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COMMENTARY

Domesticated species: It takes one to know one
Mary Ann Raghantia,b,c,1

Darwin was fascinated by both the process and out-
come of our own species’ efforts toward the domesti-
cation of the plethora of others that became so central
to our unparalleled success (1). In fact, he documented
many of the various traits and behaviors that we have
so purposefully selected. He was clearly enamored by
the decreased aggression, increased gregariousness,
reduced tooth size, shortened muzzles, smaller brain
size, curly tails, floppy ears, increased reproductive suc-
cess (fertility), and relaxation of the estrus cycle that
seemed to accompany such docility. More recent in-
vestigations have revealed that domesticated species
also possess modified adrenal gland function, novel
neurotransmitter levels, and a prolonged juvenile
learning period (reviewed in refs. 2 and 3). In PNAS,
Kaminski et al. (4) report that an enhancement of the
muscles of facial expression can now be added to this
list, at least for the domesticated dog. They found that
domesticated dogs possess musculature around the
eyes that allows them to raise their inner eyebrows,
creating an expression that, in humans, is associated
with sadness (i.e., “puppy dog eyes”). Equally impor-
tant is the absence of this trait in wolves, the ancestral
species that served as their predomestication ancestor
at least 15,000 y ago (5). The evolution of increased
facial expressiveness surely has contributed to the
canine success of securing their designation as our
“best friend.”

In terms of the process of domesticating species, it
seems that we first honed our skills much closer to
home, with ourselves (6). The idea that humans un-
derwent a process of self-domestication has been
entertained as a major evolutionary force since
Darwin’s time. However, Darwin was careful to differen-
tiate the human condition from that of domesticated
plants and animals since humans were never subject
to controlled breeding by another species (7). Never-
theless, humans and our domesticated animals have a
curious collection of traits in common, and it appears
that some may well be the result of humans selecting
for traits with which they are most familiar (i.e., human-

specific traits) (4). We appear to have mirrored ourselves
as we reproductively fashioned other mammals for ser-
vice to our needs. Indeed, it has been proposed that
the ultimate form of human expression, language, is
also the product of sustained self-domestication (8).
Throughout our evolution, there has almost certainly
been an intense selection to enhance expressiveness,
which, in some form, is likely to have been the ultimate
precursor of speech and language. As is well known,
the capacity of humans to communicate using facial
expressions is unrivaled. Moreover, even the most del-
icate and subtle glance or passing grimace can elicit
strong emotions and actions in others (9, 10). Given the
importance of communicating with facial expres-
sions, it is unsurprising that, in the process of domes-
tication, humans imposed intense selection on their
canid companions for characteristics that we value in
our interactions with one another (4). However, to
what does the human capacity of expressiveness,
so powerful as to almost effortlessly alter the facial
anatomy of the dog (4), owe its origins? Have we
almost unknowingly guided our own evolution as
much as that of the dog?

Critical behavioral characteristics of domestica-
tion common to both humans and dogs include

Fig. 1. Differential activity of dorsal versus ventral
striatum influences personality types (reviewed in ref. 16).
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decreased aggression, increased tolerance and prosociality, cooper-
ation, and an eagerness to please. Such prosociality requires
exquisite sensitivity to the cues that comprise all forms of our
communication with others. Humans have an exuberant and
unparalleled desire to connect with their companions and a
remarkable level of altruism that extends to kin, as predicted by
sociobiology, and also to nonkin, an odd trait that even crosses
species boundaries. This exuberance not only facilitated the
domestication of species like dogs and cats but has been
extended to heroic altruistic acts to the benefit of potential or
even actual predators (e.g., humans will go to great lengths and
even risk their lives to save a shark or alligator in distress). While
self-domestication is evident in modern humans, its foundations
must have been laid much earlier in our evolutionary history, and
likely either predated or coincided with the emergence of our
most distinctive physical trait—upright walking. That bipedality
and reduction of canine size (the “social tooth”) appeared simul-
taneously in the fossil record is surely no accident (11–13). Virtual
elimination of the otherwise universal primate social tooth would
have required changes within the brain that favored the behav-
iors associated with domestication, something that we term
“personality style.” While Phineas Gage provided important in-
formation about the seat of personality being in the prefrontal
cortex (14), the behaviors that comprise personality styles are not
dependent on the expanded neocortex that is the hallmark of mod-
ern humans. Personality style, on a basic level, is governed by ac-
tivity in the striatum (15–18), an ancient structure that was present in
early jawless fishes (>500 million years ago) and is involved in both
motor control and the reward system. The connection of motor
function with personality style was central to establishing alternative
ecological niches, and would have relied on variation among indi-
viduals as to which cues activate the reward system. Even bluegills
exhibit variation in elements of personality style, including habitat
preference (littoral regions vs. open water), which coincides with
other characteristics such as boldness, activity level, learning ability,
and diet (19). It is precisely this type of variation in behavioral char-
acteristics that reinforces habitat preferences, and, in turn, may lead
to speciation events.

The striatum has come to play a significant role in the regula-
tion of social behaviors, particularly behaviors that are associated
with social reward. Within the striatum, activity of the dorsal versus
the ventral striatum corresponds to opposite ends of a continuum
of personality styles (Fig. 1) (16, 18, 20–24). The dorsal striatum
regulates internally driven, goal-directed behavior. The ventral
striatum, in contrast, provides a greater sensitivity to social and
environmental cues, and is involved in a system that regulates
emotions. The ventral striatum also mediates social conformity
in humans (25–28). The motivation for such ventral striatal activity
stems from our desire to obtain social approval and to conform
with the group (29). It should not go unnoticed that all of these
features of the ventral striatum are those that we have clearly
chosen to become fixated in the genomes of the common canine.

Puppy dog eyes are clearly “designed” to elicit sympathetic ac-
ceptance—what can be more true of the typical dog than an in-
tense “other-directed” need to please his human “owner”?

Humans and our domesticated animals have a
curious collection of traits in common, and it
appears that some may well be the result of
humans selecting for traits with which they are
most familiar.

The incentive component of social interaction is mediated
through the brain’s (mesolimbic dopaminergic) reward circuit,
which, as mentioned earlier, includes major components of the
striatum. The hormone oxytocin (sometimes colloquially referred
to as “the love hormone”) is released when you hug someone or
hold someone’s hand, and even during eye contact between hu-
mans and domesticated dogs (30, 31). It is oxytocin that medi-
ates the rewarding aspects of these interactions by its positive
effect on dopamine, the neurotransmitter that is the literal “cur-
rency” of the reward pathway (32). We, in our own process of self-
domestication, have ultimately recruited prosocial, cooperative,
altruistic, and empathetic behaviors to this pathway. Interestingly,
the neurochemical signature of the human striatum reflects these
changes and is dominated by elevated dopamine (33). While we
don’t yet know if canids, wild or domestic, possess a striatal neuro-
chemistry similar to our own, it seems likely, given that the traits
critical to our own species are now also critical to theirs. The seem-
ingly unquenchable desire of domestic dogs to please their human
counterparts (i.e., conform) suggests that they, like humans, have
fashioned their own ventral-dominated striatum (Fig. 1).

In terms of base personality styles, wolves possess a certain
predisposition to the domestication process (34). Wolves are co-
operative, live in large packs, have complex social behavior, rely
substantially on male parenting, and are socially monogamous
(35). In terms of the personality continuum, wolves are already
geared toward its ventral pole (Fig. 1), a situation that may be
similar to where our own early ancestors would have been 6 to
8 million years ago. Indeed, the evolutionary trajectory that ulti-
mately led to both modern humans and domesticated dogs could
be a case of convergent evolution (36–38). Kaminski et al.’s (4)
documentation that the muscles of facial expression that facilitate
the human−canine bond are present in domesticated dogs, but
absent in wolves, should now serve as a pivotal clue to our own
evolutionary history. Humans invariably find puppies irresistible,
and the dogs’ “sad eyes” can lead them to great success as com-
panions. Indeed, for both humans and dogs, the eyes have it.

Acknowledgments
The author’s research is supported by the National Science Foundation (NSF
BCS-1846201 and NSF BCS-1316829).

1 C. Darwin, The Variation of Animals and Plants Under Domestication (John Murray, London, 1868).
2 L. Trut, I. Oskina, A. Kharlamova, Animal evolution during domestication: The domesticated fox as a model. BioEssays 31, 349–360 (2009).
3 A. S. Wilkins, R. W. Wrangham, W. T. Fitch, The “domestication syndrome” in mammals: A unified explanation based on neural crest cell behavior and genetics.
Genetics 197, 795–808 (2014).

4 J. Kaminski, B. M. Waller, R. Diogo, A. Hartstone-Rose, A. M. Burrows, Evolution of facial muscle anatomy in dogs. Proc. Natl. Acad. Sci. U.S.A. 116, 14677–14681
(2019).

5 G. Larson et al., Rethinking dog domestication by integrating genetics, archeology, and biogeography. Proc. Natl. Acad. Sci. U.S.A. 109, 8878–8883 (2012).
6 B. Hare, Survival of the friendliest: Homo sapiens evolved via selection for prosociality. Annu. Rev. Psychol. 68, 155–186 (2017).
7 C. Darwin, The Descent of Man, and Selection in Relation to Sex: Facsimile Edition (Princeton University Press, Princeton, NJ, 1981).

14402 | www.pnas.org/cgi/doi/10.1073/pnas.1908964116 Raghanti

D
ow

nl
oa

de
d 

at
 P

al
es

tin
ia

n 
T

er
rit

or
y,

 o
cc

up
ie

d 
on

 D
ec

em
be

r 
5,

 2
02

1 

https://www.pnas.org/cgi/doi/10.1073/pnas.1908964116


www.manaraa.com

8 J. Thomas, S. Kirby, Self domestication and the evolution of language. Biol. Philos. 33, 9 (2018).
9 C. Frith, Role of facial expressions in social interactions. Philos. Trans. R. Soc. Lond. B Biol. Sci. 364, 3453–3458 (2009).

10 S. Du, Y. Tao, A. M. Martinez, Compound facial expressions of emotion. Proc. Natl. Acad. Sci. U.S.A. 111, E1454–E1462 (2014).
11 R. L. Holloway, The Role of Human Social Behavior in the Evolution of the Brain (American Museum of Natural History, New York, 1975).
12 C. O. Lovejoy, The origin of man. Science 211, 341–350 (1981).
13 C. O. Lovejoy, Reexamining human origins in light of Ardipithecus ramidus. Science 326, e1–e8 (2009).
14 M. Macmillan, Restoring Phineas Gage: A 150th retrospective. J. Hist. Neurosci. 9, 46–66 (2000).
15 J. H. Van den Bercken, A. R. Cools, Evidence for a role of the caudate nucleus in the sequential organization of behavior. Behav. Brain Res. 4, 319–327 (1982).
16 R. van den Bos, The dorsal striatum and ventral striatum play different roles in the programming of social behaviour: A tribute to Lex Cools. Behav. Pharmacol. 26,

6–17 (2015).
17 A. R. Cools, G. Hendriks, J. Korten, The acetylcholine-dopamine balance in the basal ganglia of rhesus monkeys and its role in dynamic, dystonic, dyskinetic, and

epileptoid motor activities. J. Neural Transm. (Vienna) 36, 91–105 (1975).
18 A. R. Cools, R. Brachten, D. Heeren, A. Willemen, B. Ellenbroek, Search after neurobiological profile of individual-specific features of Wistar rats. Brain Res. Bull.

24, 49–69 (1990).
19 M. Wolf, F. J. Weissing, Animal personalities: Consequences for ecology and evolution. Trends Ecol. Evol. (Amst.) 27, 452–461 (2012).
20 M. Liljeholm, J. P. O’Doherty, Contributions of the striatum to learning, motivation, and performance: An associative account. Trends Cogn. Sci. (Regul. Ed.) 16,

467–475 (2012).
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22 R. Báez-Mendoza, W. Schultz, The role of the striatum in social behavior. Front. Neurosci. 7, 233 (2013).
23 D. L. Masterman, J. L. Cummings, Frontal-subcortical circuits: The anatomic basis of executive, social and motivated behaviors. J. Psychopharmacol. (Oxford) 11,

107–114 (1997).
24 M. C. Vrijmoed-de Vries, A. R. Cools, Differential effects of striatal injections of dopaminergic, cholinergic and GABAergic drugs upon swimming behavior of rats.

Brain Res. 364, 77–90 (1986).
25 M. Stallen, A. G. Sanfey, The neuroscience of social conformity: Implications for fundamental and applied research. Front. Neurosci. 9, 337 (2015).
26 V. Klucharev, K. Hytönen, M. Rijpkema, A. Smidts, G. Fernández, Reinforcement learning signal predicts social conformity. Neuron 61, 140–151 (2009).
27 D. K. Campbell-Meiklejohn, D. R. Bach, A. Roepstorff, R. J. Dolan, C. D. Frith, How the opinion of others affects our valuation of objects. Curr. Biol. 20, 1165–1170

(2010).
28 J. Zaki, J. Schirmer, J. P. Mitchell, Social influence modulates the neural computation of value. Psychol. Sci. 22, 894–900 (2011).
29 R. B. Cialdini, N. J. Goldstein, Social influence: Compliance and conformity. Annu. Rev. Psychol. 55, 591–621 (2004).
30 M. Nagasawa et al., Oxytocin-gaze positive loop and the coevolution of human-dog bonds. Science 348, 333–336 (2015).
31 K. C. Light, K. M. Grewen, J. A. Amico, More frequent partner hugs and higher oxytocin levels are linked to lower blood pressure and heart rate in premenopausal

women. Biol. Psychol. 69, 5–21 (2005).
32 L. W. Hung et al., Gating of social reward by oxytocin in the ventral tegmental area. Science 357, 1406–1411 (2017).
33 M. A. Raghanti et al., A neurochemical hypothesis for the origin of hominids. Proc. Natl. Acad. Sci. U.S.A. 115, E1108–E1116 (2018).
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