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Abstract
Several hypotheses have been proposed to explain the initial steps in the domestication process of the wolf. We discuss the 
human-initiated model in which wolf pups were brought to camp sites by male hunters and cared for by nursing women. A 
good relation between the more sociable and playful pups and the women and their children likely formed affiliative bonds 
and led to the survival of such pups into maturity. Some of these animals could have reproduced and delivered at least one 
litter. A selection on the behaviour of subsequent generations could ultimately have led to Palaeolithic dogs.

Keywords  Upper Palaeolithic · Domestication · Wolf pup · Gender · Age · Animism · Small-scale societies · Northern 
Eurasia · The Americas

Introduction

According to Ducos (1978, 1989) and Clutton-Brock (1989), 
domestication is a process that can only start when tamed 
animals become part of a human socioeconomic structure. 

Recent studies of human-animal relations in the past 
emphasize not only strategies of control and domination but 
also notions of trust, mutualism, interdependency, caretaking, 
and co-existence (Anderson 2014; Lien 2015; Pasarić and 
Warren 2019). Galton (1865) was probably the first to 
propose that domestication developed out of the tendency 
of prehistoric peoples to keep young wild animals (Loovers 
et al. 2018). His premise of selecting the most docile 
individuals to be raised and to breed was later adopted by 
several researchers (e.g., Clutton-Brock 1995; Germonpré 
et al. 2018; Loovers et al. 2018; Müller 2005; Sauer 1952). 
Recently however, the assumption of a self-domestication 
model of the wolf that proposes less wary wolves were 
attracted to prehistoric human camp sites to scavenge stored 
food or refuse dumps, eventually becoming habituated to 
humans and colonizing the human dominated environment, 
is gaining favour. According to this premise, the descendants 
of the habituated wolves would become domesticated 
through more intensive human selection (e.g., Coppinger 
and Coppinger 2001; Hare 2017; Larson and Fuller 2014; 
Stahl 2016; Zeder 2012). Some critiques of this model 
concerning the accessibility of stored food and garbage and 
the behaviour of habituated wolves are formulated by Koler-
Matznick (2002), Germonpré et al. (2018), and Lupo (2019). 
Further, in the ethnographic context of the circumpolar 
North, wild animals that come to a camp site uninvited at 
night or enter a camp to steal food generally induce negative 
human reactions (Hallowell 1960; Laugrand 2017; Simonova 
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2018). However, at kill sites meat or spoils are often set aside 
for wolves and other predators (Brandišauskas 2017; Pierotti 
and Fogg 2017; Sharp and Sharp 2015). The human-initiated 
model suggests that wolf pups were taken from their dens 
by Upper Palaeolithic hunters and brought to the camps to 
be raised for different motives; the most sociable pups could 
have survived until adulthood and reproduced; a selection 
on docile behaviour in subsequent generations could have 
led in the long run to Palaeolithic dogs (e.g., Germonpré 
et al. 2018, 2020; Müller 2005). We argue that such a 
domestication process could have started in several hunter-
gatherer societies over northern Eurasia during the Upper 
Palaeolithic. As the scope of this paper is to examine in detail 
the first steps in the human-initiated domestication path 
based on arguments derived from developmental biology, 
archaeology, and ethnography, we do not develop here a more 
profound analysis of the self-domestication hypothesis. The 
first incipient dogs, which we describe as Palaeolithic dogs, 
are all from sites located above 44°N. These canids represent 
a unique morphotype that is characterised by an absolutely 
and relatively shorter skull, snout, and jaw and a relatively 
wide palate and braincase compared to sympatric Pleistocene 
wolves (Galeta et al. 2021; Germonpré et al. 2009, 2017a). 
Although such shape characteristics match well a pattern 
that has been observed in ancient dog skulls (Morey 1992; 
Sablin and Khlopachev 2002), Palaeolithic dogs nevertheless 
differ morphometrically from extant dogs (Galeta et al. 
2021; Germonpré et al. 2017a, b). Yet, the attribution of 
canid skeletal elements dating from before the Last Glacial 
Maximum (LGM), an extremely cold and dry period dating 
from 23,000 years to 19,000 years ago (Mix et al. 2001) to 
incipient dogs is not unequivocally accepted (e.g., Janssens et 
al. 2019; Morey and Jeger 2015), but see a rebuttal in Galeta 
et al. (2021). In this contribution, we review some ideas of 
how, during the Upper Palaeolithic but at an ontogenetic time 
scale, wild wolf pups could have been raised at the camp sites 
and how, after several generations of selection on behaviour, 
a population of tamed canids living with humans could have 
evolved into Palaeolithic dogs.

Evidence and Methods

We use ethnographic data on forager societies, especially 
concerning the relations between humans and wild and 
tame animals, in conjunction with archaeological and 
zooarchaeological data gathered from Upper Palaeolithic 
sites, and zoological data concerning the development and 
growth of extant wolf and dog pups and their interactions 
with humans. We searched the ethnographic literature on 
circumpolar and Amerindian small-scale societies for 
practices concerning how young, wild animals are integrated 
in the daily life of the peoples from these societies. Our 

search was by no means exhaustive nor quantitative. We 
focused on studies of so-called animist societies (Willerslev 
2011) in the circumpolar North and the Americas since 
it has been proposed that Upper Palaeolithic societies 
could also have been animistic (Hussain and Floss 2015; 
Porr and de Maria 2015; Wallis 2014; Willerslev 2011). 
A word of caution must be added, since this ethnographic 
documentation deals with peoples who have, in contrast to 
Palaeolithic populations, knowledge about and/or experience 
with dogs. In addition, we agree with French (2019) that 
the diversity of past societies and traditions must have 
been much richer than can be deduced from ethnographic 
information concerning contemporary small-scale societies 
and that there could be an absence of a recent counterpart 
in the Palaeolithic record. Although the communities that 
left their traces at these sites have disappeared, we believe 
that, as proposed by among others Porr (2001) and Hussain 
(2019), the use of anthropological analogies can facilitate 
our interpretations of the fossil data, whilst we should not 
drive the analogies too far. Nevertheless, human behaviour, 
based on biological and cultural directives, was adaptive in 
the Late Pleistocene and is today (Kelly 2013). We assume 
the principle of uniformitarianism as advocated by Kelly 
(2013: 273): “living foragers are not identical to those 
of the past but living foragers do operate under the same 
principles as did prehistoric hunter-gatherers.” We use the 
feeding patterns and requirements of extant canid pups as a 
basis to detail the first steps in the human-initiated model 
of the domestication of the wolf. We then discuss some of 
the advantages of keeping tame wild animals at camp sites. 
Finally, we synthesize all these outcomes in a tentative 
narrative on the beginnings of the wolf domestication and 
point out the possible role of gender and age in this process. 
We argue that the integration of wild wolf pups in the life of 
Upper Palaeolithic foragers initiated the domestication of the 
dog (Germonpré et al. 2015, 2018).

Results

Mothering the Orphaned Pup

Numerous descriptions of the bringing home of young 
wild animals, such as wolf and fox pups, bear cubs, and 
infant monkeys, by hunters1 in small-scale societies to be 
raised there can be found in the ethnographic literature 
(e.g., Costa 2017; Drucker 1951; Franklin 1824; Hamayon 
1990; Murdoch 1892; Walker 2005). In these societies and 

1  Although the ethnographic record indicates that women in several 
small-scale societies do hunt, hunting is primarily undertaken by men 
(Kelly 2013).
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those of the Upper Palaeolithic, the raising of wild young 
animals could have fulfilled several roles connected to 
social organization, prestige display, access to corporal 
products, symbolic and ritual activities, or could be related 
to an animistic worldview in which non-human persons are 
invited to share the space (Germonpré et al. 2018, 2020 
and references therein). The best way to socialize a wolf is 
to remove the pups from their mother and hand-rear them 
before they open their eyes when they are 12 days old. At 
this tender age they can become attached to their human 
caretakers (Gaćsi et al. 2005; Hall et al. 2015; Lord 2013; 
Ujfalussy et al. 2017). One main question is how these 
young animals could have been fed and taken care of at 
Palaeolithic camp sites.

In North America, during pre-contact and early post-
contact times, women cared for dog puppies (Delâge 2005; 
McCormack 2018; Wilson 1924). Ample ethnographic evi-
dence exists that dog puppies were breastfed by several cul-
tural groups around the world (e.g., Denys 1908; Langkavel 
1899; Milliet 1994, 2003; Sauer 1952; Simoons and Baldwin  
1982; von Wrangel 1839). And in certain small-scale socie- 
ties, a tradition existed that young captive wild animals were 
also nursed by and/or given pre-masticated food by women 
(e.g., Ainu and Tlinget women nursed bear cubs (Batch-
elor 1901; de Laguna 1972); bear cubs and wolf pups in 
Siberia (Hamayon 1990); Guajá women fed infant monkeys 
(Cormier 2003a); Samoed women cared for arctic fox pups 
(Klokov 2011)). In Amazonia, if a hunter kills an animal  
with an infant, the young is taken to the camp site and handed over  
to the women; it is the wife of the hunter who decides if the  
infant will be eaten or raised (Cormier 2003a; Costa 2017). 
Women are perceived to understand pets in a way that men  
do not (Cormier 2003b). At the camp, the young is tied to a post until  
it is accustomed to the domestic sphere (Costa 2017). Simi- 
larly, in Siberia, Tozhu herders tie up their domestic reindeer 
at the campsite so that the deer can become familiarized to 
human smells, voices, and touch (Stépanoff 2012). Many of 
the wild pets die within weeks or months after their arrival 
in the camp due to stress, neglect, and/or malnutrition, or 
they return to their habitat (Costa 2017; Drucker 1951; 
Simonova 2018). Others are given away by their owner and 
can then be killed (Costa 2017). If the animal survives, feed-
ing by its woman owner can develop a relationship between 
the two and can be seen as a form of mothering (Cormier 
2003b) since the young animal becomes completely depend-
ent on their caretaker for their survival (Costa 2017). It is 
interesting in this context that in modern dogs, exposure to 
human handling during the nesting period seems to have 
a beneficial influence on developing the desired behaviour 
of a confident, non-aggressive social companion (Fox and 
Stelzner 1966; Gazzano et al. 2008). Young wild animals 
reared by women can be considered as surrogate children, as 
is the case in both Amazonia (Cormier 2003a; Costa 2017) 

and also in Siberia, where childless Ket families raised bear 
cubs captured when their mother was killed as their sons or 
daughters (Alexejenko 1963).

If the beginnings of the wolf domestication process were 
indeed initiated by humans, this would mean that at Upper 
Palaeolithic camp sites, captive wolf pups must have been 
provisioned with appropriate nourishment. This would have 
included milk and additional food sources (Lupo 2017; Müller 
2005; Sauer 1952; Simoons and Baldwin 1982).

Mother’s Milk and Egg Yolk

In wolf pups, the transition from milk feeding to solid nour-
ishment begins when the pups are about five to six weeks 
old. When pups are seven weeks old, they frequently feed 
on regurgitated food provided by their mother and other 
pack members. At eight weeks the wolf pups become less 
dependent on milk. By 11 weeks they are weaned and adapt 
to non-regurgitated food (Packard 2003, 2019; Packard et al. 
1992). Nutritional weaning in dogs normally starts at four to 
four and a half weeks (Mapletoft et al. 1974; Peterson 2011; 
Prendergast 2011), but supplementary feeding (in artificially 
fed pups) can start as early as at three to four weeks (Case 
et al. 2011; Earle 1939; Hoskins 2001; Rootkustritz 2006). 
The supplementary feeding comprises introducing semi 
solid food several times per day initially in small quantities 
(Case et al. 2011; Kirk 2001; Peterson 2011), and gradually 
increased in solidity and size so that by six to eight weeks 
the pups should be able to eat solid food (Case et al. 2011).

Current wolf-socializing experiments have been con-
ducted mainly by women, based on the few publications that 
mention the gender of the persons working with the wolves 
(e.g., Topál et al. 2005). In these experiments, wolf pups 
are separated from their mothers when they are less than ten 
days old and their eyes are still closed. The pups are at first 
bottle-fed and from the age of about three to four weeks are 
gradually hand-fed solid food (Gaćsi et al. 2005; Ujfalussy 
et al. 2017). The composition of milk differs greatly amongst 
species (Jenness 1986; Skibiel et al. 2013). The milk of car-
nivores generally has a higher fat, protein, dry matter, and 
energy concentrations and a lower lactose concentration than 
milk of herbivorous and omnivorous species (Iverson 2007; 
 Jenness 1986; Skibiel et al. 2013). Of the protein fraction 
of milk, the casein/whey ratio also differs between spe- 
cies (Case et al. 2011; Jenness 1986). Furthermore, in most 
species milk composition changes over the course of lactation 
(Iverson 2007; Jenness 1986; Oftedal and Iverson 1995). In 
dogs, protein concentration decreases in the first three weeks, 
then slightly increases until weaning; the concentration of 
lipids follows the same pattern, but less pronounced, and the 
energy content decreases gradually during peak lactation but 
then increases till it reaches its highest level at weaning age 
(Adkins et al. 2001; Case et al. 2011). Characteristically for 
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dogs, as for cats, horses, pigs, and ruminants, but in contrast 
to primates, rodents, and rabbits, puppies are born with very 
low systemic immunity (Case et al. 2011; Chastant-Maillard 
et al. 2017). The intake of colostrum during the first hours 
after birth and preferably the first two days of life is there-
fore crucial for the survival of new-born puppies (Case et al. 
2011; Chastant-Maillard et al. 2017). After this, however, it 
is possible, albeit difficult, to raise orphaned puppies on milk 
from other species, despite the differences in milk composi-
tion. Pups must best be fed every six hours (Buffington et 
al. 2004). In the time before commercial milk replacements 
were available, homemade formulas for nursing orphaned 
dog puppies consisted of diluted cow or goat milk, enriched 
with egg yolk (and sometimes teaspoons of vegetable oil and 
calcium carbonate) (Hoskins 2001; Mapletoft et al. 1974; 
Prendergast 2011; Rootkustritz 2006). Although already too 
low in protein, fat, and energy content, cow or goat milk 
must be diluted because of the high lactose content, which 
would cause severe diarrhoea in the puppy (Case et al. 2011; 
Mapletoft et al. 1974; Peterson 2011; Prendergast 2011). The 
protein and fat deficiency can partially be compensated by 
adding egg yolk (Case et al. 2011; Mapletoft et al. 1974; 
Peterson 2011; Prendergast 2011).

In Palaeolithic camp sites, the feeding of captive 
wolf pups must have been most difficult when the pups 
were less than 10/12  days old—their presumed age  
at arrival in the human society—and 11 weeks old, when 
they could feed on solid food. The requirement for the 
pups to receive milk during their first weeks in order to 
survive put the role of women, who must be lactating at 
this precise moment, central in the initiation of the wolf 
domestication process (Milliet 1994, 2003, 2007; Müller 
2005; Sauer 1952). In the Upper Palaeolithic, when cow 
or goat milk was not yet available, young puppies could 
have been raised on a combination of human breast  
milk and raw egg yolk while drinking water was given 
just before or after nursing in order to dilute the human 
milk. In Inuit communities, egg gathering is focused on 
ground nesting species (Natcher et al. 2012). In several 
Upper Palaeolithic sites, bones of ground nesting birds 
such as swans, geese, ducks, ptarmigans, and grouse 
have been recovered (Goffette et al. 2020; Wertz et al. 
2016). At the Belgian Magdalenian Trou de Chaleux site, 
human modifications indicative of meat removal, likely 
for consumption, occur on bones of duck and ptarmigan 
(Goffette et al. 2020). A few Upper Palaeolithic sites 
yielded even eggshell fragments: from a swan at the Swiss 
Magdalenian Champréveyres site (Müller et al. 2006) and 
from a capercaillie at the Gravettian Krems-Hundssteig 
site in Austria (Wertz et al. 2016). This evidence shows 
that Upper Palaeolithic people killed ground nesting birds 
and harvested their eggs that could then have been used to  
supplement the diet of canid puppies.

Eggs have high biological value protein (Sanderson 2013). 
In diets for pups, the protein efficiency of raw egg yolk is 
superior to that of beef muscle (Mabee and Morgan 1951) 
and less of its proteins are needed to supply the essential 
amino acid requirements compared to other protein sources 
(Sanderson 2013). Nevertheless, there would have been a 
high risk of succumbing due to malnutrition and diarrhoea 
because of the extreme high lactose concentration in human 
milk (Mitoulas et al. 2002). Furthermore, a protein deficient 
diet could cause reduced growth, anaemia, impaired immune 
function, and oedema in puppies (Nap and Hazewinkel 1994; 
Platt and Stewart 1968; Sanderson 2013). Platt and Stewart 
(1968) demonstrated that beagle pups fed a low-protein diet 
did not attain a normal adult body size: their maxilla and 
mandible and their long bones remained shorter than those of 
well-nourished pups. This was even more pronounced in pups 
in litters from malnourished bitches. Possibly a suboptimal 
diet could be one of the causes of the decreased snout length 
and body mass observed in Palaeolithic dogs (e.g., Germonpré 
et al. 2017b; Morey 1992). Once the pups were three to four 
weeks old, semi-solid food could have been introduced.

Body Warmth and Massage

Dogs are altricial species: puppies are born poorly developed 
and dependent (Derrickson 1992). Besides being blind, deaf, 
and relatively immobile they characteristically have poor self-
thermoregulation (Derrickson 1992; Rickard 2011; Santos et 
al. 2020). This is the result not only of a relatively high ratio of 
surface area to body mass and a limited store of subcutaneous 
fat, but also because puppies have a poorly developed 
vasoconstriction mechanism and do not have an active shiver 
reflex until they are about six days old (Kredatusova et al. 2011; 
Peterson 2011). Nevertheless, it seems that some young wolf 
pups can withstand inclement environments (Mech 1993). In 
dog litters, puppies seek reflexively the warmth of their mother 
and siblings by crawling towards them (Mapletoft 1974). It is 
essential for orphaned puppies to be kept warm by the surrogate 
mother and be fed warm milk. Puppies vocalize when suffering 
cold (Mapletoft 1974; Peterson 2011). Furthermore, during the 
first three weeks of life, micturition and defecation in puppies is 
reflex-based and requires perineal stimulation. During that time, 
the surrogate mother can mimic the mother’s licking tongue by 
gently rubbing the pup’s anus and genitals with a moist, warm 
‘cloth’ (Hoskins and Sheldon 2001; Peterson 2011).2 Baby 
massage is a traditional practice in several regions of the world 
to increase stool frequency in new-borns (Basiri-Moghadam 
et al. 2015). It can thus be presumed that Palaeolithic mothers 
knew about this practice.

2  Other mammals (e.g., deer, squirrels, rabbits) also require such 
stimulation (Gage and Duerr 2019).
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In summary, the caretaking of young, orphaned mam-
mals does not need sophisticated tools, but can be done 
by women’s use of their own body, bare hands, and basic 
instruments (Milliet 1994). The new-born pups must have 
been stimulated to urinate and defecate, and fed by nurs-
ing, providing liquid egg yolk and pre-masticated food, and 
maintaining bodily contact to keep their body temperature 
stable to survive. The fostering of orphaned wolf pups must 
have made the caring women the true owners of the captive 
animals (cf. Costa 2017).

Growing Pets

From the ethnographic literature, it is evident that adopted 
wild animals do not grow very old in captivity. They suc-
cumb to unsuitable treatment, escape, are given away to 
be eaten, or are killed (Alexiades 1999; Cormier 2003a, b; 
Costa 2017; Drucker 1951; Murdoch 1892; Simonova 2018; 
Simoons and Baldwin 1982; Wasselkov 2020). Once physi-
cally mature, captive animals can be released in the wild like 
the bears adopted by the Ket (Alexejenko 1963), the Inuit 
(Laugrand and Oosten 2015), and other North American 
Indigenous societies (Heizer and Hewes 1940; Wasselkov 
2020) or pet monkeys in Amazonia (Cormier 2003a, b). 
Grown pets can be given away or exchanged (Costa 2017) 
or can be ceremonially killed, such as in the tapir-feast of the 
Amazonian Cashibo (Frank 1987), the bear sending-away 
ritual of the Ainu (Kitagawa 1961; Yamada 2001), or the 
Huron bear celebration (Tooker 1964; Trigger 1969). In the 
latter cases, the animals are eaten, although adopted pets 
are rarely used as a food source (Alexiades 1999; Cormier 
2003a, b; Costa 2017; Descola 2013). However, the meat of 
a pet can also be consumed once it gives birth to offspring. 
The she-animal is no longer considered a pet the moment she 
becomes a mother (Fausto, personal communication cited  
in Costa 2017). Although in general familiarized animals do  
not reproduce in captivity (Descola 2013) it nevertheless 
occurs occasionally. According to Cormier (2003a), two 
brown capuchin monkeys raised by the Guajá in the 1990s 
produced offspring.

Children and Wild Pets

Literature on children caring for wild pets is limited  
(Fig. 1). In North America, several Athabascan groups 
kept various young animals as pets such as bear cubs, fox 
and wolf pups, and birds from which both children and 
adults learned about animal behaviour (Savishinsky 1974)  
(Fig. 1). Lowie (1935) reported that Crow Indians brought  
home bison calves from the hunt as pets for their children.  
In the Californian Tiibatulabal society, young coyotes kept as pets  
could be inherited by sons from their father (Kroeber 1925).  
In Amazonia, children can take on responsibility for the care 

and the feeding of a pet from their mother (Costa 2017); 
girls become the primary caretakers of the pets, boys play 
with them and can develop their hunting skills through close 
contacts with the pets (Cormier 2003a, b; Erikson 2000). 
Ainu children played with small bear cubs brought to the 
village by the hunters; once the cubs were grown they were 
placed in cages (Batchelor 1892). In Siberia, Evenki people 
kept tethered wild animals to learn their behaviour patterns 
and as amusement for the children, which Shirokogoroff 
(1935) describes as an example of experiments with the 
domestication of wild animals. According to Simonova 
(2018), a single wild animal brought into the camp helps 
Evenki people to conceptualise their knowledge about an 
entire species. Furthermore, the invited animal is perceived 
as a representative of a world of wildness that is willing 
to become closer to people than to others of their kind 
(Simonova 2018). The desire to acquire knowledge and to 
pass this knowledge on to other members of their community 
could have been one of many intertwined motives for Upper 
Palaeolithic hunters to bring home wild wolf pups (see also 
Germonpré et al. 2018), although as they grew larger the  
canids had to be confined in small enclosures or tethered to a post  
(Fig. 1) to protect children from their natural predatory behaviour 
(Linnell et al. 2002). Interestingly, John Murdoch (1892)  
noted that an Alaskan Iñupiat family had tethered two wolf 
pups, captured and raised for their fur, outside the village. 
In Hare society, dogs are tied to stakes behind the houses 
so that the central area of the village is free for walking and 
playing (Savishinsky 1974).

Fig. 1   Boy with captured and tied up wolf pups, Attawapiskat, 
Ontario (photo by John Macfie, 1963), photo credit The Archives of 
Ontario (C 330–12)
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Stress, Sociability, and Size

In several domesticated species widespread changes 
relative to their wild ancestors to glutamate receptor 
genes, which account partially for the fear response, have 
been detected (O’Rourke and Boeckx 2020). In domestic 
dogs, baseline levels of glucocorticoids, which modulate 
glutamatergic pathways, are lower than in wolves (Kikusui 
et al. 2019). The glutamate receptors have an important 
role in regulating and attenuating the stress response of the 
hypothalamic–pituitary–adrenal (HPA) axis, which is derived 
from neural crest cells (Li et al. 2014; O’Rourke and Boeckx 
2020; Pendleton et al. 2018). Lowered stress hormone levels 
in gravid (pre-) domestic females, presumably resulting 
from a dysregulated HPA-axis possibly due to different 
types and timing of early life stresses compared to their 
wild conspecifics, could result in neural crest hypofunction 
and cell differentiation changes in the embryos they are 
carrying (O’Rourke and Boeckx 2020). Hypofunction of 
the neural crest cells can influence the tameness of animals 
and alter craniofacial proportions (Trut et al. 2004; Wilkins 
et al. 2014). In addition, dog pups born from malnourished 
mothers have different craniofacial proportions compared to 
pups from well-fed mothers (Platt and Stewart 1968). Also, 
in Novosibirsk Trut and Kharlamova (2020) observed a 
decrease in the growth rate of the facial skull of tame farm-
bred foxes during the first months of postnatal ontogenesis 
resulting in a shorter skull compared to unselected foxes. 
Moreover, Kukekova et al. (2018) found in the different 
strains of the farm-bred foxes several haplotypes in the 
SorCS1gene involved in glutamatergic signalling that differ 
in frequencies between the tame and aggressive fox strains. 
The fact that SorCS1 is involved in aggressive and anxious 
behaviour supports the hypothesis that genes coding for 
different types of glutamate receptors are associated with the 
domestication of the dog. Indeed, Wang et al. (2016) found 
that the glutamate receptor genes in indigenous Chinese 
dogs show signs of positive selection that likely happened at 
the beginning of the domestication process. Li et al. (2014) 
showed that genes involved in the glutamate metabolism 
differ in a whole-genome population comparison between 
dogs and wolves, suggesting that pleiotropic functions of 
the glutamate neurotransmitter may have contributed to 
the domestication of the wolf. In addition to the reactive 
behaviour of canids, coordination, cooperation, and 
playfulness must be considered in the domestication process 
of the wolf (Kikusui et al. 2019). The hormone oxytocin is 
associated with intraspecies prosocial behaviour. In the latter 
type of functional adaptation, oxytocin plays a critical role 
as increasing levels of oxytocin inhibits the HPA activation 
(Kikusui et al. 2019). Interestingly, Oliva et al. (2016) found 
that markers close to oxytocin receptor genes differ between 
extant dogs and wolves. Topál et al. (2005) hand-reared wolf 

pups, which, although they became tame and socialized, did 
not develop the same strong bond to their handler as dogs 
do. Human-directed prosocial behaviour of dogs is probably 
facilitated by oxytocin through interaction with the HPA 
axis (Buttner 2016). Dogs likely evolved this capacity for 
attachment to humans during the domestication process.

Playfulness in Children and Pups

In western societies, children who have pets and play with 
them regularly perceive them as special friends and provid-
ers of social interactions (Geerdts et al. 2015; Lookabaugh 
Triebenbacher 1998). Through these interactions children  
can increase their biological knowledge, develop a more 
human-inclusive representation of animals and come to  
regard animals as a community of social others (Geerdts et 
al. 2015; Myers and Saunders 2002). Furthermore, young  
children living with dogs show advanced socio-emotional 
development (Dueñas et al. 2021). Spencer (1959) noted that 
Alaskan Iňupiaq little girls treated dog puppies as babies. In 
Hare society, dogs and children socialize each other; young 
children care for and feed their pups, while at the same time 
they learn dogs’ behaviours (Savishinsky 1974). In Siberia,  
a kind of dual apprenticeship (Vaté 2013) develops between 
children and dog puppies. Among the Chukchi reindeer  
herders, pups that are the playthings of little children have 
the reputation of becoming very skilled dogs (Vaté 2013).  
Oka-Soiot children (Oehler 2018) also play and social- 
ize with their dog puppies. For the Evenki, children and  
dog puppies are partners in a mutual socialisation process 
(Safonova and Sántha 2012). Capable children can in this 
way build up good reputations marking as valuable partners  
once they become adult (Savishinsky 1974).

The presumed prevalent animistic worldview during the  
Upper Palaeolithic facilitated the adoption of wild animals  
(Germonpré et al. 2018). In addition, Upper Palaeolithic parents would  
have noted the beneficial impact on the emotional development 
of their children of living together with an animal (Dueñas 
et al 2021). A recent study, based on behavioural data of wolf 
hybrids and several dog breeds, revealed that playful activities 
toward humans seems to have formed an important part of  
the early domestication process of the wolf (Hansen Wheat et  
al. 2018; see also Bradshaw et al. 2015; Schleidt and Shalter  
2018). Furthermore, a recent genetic comparative analysis of 
more than 100 modern dog breeds shows that common ances-
try of a human-directed playfulness trait seems to have been 
a driving force in the domestication of the wolf that may have 
arisen due to selection by humans (Garamszegi et al. 2020).  
Human-directed play reinforces the social relations between 
dogs and humans (Bradshaw et al. 2015; Rooney et al. 2000). 
Another central behavioural trait in the context of the dog 
domestication is the tendency of prosocial behaviour towards  
humans. Experiments to socialize wolf pups have shown that  
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wolves differ in their attitudes of affection towards people and  
that this affinity extends into the early adulthood of some indi-
viduals (Ujfalussy et al. 2017). Selection may thus have acted 
on sets of linked genes that permitted a behavioural separation 
between early dogs and wolves, facilitating co-existence with 
humans (vonHoldt et al. 2017).

Women and Male Dogs

Ethnographic data reveal that Hidatsa women saved the male 
pups of litters but kept only one female pup (Wilson 1924). 
Likewise, Saami women gave away male dog puppies to 
friends and kin, female pups were culled except for one bitch 
kept for breeding. Male dogs are preferred because bitches 
in oestrus cause disruption (Anderson 2018). Interestingly, 
Phung et al. (2018) demonstrated, based on the patterns of 
genetic diversity on the X chromosome and autosomes, that 
during the early domestication history of the dog, a higher 
number of male canids than females were reproducing and 
that a male-biased expansion occurred during that time. In 
addition, genetic analyses of ancient dogs found at several 
prehistoric sites dating from the Neolithic to the Bronze Age 
revealed male overrepresentation (Bergström et al. 2020). 
Thus, it is likely that in the Upper Palaeolithic, while at sea-
sonal gatherings at aggregation sites the women could have 
given away, exchanged, or traded their pets, permitting an 
expansion of the gene pool from which ultimately domestic 
dogs descend. It is quite possible that many of these trans-
ferred pups were males.

Discussion

Based on our non-exhaustive review of ethnographic, archaeo-
logical, and zoological data we can present a tentative nar-
rative. We should highlight that the caretaking of wolf pups 
during the Upper Palaeolithic must not be conceived as an 
intentional plan to domesticate wolves (Germonpré et al. 2018; 
Müller 2005). We have proposed previously (Germonpré et 
al. 2018) that the early beginnings of the domestication of the 
wolf can be positioned in the possible framework of an ani-
mistic worldview of Upper Palaeolithic societies, in which the 
value of personal interactions between humans and individual 
animals is valued and detailed knowledge of animal behaviour 
was of particular importance (cf. Pasarić and Warren 2019; 
Porr and de Maria 2015). We have shown that sophisticated 
tools are not necessary to raise pets, although a worldview that 
includes non-humans probably is. Such conditions were likely 
present from the early Upper Palaeolithic on (Germonpré and 
Hämäläinen 2007; Germonpré et al. 2018; Hussain and Floss 
2015; Porr and de Maria 2015) and it is possible that the first 
Modern Humans arriving in Eurasia brought infant animals, 
such as wolf pups or bear cubs captured or obtained by hunters 

after killing their mother, back to their settlements. In addi-
tion, the role of gender should not be underestimated in the 
human-initiated domestication path. Interestingly, Chambers 
et al. (2020) show that in a cross-cultural context, women are 
more closely affiliated with dogs than men in the framework 
of humans’ utility for dogs and in the concept of personhood 
of dogs. A human-initiated model of the domestication process 
of the wolf envisions that the adoption of wolf pups in certain 
Upper Palaeolithic societies must have been a widespread cul-
tural tradition. There was ample time in the Upper Palaeolithic 
to experiment with keeping and raising of young animals. Nev-
ertheless, the human-initiated domestication path is complex, 
and it seems that only a selection of one or a few closely-
related wolf populations were involved in the domestication 
process of modern dogs (Bergström et al. 2020). Although 
young of other species were probably also held in captivity, 
only the wolf became domesticated. It is unlikely that foxes 
were domesticated in the Upper Palaeolithic. Since foxes are 
a less dangerous predator, they could have been permitted to 
visit the camp sites to feed and since they could have been 
more easily captured than wolves, there was no need to raise 
and breed them (Baumann et al. 2020; Germonpré et al. 2018).

Captured wolf pups were initially mothered by nursing 
women, supplementing human milk in combination with 
water with egg yolk and from about three weeks old pre-
masticated food. At around 11 weeks the pups had probably 
adapted to solid food. Also, their surrogate mothers must 
have stimulated the perineal area of the young pups, so that 
they could urinate and empty their bowls. During the first 
weeks of their lives the pups experienced an intense and 
time-consuming handling by the women and children, not 
only because they had to be fed regularly but also to be kept 
warm in order to maintain their body temperature. Such pro-
longed and close body contact likely allowed development of 
bonds of attachment between those more sociable and play-
ful wolf pups and caring, empathetic women and their chil-
dren, and could have led to the survival of these individual 
animals until maturity, while pups with reactive behaviour 
(aggressive, extremely fearful/anxious, or lethargic) prob-
ably were culled, escaped, or died. Once physically mature, 
some of the gentler animals may have thwarted human con-
trol over their reproduction and produced at least one litter 
(Germonpré et al. 2015). We presume that the growth of 
tamed female wolves in the Palaeolithic camps, due to a lack 
of competition with conspecifics, could have resulted in a 
lower baselevel of glucocorticoids and reduced glutamater-
gic inputs to their hypothalamus (see Sands and Creel 2004). 
The modified hormonal concentrations in gravid tamed she-
wolves, possibly in combination with a low-protein diet, 
could have influenced the embryonic development of the 
litter through alterations in the migration or the activity of 
the neural crest cells and could have resulted in changes in 
their pups’ behaviour and in the size and shape of their pups’ 
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skull (O’Rourke and Boeckx 2020; Pendleton et al. 2018; 
Platt and Stewart 1968). A preference in every subsequent 
generation for such puppies with affiliative, cooperative, 
and playful behaviours towards their caretakers could then 
further have influenced the enrichment of genetic variants 
affecting behaviour, physical appearance, and skeletal fea-
tures in the tamed canid population leading after several 
generations of selection to Palaeolithic dogs that differed in 
all these traits from the wild type (cf. Germonpré et al. 2018; 
Kukekova et al. 2018; Li et al. 2014; Wang et al. 2016). 
The human selection of suitable animals likely endorsed 
the cooperative dynamics present in the sociobiology of the 
wolves and seems to have redirected the ability to cooperate 
towards humans (Cordoni and Palagli 2019).

The existence of a pet-keeping tradition among one or 
several Upper Palaeolithic cultural groups would have per-
mitted development of a foundation stock of a large enough 
number of captive wolf pups. In this context, it is likely 
that captive she-wolves were released or killed shortly after 
giving birth so that their new-born pups could be adopted. 
The first generations of these tamed wolves were likely 
confined in order to limit the risks they posed to young 
children (Fig. 1). At some point, after a multigenerational 
selection and once the adult canids were docile and coopera-
tive enough, the she-wolves could be kept. Probably, from 
this time on crossbreeding with wild wolves was limited. 
Indeed, Bergström et al. (2020) show that past gene flow 
from wolves into dogs was uncommon.

The timing of the origin of the wolf domestication is 
highly debated. Based on genetic studies, it is estimated 
that the ancestors of modern American wolves, modern  
Eurasian wolves and modern dogs diverged before the onset 
of the LGM, (Boschin et al. 2020; Fan et al. 2016; Perri  
et al. 2021; Pilot et al. 2019; Skoglund et al. 2015; Wang 
et al. 2016). This divergence could have happened as long 
as 36,000 years ago (Silva et al. 2020). Dog-like remains 
have been reported from several Upper Palaeolithic sites in 
Europe dating from the pre-LGM (Germonpré et al. 2009, 
2012; Germonpré and Sablin 2017; Reynolds et al. 2019). 
In addition, an early stage of wolf domestication has been 
proposed for the middle Upper Palaeolithic site of Yana in 
Siberia (Nikolskiy et al. 2018). Probably, some of these 
pre-LGM lineages became extinct or were replaced through 
gift giving or barter of male dogs, or through migration by 
incoming dogs domesticated in other regions (e.g., Frantz 
et al. 2016; Germonpré et al. 2017a, 2018). However, the 
extinction of these lineages does not preclude the roles Pal-
aeolithic dogs could have played in the daily lives of their 
young and adult human caretakers. By the end of the Pleis-
tocene, several dog lineages, related to extant dogs and all 
descending from a now extinct Pleistocene wolf population 

or closely related wolf populations, were already present 
(Bergström et al. 2020; Frantz et al. 2016; Perri et al. 2021; 
Smeds et al. 2019).

Limitations and Future Research

Unfortunately, exhaustive analyses of juvenile skeletal 
remains in canid assemblages from Upper Palaeolithic 
sites are presently lacking (Perri and Sázelová 2016). At 
the Gravettian Předmostí site (Czech Republic), a canid 
pup was, based on the position of the tip of the trigonid of  
the first molar just above the alveolar rim of its lower jaw, 
probably between four and five months old when it died (cf.  
Esaka 1982; Shabestari et al. 1967) (Fig. 2). Other juvenile  
material at this Gravettian site consists of unfused postcra- 
nial elements (Germonpré et al. 2017b), but this material has  
not yet been studied in detail.

New multidisciplinary collaboration efforts, integrating 
morphometric, genetic, biogeochemical and dental microwear 
texture (DMT) analyses of prehistoric and extant canids are 
currently helping to clarify, step by step, the complex process 
that led to the domestic dog (e.g., Bergström et al. 2020; 
Bocherens et al. 2015; Germonpré et al. 2009; Prassack et  
al. 2020, 2021; Thalmann et al. 2013; Silva et al. 2020; 
Sinding et al. 2020). In particular it can be hoped that future 
morphometric, biogeochemical, and DMT studies can 
disentangle the diet of canid pups and differentiate the juvenile 
animals that were fed by humans from those pups that received 
their nutrition from their mother and other conspecifics (cf. 
Lupo 2017), and that future genetic analyses of canid remains 
will unravel whether male and female canids have divergent 
populations histories. Such information could add weight to 
either the self-domestication hypothesis or the human-initiated 
domestication hypothesis.

Fig. 2   A right mandible (97–584-C-117) from a large canid pup 
found at the Gravettian site of Předmostí (Czech Republic) that, based 
on the erupting position of the tip of trigonid of the first molar, died 
when it was between four and five months old
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Conclusion

Based on evidence derived from archaeology, ethnography, 
and developmental biology, we conclude that a cultural 
practice of nurturing and raising wolf pups in the Upper 
Palaeolithic could have led to the beginning of the domes-
tication process of the wolf. Furthermore, we propose that 
gender and age of the human caretakers conceivably played 
an important role at the start of this process. The human-
initiated domestication hypothesis poses that wild wolf pups 
were likely captured and brought to the Upper Palaeolithic 
camp sites by male hunters. There, across generations, 
women and children nurtured and interacted with the pups, 
leading eventually to domestication (see also Manwell and 
Ann Baker 1984; Milliet 1994, 2003; Müller 2005; Sauer 
1952). Finally, we must add that the domestication process 
of the wolf is a particular case and should be distinguished 
from domestication processes of other animals (Germonpré 
et al. 2018; Russell 2012; Uerpmann and Uerpmann 2017).
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