TOLERANCE
Generally, wolves do not inbreed (Smith et al. 1997).
However, they can sustain considerable inbreeding at
population levels. This is evidenced by the population on
Isle Royale. This population, founded by one female and
two males in 1948 (Wayne et al. 1991) and consisting of
up to 50 wolves, survived for 70 years. Two or three
immigrants did bolster the population (Adams et al. 2011),
and some Isle Royale wolves did sustain deleterious inbreeding effects. However, the population functioned well
enough to survive for decades (Räikkönen et al. 2009).
Similarly, a Mexican wolf reintroduction project with seven
founders increased to over 115 in the wild (Harding et al.
2016). This small inbred population and that of
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Scandinavian wolves also survived and increased, although
smaller bodies have been reported (Laikre & Ryman 1991,
Fredrickson & Hedrick 2002), along with defects, such as
transitional, low-lumbar vertebrae (Räikkönen et al. 2009).
Nevertheless, wolves inbred for only a few generations
function well (as above), so human-raised wolves could
breed with relatives in the same camp. This practice would
not only prevent outbreeding with their wild congeners,
but also tend to fixate and promote phenotypes favourable
to living with humans.

ALARM SIGNALS
Wolves bark when alarmed or to threaten, similar to humans shouting (i.e. sharp, staccato sounds). Thus, human-
raised wolves and humans might readily have developed
some understanding of each other’s alarm behaviour.
Anecdotal evidence that wolves can recognise the intent
of shouting comes from the first author’s experience in
the High Arctic with wolves tame to humans. He usually
tented near a wolf den and spent most of his time there.
When an intruding photographer approached the wolves
surreptitiously, the breeding female stood beside the first
author, who was shouting at the intruder. She looked
intently into the valley, and even barked, the first author
recalls.

HUNTING BEHAVIOUR
Although wolves eat almost anything, most often they
hunt hoofed mammals to obtain enough energy. These
prey possess dangerous hooves, and many wield sharp
horns or antlers (Mech et al. 2015). Searching for vulnerable prey requires long-distance travel, usually about 25 km
per day. With most attacks on their main prey, wolves
risk their lives, including even with smaller prey such as
white-tailed deer Odocoileus virginianus (Mech et al. 2015).
Thus, if an easier or less dangerous way exists to obtain
enough food, wolves tend to use it. This tendency explains
why wolves long remember locations of their caches. Totally
subsidised human-
raised wolves would experience none
of the stress involved in stalking, chasing, and attacking
prey, so would be highly motivated to remain in the
company of the humans feeding them.

INDIVIDUAL AND CULTURAL MEMORY
Wolves remember where they can obtain easy food and
that information can pass on for several generations. This
individual and cultural memory was apparent during the
first author’s studies of the High Arctic wolves. One example involved a wolf that headed directly to a cache
without any indication of smelling it, and unearthed a
5
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black, mud-
laden young arctic hare Lepus arcticus that
must have been buried for at least a year, for this happened before hare leverets had even been born that year
(LD Mech, unpublished data).
An example of wolves’ cultural memory derives from
the first author’s experience with these same wolves frequenting a garbage landfill on Ellesmere Island for years
and intermittently obtaining garbage, avoiding the risk of
attacking prey (Mech et al. 2015). The pack often numbered around 20 (Mech & Cluff 2011), so even when
food was available, it would hardly satisfy the whole pack.
Still in 2010, long after the dump had closed, wolves
continued to visit it briefly, while mostly hunting wild
prey (Mech & Cluff 2011). Wild wolves can live up to
13 years (Mech 1988b), so their attraction to a location
could be learned by several litters, thus maintaining the
pack’s memory for long periods.
During the first author’s studies, he fed these wolves
by throwing various foods on the ground, and the animals
grabbed them (Documentary National Geographic 100
Years Vol 038 White Wolf 2017). Using pieces of arctic
hare or seal Phoca spp., cheese, or dry dog food, he could
assess the wolves’ hunger by which they ate and how
eagerly they acted (Mech 2017). With meat, the wolves
grabbed even the tiniest pieces, indicating how favoured
this food was.
The wolf’s long-term ability to remember favoured free-
food sources is one characteristic that is in keeping with
both the self-domestication and pup collection hypotheses.
It is crucial to the former but also supports the idea that
pups fed directly by humans will remember that.
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at human dumps. However, Lupo (2019) challenged that
possibility based primarily on the lack of sufficient food
in human camps and dumps of the period to support
creatures the size of wolves.
When wolf domestication started (>15000 years ago),
humans were nomadic (Driscoll et al. 2009) and would
not have had regular disposal middens that numbers of
wolves could live around and scavenge. However, there
could have been enough food stored and cached for people
to allocate some to a few wolves that they were raising.
The widespread and persistent wolf fear of humans and
the human animosity towards wolves also present major
challenges (Germonpré et al. 2018) to the self-domestication
hypothesis.
Therefore, like Germonpré et al. (2018, 2021) and Serpell
(2021), we discount the hypothesis of self-domestication
because it fails to accord with the above-described wolf
ecology and behaviour. In addition, it clashes with the
human lifestyle of the time. This leaves the hypothesis of
pup collection and adoption and conscious or unconscious
selection, which we accept and expand upon. We also
explain, based on wolf behaviour and ecology, how this
domestication approach could have maintained reproductive separation between the wolves being domesticated and
their surrounding wild populations.

AN EXPANDED HYPOTHESIS OF WOLF
DOMESTICATION

Domesticating wolves began around the last glacial maximum, probably from an Asian wolf clade that remains
yet unrecognised because of extinction, hybridisation, or
lack of discovery (Bergstrom et al. 2020, Loog et al. 2020).
Both hypotheses of wolf domestication require that the
population undergoing domestication be isolated reproductively from its surrounding ancestor population (Bridle
& Ritchie 2001, Wu 2001, Wayne & Vila 2003, Hey &
Pinho 2012). To our knowledge, however, no one has
explained satisfactorily how this could be done.
Reproductive isolation is a primary problem for the self-
domestication hypothesis. Without it, genes of self-
domesticating individuals would be diluted by mating with
wild congeners. Although sympatric speciation (Fitzpatrick
et al. 2008) can occur, some mechanism of genetic separation such as allochrony or niche separation still is required. Coppinger and Coppinger (2001) did propose niche
separation for the self-domestication hypothesis, with dog
ancestors being wolves whose niche was to feed regularly

Once pups are collected, fed, and nurtured, they tame
easily and become reliant on humans for food, tend to
remain near their food source, and generally remain friendly
towards humans (Hall et al. 2015, Marshall-Pescini et al.
2017, Range et al. 2019). Although human-raised wolves
in modern society can be problematic (Mech 1970, Fritts
et al. 2003), most problems stem from the structure of
modern human living that would not have prevailed long
ago. Tamed wolves then would have been free to roam
and behave naturally, tied to humans by food
dependence.
Several motives for domesticating wolves have been offered of which most are utilitarian. Such motives include
1) to aid in hunting (Driscoll et al. 2009, Derr 2011, Shipman
2015; but see Mech 2019); 2) to help guard human interests
(Driscoll et al. 2009, Derr 2011, Horard-Herbin et al. 2014,
Shipman 2015); 3) to clean up settlement debris (carrion,
leftovers, commensals, human faeces; Derr 2011, Horard-
Herbin et al. 2014); and 4) as food (canophagy; Degerbøl
1961). However, we believe the most reasonable motivation
is for use as pets and companions (Zeuner 1963, Clutton-
Brock 1981, Germonpré et al. 2018, Janssens et al. 2018).
Wolves’ strong social nature helps them develop a rapport
with humans who raise and feed them (Crisler 1958, Zimen
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1987, Hall et al. 2015). Early humans had an aesthetic sense
(Lyons 1967), and humans find canid pups cute (Lorenz
1942, Chersini et al. 2018) and thus would be attracted to
them. Humans who raised wolf pups might have enjoyed
the same benefits that modern humans gain from pets (Amiot
et al. 2016). Early humans may have possessed a general
empathy (Bradshaw & Paul 2010) for young wolves or derived other psychological benefits (Amiot et al. 2016). Wolves
sometimes bear pups (average litter size is six; Mech 1970)
above ground in shallow pits (Mech 1993) that would allow
human observation and collection for food (Degerbø1961,
Germonpré et al. 2018) or to admire and raise. Furthermore,
any pups that were raised for any reason would have been
available to humans for food if necessary.
Below is an expanded version of the pup-adoption and
artificial-
selection hypothesis, similar to that of Morey
(1994) and Germonpré et al. (2018), based on information about wolves.
1. Humans remove pups ≤3 weeks old from dens and feed
them, including by breastfeeding (Simoons & Baldwin
1982, Mondry 2017), thus making the animals dependent
on humans, friendly with them, and bonded to them
(Hall et al. 2015). This is similar to the indigenous
Australian practices with dingoes (Smith & Litchfield
2009). As the pups grow and develop, the humans keep
the more mellow, tractable, and cooperative individuals
(Range & Virányi 2014). This selection probably would
be deliberate, but could be inadvertent, as the more
rambunctious individuals might stray more or be more
difficult to deal with.
2. The humans continue to feed the surviving animals, thus
keeping them close until they mature.
3. The mature females mate, either with siblings, with males
from other litters being raised similarly, or, less likely,
with wild male wolves.
4. Breeding siblings or other camp wolves, the breeding
pair scent-marks a territory that includes the camp and
howl frequently, thus keeping wild wolves away (Mech
& Boitani 2003).
5. The females den nearby, possibly in the camp where
food is available (Joly et al. 2018) and where they are
protected by their human ‘pack’. Female wild wolf 7268,
mentioned above, denned within 1 km of humans who
were feeding her; wolves raised by humans and totally
dependent on them for food would den closer to them.
Nomadic humans might collect one or two newborn
pups and destroy the others, so the mother would follow them.
6. The humans then feed the new pups, generation after
generation, while either deliberately or implicitly selecting
for progressive tameness. Eventually, repeated selection
on character, aberrant coat colours, tail and ear carriage,
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etc., as conducted by Beylaev and Trut with silver foxes
Vulpes vulpes (Trut et al. 2009), would tend to preserve
the preferred traits in the population.
The key to this process is humans regularly feeding the
wolves and continually keeping only those living peacefully
and with the least trouble. Such human-
dependent and
bonded wolves still might roam from camp and even occasionally breed with wild wolves. However, if fed well
enough and regularly enough, as conditions at the time
would have allowed (Lahtinen et al. 2021), they would
have little reason to kill their own prey, the main reason
wild wolves roam so much (Mech et al. 2015). The probability of breeding with littermates or with human-selected,
mellow males from other human-raised litters, would be
high, thus keeping them reproductively separated from
wild wolves. Wolves are only in oestrus for two to four
weeks (Kreeger 2003), so with the proximity of other
wolves similarly raised, their chances of mating with those
wolves, rather than with wild wolves that range much
father and normally would avoid humans, is much greater.
This hypothesis of wolf domestication would work best,
or possibly only, in a philopatric culture where human-
selected wolves could use the same den each year, where
pairs could defend the same territory, and where other
environmental influences on the human–wolf relationship
remained stable. During the wolf-
dog whelping season,
the hunter–gatherer group would best have to return to
the same location, as some did at times (Binford 1983).
A regular surplus of meat would be needed, such as reindeer Rangifer tarandus hunters had (Binford 1990, Lahtinen
et al. 2021).
We offer the above pup-adoption hypothesis as more
in keeping with basic wolf ecology and behaviour than
other hypotheses, and as the hypothesis that better explains
why and how humans could have isolated wolves from
their ancestors, bred them selectively, and shaped them
into domestic dogs.

ACKNOWLEDGEMENTS
The authors thank S. H. Fritts for suggesting valuable
improvements on an earlier draft of this article, P. Crombé
for relevant information on hunter–gatherer lifestyles, and
D. Lawler, an anonymous reviewer, and Dr Nancy Jennings,
managing editor, for thorough critiques of the manuscript
and for many helpful suggestions for improving this
article.

REFERENCES
Adams JR, Vucetich LM, Hedrick PW, Peterson RO,
Vucetich JA (2011) Genomic sweep and potential genetic

7

Wolf-domestication assessment

L. D. Mech and L. A. A. Janssens

rescue during limiting environmental conditions in an
isolated wolf population. Proceedings Royal Society B 278:
3336–3344. https://doi.org/10.1098/rspb.2011.0261.
Amiot C, Bastian B, Martens P (2016) People and
companion animals: it takes two to tango. BioScience 66:
552–560. https://doi.org/10.1093/biosci/biw051.
Banfield AWF (1964) Review of F. Mowat’s Never Cry Wolf.
Canadian Field Naturalist 78: 52–54.
Baumann C, Pfrengle S, Münzel SC, Molak M, Feuerborn
TR, Breidenstein A et al. (2021) A refined proposal for
the origin of dogs: the case study of Gnirshöhle, a
Magdalenian cave site. Scientific Reports 1: 5137. https://
doi.org/10.1038/s41598-021-83719-7.
Bergström A, Frantz L, Schmidt R, Ersmark E, Lebrasseur
O, Girdland-Flink L et al. (2020) Origins and genetic
legacy of prehistoric dogs. Science 370: 557–564. https://
doi.org/10.1126/science.aba9572.
Binford L (1983) Working at Archaeology. Academic Press,
New York, New York, USA.
Binford L (1990) Mobility, housing and environment: a
comparative study. Journal of Anthropological Research 4:
119–152.
Bradshaw JWS, Paul ES (2010) Could empathy for animals
have been an adaptation in the evolution of Homo
sapiens? Animal Welfare 19: 107–112.
Bridle JR, Ritchie MR (2001) Assortative mating and the
genic view of speciation. Journal of Evolutionary Biology
14: 878–879.
Camarós E, Münzel SC, Cueto M, Rivals F, Conard NJ
(2016) The evolution of Paleolithic hominin–carnivore
interaction written in teeth: stories from the Swabian Jura
(Germany). Journal of Archaeological Science: Reports 6:
798–809. https://doi.org/10.1016/J.JASREP.2015.11.010.
Carbyn LN, Fritts SH, Seip DR (1995) Ecology and
Conservation of Wolves in a Changing World. Occasional
Publication 35. Canadian Circumpolar Institute,
Edmonton, Alberta, Canada.
Chersini N, Hall NJ, Wynne CDL (2018) Dog pups’
attractiveness to humans peaks at weaning age. Anthrozoös
31: 309–318. https://doi.org/10.1080/08927
936.2018.1455454.
Clutton-Brock J (1981) Domesticated Animals from Early
Times. University of Texas Press, Austin, Texas, USA.
Coppinger R, Coppinger L (2001) Dogs: a Startling New
Understanding of Canine Origin, Behaviour and Evolution,
Scribner, New York, New York, USA.
Coppinger R, Coppinger L (2016) What is a Dog? University
of Chicago Press, Chicago, Illinois, USA.
Crisler L (1958) Arctic Wild. Harper and Brothers, New
York, New York, USA.
Darwin C (1868) The Variation of Animals and Plants under
Domestication, Vol 2. John Murray, London, UK.
Degerbøl M (1961) On a find of a Preboreal domestic dog
Canis familiaris L. from Star Carr, Yorkshire, with

remarks on other Mesolithic dogs. Proceedings of the
Prehistorical Society (New Series) 27: 35–55. https://doi.
org/10.1017/S0079497X0001598X
Derr M (2011) How the Dog Became the Dog: From Wolves
to our Best Friends. Penguin Books, London, UK.
Documentary National Geographic 100 Years Vol 038 White
Wolf (2017). https://www.youtube.com/watch?v=1lPqR
Y8pn3Q, accessed 10 September 2021.
Driscoll CA, Macdonald DW, O’Brien SJ (2009) From wild
animals to domestic pets, an evolutionary view of
domestication. Proceedings of the National Academy of
Sciences 106(Suppl 1): 9971–9978. https://doi.org/10.1073/
pnas.0901586106.
Ersmark E, Klütsch CFC, Chan YL, Sinding MHS, Fain SR,
Illarionova NA et al. (2016) From the past to the
present: wolf phylogeography and demographic history
based on the mitochondrial control region. Frontiers in
Ecology and Evolution 4 (Article 134): 1–12.
Fitzpatrick BM, Fordyce JA, Gavrilets S (2008) What, if
anything, is sympatric speciation? Journal of Evolutionary
Biology 21: 1452–1459.
Fredrickson R, Hedrick P (2002) Body size in endangered
Mexican wolves: effects of inbreeding and cross-lineage
matings. Animal Conservation 5: 39–43.
Fritts SH, Stephenson RO, Hayes RD, Boitani L (2003)
Wolves and humans. In: Mech LD, Boitani L (eds)
Wolves: Behavior, Ecology and Conservation, 289–316.
University of Chicago Press, Chicago, Illinois, USA.
Germonpré M, Lázničková-Galetová M, Sablin MV, Bocherens
H (2018) Self-domestication or human control? The Upper
Palaeolithic domestication of the wolf. In: Stepanoff C,
Vigne JD (eds) Hybrid Communities: Biosocial Approaches
to Domestication and Other Trans-species Relationships,
39–64. Routledge, London, UK.
Germonpré M, Van den Broeck M, Lázničková-Galetová M,
Sablin MV, Bocherens H (2021) Mothering the orphaned
pup: the beginning of a domestication process in the
Upper Palaeolithic. Human Ecology 49. https://doi.
org/10.1007/s10745-021-00234-z
Goddard J (1996) A real whopper. Saturday Night May:
46–64.
Grace ES (1976) Interactions between men and wolves at an
arctic outpost on Ellesmere Island. Canadian Field
Naturalist 90: 149–156.
Hall NJ, Lord K, Arnold AMK, Wynne CDL, Udell MAR
(2015) Assessment of attachment behaviour to human
caregivers in wolf pups (Canis lupus lupus). Behavourial
Processes 110: 15–21.
Harding L, Heffelfinger J, Paetkau D, Rubin E, Dolphin J,
Aoude A (2016) Genetic management and setting
recovery goals for Mexican wolves (Canis lupus baileyi) in
the wild. Biological Conservation 203: 151–159.
Hey J, Pinho C (2012) Population genetics and objectivity
in species diagnosis. Evolution 66: 1413–1429.

8

Mammal Review (2021) © 2021 The Mammal Society and John Wiley & Sons Ltd.

L. D. Mech and L. A. A. Janssens

Wolf-domestication assessment

Horard-Herbin MP, Tresset A, Vigne J-D (2014)
Domestication and uses of the dog in western Europe
from the Paleolithic to the Iron Age. Animal Frontiers 4:
23–31.
Janssens L, Giemsch L, Schmitz R, Street M, Dongen MS,
Crombé P (2018) A new look at an old dog: Bonn-
Oberkassel reconsidered. Journal of Archaeological Science
92: 126–138.
Janssens L, Miller R, Dongen S (2016a) The morphology of
the mandibular coronoid process does not indicate that
Canis lupus chanco is the progenitor to dogs.
Zoomorphology 135: 269–277.
Janssens L, Perri A, Crombé P, Van Dongen S, Lawler D
(2019) An evaluation of classical morphologic and
morphometric parameters reported to distinguish wolves and
dogs. Journal of Archaeological Science Rep 23: 501–533.
Janssens L, Spanoghe I, Miller R, Van Dongen S (2016b)
Can orbital angle morphology distinguish dogs from
wolves? Zoomorphology 135: 149–158.
Joly K, Sorum MS, Cameron MD (2018) Denning ecology
of wolves in east-central Alaska, 1993–2017. Arctic 71:
444–455.
Klinghammer E, Goodmann PA (1987) Socialization and
management of wolves in captivity. In: Frank H (ed)
Man and Wolf: Advances, Issues, and Problems in Captive
Wolf Research, 31–59. Dr. W. Junk Publishers, Boston,
Massachusetts, USA.
Kreeger TJ (2003) The internal wolf: physiology, pathology,
and pharmacology. In: Mech LD, Boitani L (eds) Wolves:
Behavior, Ecology, and Conservation, 193–217. University
of Chicago Press, Chicago, Illinois, USA.
Lahtinen M, Clinnick D, Mannermaa K, Sakari JS, Viranta S
(2021) Excess protein enabled dog domestication during
severe Ice Age winters. Scientific Reports Report 11: 7.
https://doi.org/10.1038/s41598-020-78214-4.
Laikre L, Ryman N (1991) Inbreeding depression in a
captive wolf (Canis lupus) population. Conservation
Biology 5: 33–40.
Larson G, Fuller DQ (2014) The evolution of animal
domestication. Annual Review of Ecology, Evolution, and
Systematics 45: 115–136.
Linnell JD, Andersen R, Andersone Z, Balciauskas L (2002)
The Fear of Wolves: a Review of Wolf Attacks on Humans.
Norwegian Institute for Nature Research, Trondheim,
Norway.
Linnell JDC, Kovtun E, Rouart I (2021) Wolf Attacks on
Humans: an Update for 2002–2020. NINA Report 1944.
Norwegian Institute for Nature Research, Trondheim,
Norway.
Loog L, Thalmann O, Sinding M-H, Schuenemann VJ, Perri
A, Germonpré M et al. (2020) Ancient DNA suggests
modern wolves trace their origin to a Late Pleistocene
expansion from Beringia. Molecular Ecology 2020:
1596–1610.

Lorenz K (1942) Die angeborenen Formen möglicher
Erfahrung [The innate conditions of the possibility
of experience]. Zeitschrift Für Tierpsychologie 5:
235–4 09.
Lupo KD (2019) Hounds follow those who feed them: what
can the ethnographic record of hunter-gatherers reveal
about early human-canid partnerships? Journal of
Anthropological Archaeology 55: 1–14.
Lyons J (1967) The psychology of cave art. Journal of
Aesthetics and Art Criticism 26: 107–114.
Marshall-Pescini S, Schwarz JFL, Kosteinik I, Virányi Z,
Range F (2017) Importance of a species’ socioecology:
wolves outperform dogs in a conspecific cooperation task.
Proceedings of the National Academy of Sciences 114:
11793–11798.
McNay ME (2002) Wolf-human interactions in Alaska and
Canada: a review of the case history. Wildlife Society
Bulletin 30: 831–843.
Mech LD (1970) The Wolf: The Ecology and Behavior of an
Endangered Species. Natural History Press, Doubleday
Publishing Co., New York, New York, USA.
Mech LD (1988a) The Arctic Wolf: Living with the Pack.
Voyageur Press, Stillwater, Minnesota, USA.
Mech LD (1988b) Longevity in wild wolves. Journal of
Mammalogy 69: 197–198.
Mech LD (1993) Resistance of young wolf pups to
inclement weather. Journal of Mammalogy 74: 485–486.
Mech LD (1999) Alpha status, dominance, and division of
labor in wolf packs. Canadian Journal of Zoology 77:
1196–1203.
Mech LD (2017) Extinguishing a learned response in a wild
wolf. Canadian Field Naturalist 131: 23–25.
Mech LD (2019) Do indigenous American peoples’ stories
inform the study of dog domestication from wolves?
Ethnobiology Letters 10: 69–75.
Mech LD, Barber-Meyer SM, Erb J (2016) Wolf (Canis
lupus) generation time and proportion of current
breeding females by age. PLoS One 11: e0156682.
Mech LD, Boitani L (2003) Wolves, Behaviour, Ecology, and
Conservation. University of Chicago Press, Chicago,
Illinois, USA.
Mech LD, Cluff HD (2011) Movements of wolves at the
northern extreme of the species’ range including during
four months of darkness. PLoS One 6: e25328.
Mech LD, Meier TJ, Seal US (1993) Wolf nipple
measurements as indices of age and breeding status.
American Midland Naturalist 129: 266–271.
Mech LD, Seal US (1987) Premature reproductive activity in
wild wolves. Journal of Mammalogy 68: 871–873.
Mech LD, Smith DW, MacNulty DR (2015) Wolves on
the Hunt. University of Chicago Press, Chicago, Illinois,
USA.
Mech LD, Tracy S (2004) Record high wolf, Canis lupus,
pack density. Canadian Field Naturalist 118: 127–129.

Mammal Review (2021) © 2021 The Mammal Society and John Wiley & Sons Ltd.

9

Wolf-domestication assessment

L. D. Mech and L. A. A. Janssens

Mech LD, Wolf PC, Packard JM (1999) Regurgitative food
transfer among wild wolves. Canadian Journal of Zoology
77: 1192–1195.
Miller FL (1978) Interactions between men, dogs, and
wolves on western Queen Elizabeth Island, Northwest
Territories, Canada. Musk-ox 22: 70–72.
Miller FL (1995) Status of wolves in the Canadian Arctic
Islands. In: Carbyn LN, Fritts SH, Seip DR (eds) Ecology
and Conservation of Wolves in a Changing World, 35–42.
Canadian Circumpolar Institute, Edmonton, Alberta,
Canada.
Mills KJ, Patterson BR, Murray DL (2008) Direct estimation
of early survival and movements in eastern wolf pups.
The Journal of Wildlife Management 72: 949–954.
Mondry H (2017) Puppy politics and milk brotherhood in
Khlebnikov’s ‘The Night before the Soviets’. Russian
Literature 87: 17–32.
Morey D (1994) The early evolution of the domestic dog.
American Scientist 82: 336–347.
Mowat F (1963) Never Cry Wolf. Dell Publishing Company,
New York, New York, USA.
Murie A (1944) The Wolves of Mount McKinley. Fauna
Series No. 5, U. S. Government Printing Office,
Washington, DC, USA.
Newsome TM, Boitani L, Chapron G, Ciucci P, Dickman
CR, Dellinger JA et al. (2016) Food habits of the world’s
grey wolves. Mammal Review 46: 255–269.
Nowak RM (2003) Wolf evolution and taxonomy. In: Mech
LD, Boitani L (eds) Wolves: Behavior, Ecology, and
Conservation, 239–258. University of Chicago Press,
Chicago, Illinois, USA.
O’Connor TP (1997) Working at relationships: another look
at animal domestication. Antiquity 71: 149–156.
Packard JM (2003) Wolf behavior: reproductive, social and
intelligent. In: Mech LD, Boitani L (eds) Wolves:
Behavior, Ecology, and Conservation, 35–65. University of
Chicago Press, Chicago, Illinois, USA.
Parmelee DF (1964) Myth of the wolf. Beaver 295: 4–9.
Pierrotti R, Fogg B (2017) The First Domestication: How
Wolves and Humans Coevolved. Yale University Press,
New Haven, Connecticut, USA.
Pimlott DH, Mowat F (1966) Review of F. Mowat’s Never
Cry Wolf. Journal of Wildlife Management 30: 236–237.
Räikkönen J, Vucetich JA, Peterson RO, Nelson MP (2009)
Congenital bone deformities and the inbred wolves (Canis
lupus) of Isle Royale. Biological Conservation 142:
1027–1033.
Range F, Marshall-Pescini S, Kratz C, Viranyi Z (2019)
Wolves lead and dogs follow, but they both cooperate
with humans. Scientific Reports 9(1). https://doi.
org/10.1038/s41598-019-40468-y.
Range F, Virányi Z (2014) Wolves are better imitators of
conspecifics than dogs. PLoS One 9(1): e86559. https://
doi.org/10.1371/journal.pone.0086559

Seal US, Plotka ED, Packard JM, Mech LD (1979)
Endocrine correlates of reproduction in the wolf. Biology
of Reproduction 21: 1057–1066.
Serpell JA (2021) Commensalism or cross-species adoption?
A critical review of theories of wolf domestication.
Frontiers in Veterinary Science 8: 662370. https://doi.
org/10.3389/fvets.2021.662370.
Shipman P (2015) How do you kill 86 mammoths?
Taphonomic investigations of mammoth megasites.
Quaternary International 359: 38–46.
Simoons FJ, Baldwin JA (1982) Breast-feeding of animals by
women: its socio-cultural context and geographic
occurrence. Anthropos 77: 421–448.
Smith BP, Litchfield CA (2009) A review of the relationship
between indigenous Australians, dingoes (Canis dingo)
and domestic dogs (Canis familiaris). Anthrozoös 22:
111–128. https://doi.org/10.2752/175303709X434149.
Smith D, Meier T, Geffen E, Mech LD, Burch JW, Adams
LG, Wayne RK (1997) Is incest common in gray wolf
packs? Behavioral Ecology 8: 384–391.
Stahler DR, MacNulty DR, Wayne RK, vonHoldt B, Smith
DW (2013) The adaptive value of morphological,
behavioural and life-history traits in reproductive female
wolves. Journal of Animal Ecology 82: 222–234.
Sykes B (2019) The Science Behind Our Dogs’ Astonishing
Genetic Evolution. Liveright Publishing Corporation, New
York, New York, USA.
Thieme H (1997) Lower Palaeolithic hunting spears from
Germany. Nature 385: 807–810.
Thurber JM, Peterson RO, Drummer TD, Thomasma SA
(1994) Gray wolf response to refuge boundaries and
roads in Alaska. Wildlife Society Bulletin 22: 61–68.
Trut L, Oskina I, Kharlamova A (2009) Animal evolution
during domestication: the domesticated fox as a model.
BioEssays 31: 349–360.
Virányi Z, Range F (2014) On the way to a better
understanding of dog domestication: aggression and
cooperativeness in dogs and wolves. In: Kaminski J,
Marshall-Pescini S (eds) The Social Dog: Behaviour and
Cognition, 35–62. Academic Press, Amsterdam, the
Netherlands.
vonHoldt BM, Shuldiner E, Koch IJ, Kartzinel RY, Hogan
A, Brubaker L et al. (2017) Structural variants in genes
associated with human Williams-Beuren syndrome
underlie stereotypical hypersociability in domestic dogs.
Science Advances 3: e1700398. https://doi.org/10.1126/
sciadv.1700398.
Wam HK, Eldegard K, Hjeljord O (2012) From overlooking
to concealed: predator avoidance in an apex carnivore.
European Journal of Wildlife Research 58: 1001–1003.
Wayne RK, Lehman N, Girman D, Gogan P, Gilbert DA,
Hansen K et al. (1991) Conservation genetics of the
endangered Isle Royale gray wolf. Conservation Biology 5:
41–51.

10

Mammal Review (2021) © 2021 The Mammal Society and John Wiley & Sons Ltd.

L. D. Mech and L. A. A. Janssens

Wayne RK, Vila C (2003) Molecular genetics studies of
wolves. In: Mech LD, Boitani L (eds) Wolves: Behavior,
Ecology and Conservation, 218–238. University of Chicago
Press, Chicago, Illinois, USA.
Wu CI (2001) The genic view of the process of speciation.
Journal of Evolutionary Biology 14: 851–865.

Mammal Review (2021) © 2021 The Mammal Society and John Wiley & Sons Ltd.

Wolf-domestication assessment

Zeuner F (1963) The Dog. Harper and Row, New York,
New York, USA.
Zimen E (1987) Ontogeny of approach and flight behavior
towards humans in wolves, poodles and wolf–poodle
hybrids. In: Frank H (ed) Man and Wolf, 275–292. Dr.
W. Junk Publishers, Boston, Massachusetts, USA.

11

