
3. Caring and Caring For

What is going on in the brain such that an animal cares about others, 
or expresses social values? According to the hypothesis on offer, it is the 
neurochemistry of attachment and bonding in mammals that yields 
the central explanatory element.1 Therefore, to understand the brain- 
based platform for social values, we first have to consider the more 
fundamental question, which will lead us back to social values: how is 
it that brains care about anything? To put it somewhat differently, how 
can neurons value something? 
 The first and most fundamental part of the story concerns self- 
preservation.2 All nervous systems are organized to take care of the 
basic survival of the body they are part of. From an evolutionary per-
spective, the general point is straightforward: self- caring is selected 
over self- neglect. Animals that fail at self- preserving behavior have no 
chance to pass on their genes, whereas animals that succeed in keep-
ing their bodies healthy have a shot at passing on their genes. For an 
animal to survive, the world must be traversed to find energy, water, 
and whatever else is needed to keep the body going. Pain and fear are 
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survival signals, indicating the need for corrective behavior. Different 
kinds of pain signal different avenues of behavioral correction.
 These general observations raise questions concerning neural 
mechanisms: how does a mouse, for example, know that it should find 
food, or scurry into a burrow, or make a nest? How are behavioral deci-
sions serving well- being achieved by neurons?
 The rough answer is that the neurons in the brainstem and hy-
pothalamus of the mouse monitor the mouse’s internal milieu—the 
inner state of its body relative to the parameters that matter for survival. 
When a particular need is detected, a motivational emotion is gener-
ated. In the mouse—and in us—brainstem and hypothalamic neurons 
regulate body temperature, glucose levels, blood pressure, heart rate, 
and carbon dioxide levels. Homeostasis is the process whereby the in-
ternal environment of the organism is regulated to stay close to the 
range needed for survival. And pain, as neuroscientist Bud Craig has 
observed, is a homeostatic emotion.3 We are all familiar with changes 
in the internal milieu that signal the need to redress an imbalance: the 
panic when oxygen is cut off, the unpleasantness of being cold, the 
sensation of thirst, of nausea, and the pain of extreme hunger. These 
are accompanied by distinct urges—to seek warmth, water, food; to 
vomit, run away, snuggle, and so forth. 
 Using perceptual cues such as odors and sounds, the mouse’s sub-
cortical brain also assesses risk and opportunity in the outside world. 
In mice, the smell of seeds provokes approach behavior; in a male 
mouse, the smell associated with a female in estrus provokes courting 
behavior. A male mouse entering a new territory where he smells the 
urine of another male mouse will be inclined to go elsewhere.
 In us, the fear induced by a snarling dog or the panic induced by 
unpredicted smoke are unmistakable and unpleasant feelings. These 
life- relevant feelings are integrated, and appropriate movement is co-
ordinated, by subcortical structures in the brainstem and the hypothal-
amus, as well as in the insular cortex and the cingulate cortex (figure 
3.1). Mechanisms in the sympathetic nervous system adjust the body 
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for “fight or flight,” and when the threat has passed, other mechanisms 
in the parasympathetic system restore the blood pressure and heart 
rate to the energetically less costly state of “rest and digest.” More-
over, the circuitry is sensitive to priorities, so that fear of a looming 
predator trumps hunger for the tasty nut or lust for the ready female. 
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Figure 3.1. This schematically illustrates some of the subcortical structures and their 
connection to the cortex. Notice in particular the rich pathways between the frontal 
areas and the subcortical areas, including those involving reward (accumbens) and 
fear (amygdala). The hypothalamus is broadly connected to many structures, typi-
cally in a bidirectional manner. From the brainstem emerge four neuronal projec-
tion systems with distinct neurochemicals, each system reaching very broadly into 
many areas. The four neurochemicals, sometimes called neuromodulators, are sero-
tonin (5HT), noradrenaline (NA), dopamine (DA), and histamine (Hist). Based on 
Josef Parvizi, “Corticocentric Myopia: Old Bias in New Cognitive Sciences,” Trends 
in Cognitive Sciences 13, no. 8 (2009):354–59. (To see the location of the amygdala 
in 3- space, go to http://commons.wikimedia.org/wiki/File:Amygdala_small.gif.)
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Integrating signals from both the inner milieu and the body surface, 
the brainstem- limbic circuitry is the foundational organization serving 
self- preservation, and therewith a minimal sense of self.4 Maintaining 
the health and welfare of the body constitutes the neurobiological scaf-
folding for higher levels of self- representation, such as the sense of self 
as a person belonging to a social group and having special bonds to 
special individuals.5

 In the most basic sense, therefore, caring is a ground- floor function 
of nervous systems. Brains are organized to seek well- being, and to seek 
relief from ill- being. Thus, in a perfectly straightforward way, the cir-
cuitry for self- maintenance and the avoidance of pain is the source of 
the most basic values—the values of being alive and of well- being. For 
frogs and salmon and newts, this sort of caring is pretty much all there 
is. Even so, this level of integration, highly conserved in all vertebrates, 
is exquisitely complicated.
 Selection pressure for self- caring is clear- cut, even when the under-
lying circuitry is obscured by complexity. How can caring for others 
be explained? As proposed in chapter 2, the core idea is that in mam-
mals, evolutionary adjustments in the emotional, endocrine, stress, and 
reward/punishment systems effectively extend the range of individuals 
whose well- being the animal cares about, at least for a certain set of 
survival- relevant behaviors. Thus the mother rat behaves as though the 
newborn pups are included in her basic homeostatic ambit—they must 
be fed, cleaned, and kept warm, as well as protected from the assorted 
dangers of the world, just as she must keep herself fed, warm, clean, and 
safe from the dangers of the world. When the pups are threatened, their 
well- being matters to her in somewhat the same way her own well- being 
matters to her, and corrective behavior is taken. Pain and fear, her ho-
meostatic emotions that are both feeling and motivation, are triggered 
when the well- being of her pups is at risk. It is as though the golden 
circle of me expands to include my helpless pups (see figure 3.2).6

 True enough, a wolf or a rat will normally abandon her pups when 
the threat is perceived to be overwhelming and she needs to save herself 
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even if the pups cannot be saved. So the extension of her homeostatic 
ambit to include the pups still allows for recognition of the distinction 
between self and dearly beloved others. Human parents similarly con-
fronting an overwhelming foe may elect to save themselves, though 
sometimes the motivation to save the juvenile can lead to the self- 
sacrifice of the parent. Human behavior in such dire circumstances will 
also depend on many other factors, including the nature of the calamity, 
individual temperament, sociocultural background, and the existence 
of other offspring. These are very powerful systems that interweave with 
but go well beyond the very powerful system for self- preservation. The 
“going beyond” is not haphazard, but is systematically related to the 
well- being of others, especially those who are kin.7

 The crucial steps that lead from only self- caring, to the variety of 
kinds of sociality (other- caring) typical of mammals, depend on the 
neural- and- body mechanisms that “maternalize” the female mam-
malian brain, which in turn depend on the neuropeptides oxytocin 
(OXT) and arginine vasopressin (AVP), along with other hormones. 
Almost certainly these mechanisms were not initially selected to serve 
any broader social purposes, but merely to ensure that the female had 
the resources and motivation to suckle, defend, and, more generally, 

Figure 3.2. A cartoon depicting the spheres of caring. Circuitry serving one’s own 
survival and well- being is modified in mammals to embrace one’s babies. In social 
mammals, the embrace may include close kin, close friends, other group members, 
and even strangers, typically with decreasing intensity depending on the degree of 
attachment.

Self Close kin A!liates
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to devote herself to the welfare of her helpless juveniles until they were 
independent. Mammals whose circuitry outfitted them for offspring 
care had more of their offspring survive than those inclined to off-
spring neglect.
 Once in place, however, the modification that yields caring for 
others that are offspring could be further modified, perhaps in quite 
minor ways, to yield caring for others that are not offspring, but whose 
well- being is consequential for the well- being of oneself and one’s off-
spring. Depending on the species and its selection pressures, differ-
ent social arrangements would be selected for, and many other brain 
mechanisms would be put in play. Thus in a wolf pack or a beaver 
colony, there is only one breeding pair; in baboon troops and orca 
pods, all the fertile females breed. Ringtail lemurs are matrilineal; the 
females are dominant with respect to the males, and mate with mul-
tiple males. In river otters and grizzly bears, the group consists of a fe-
male and her pups, and the female breeds with any suitable male that 
courts her appropriately. In rhesus monkeys, the babies are attached 
only to the mother, while in titi monkeys, they are more strongly at-
tached to the father than to the mother. This is just a tiny sample of the 
range of social patterns found among mammals, but underlying them 
all are probably different arrangements of receptors for oxytocin and 
other hormones and neurochemicals.
 Neuroscientists Porges and Carter raise the question why OXT and 
AVP should be suited to their special roles in the mammalian brain.8 
In answering, they point out that these peptides are extremely ancient 
(at least 700 million years, predating mammals), and are involved in 
the regulation of water and minerals in the bodies of terrestrial ani-
mals generally. An evolutionarily earlier version of oxytocin and vaso-
pressin—vasotocin—plays a role in amphibian mating behavior and 
is important in egg- laying. Long before the appearance of mammals, 
vasotocin was in the reproductive game. In mammals, the regulation 
of water and minerals became ever more sophisticated, since during 
pregnancy, the female needed to grow a placenta, and an amniotic 
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sac filled with fluid in which the babies develop, and after birth she 
needed to produce milk for the babies.9 This gives us a broad hint 
about why OXT and AVP lent themselves to evolutionary tinkering 
in mammalian reproduction, and why homologues of these peptides 
are important in avian sociality. As biologist James Hunt has observed, 
“Sociality, like multicellularity, has appeared numerous times, in di-
verse taxa, and reached many different levels of integration.”10 Not all 
forms can be assumed to involve OXT and AVP, and for those that do, 
the ways in which they do may differ.
 How, at the neural level, is attachment achieved in mammals? In 
order to move forward on that question, we first need to explore the 
attachment story in more detail.

Family Values: 
Belonging and Wanting to Belong

In all pregnant mammals, humans included, the placenta of the fetus 
releases a variety of hormones into the mother’s bloodstream that 
have the effect of “maternalizing” her brain.11 These hormones, in-
cluding progestin, estrogen, and prolactin, act mainly on neurons in 
subcortical structures.12 In rodents and cats, for example, this causes 
the pregnant female to eat more, to prepare a nest for the expected 
litter, and to find a place reckoned as safe to give birth. Human fe-
males too respond to a “nesting” urge as the time for delivery draws 
near, and (as I can personally attest) begin energetically to house-
clean and finalize preparations for the new baby. OXT production 
is upregulated (made more plentiful) during pregnancy; at birth, re-
lease of OXT plays a role in causing the uterus to contract. OXT is 
also essential in the ejection of milk during lactation. In the brain, the 
release of OXT triggers full maternal behavior, including preoccupa-
tion with the infants, suckling, and keeping the infants warm, clean, 
and safe. In humans, maternal behavior may also be triggered by a 
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baby a woman adopts as her own, and the attachment can be every 
bit as powerful as attachment to a baby carried and delivered.13 This 
likely also involves release of oxytocin. Aunties of meerkat infants also 
respond in this way. Other mammals, with babies of their own, have 
been known to nurture the babies of another species, as when a dog 
contentedly suckles a pig or a kitten.
 The endogenous opiates, those opium- like molecules cooked up by 
our own brain, probably also play a crucial role in maternal bonding, 
and the suckling female gets the reward of pleasure from opiates re-
leased during lactation. In my experience, I would say that lactation 
is pleasurable and calming, but it does not make you “high” in any 
recognizable sense. Rhesus monkey mothers who are given naloxone, 
a chemical that blocks the receptors for the opioids and so blocks their 
effect, show indifference to their babies, and tend to neglect them. 
Ewes injected with naloxone will actively reject their lambs. Although 
there are complicating social factors, human female heroin addicts 
tend to neglect or abandon their infants in unusually high numbers. 
In addicts, presumably, the modest effect of the endogenous opiates is 
swamped by the overwhelming effects of relatively large amounts of 
heroin,14 though abnormalities in OXT levels may play a role as well. 
Cocaine- abusing human mothers, for example, have lower levels of 
OXT than non- addict controls, and display less maternal behavior.15 
Normally, however, tending to the infant is rewarding; it feels good. 
By contrast, anxiety levels rise when the infant is crying, taken away, or 
suffering, and this feels very bad.
 That brings us to pain, or more broadly, negative affect, which is 
a central player in the emergence of mammalian social behavior.16 
Pain, though it may seem simple enough as experienced, is supported 
by astonishingly complicated anatomy, with many different special-
izations, components, neurochemicals, pathways, and connections.17 
In addition to the changes involving oxytocin, the mammalian sys-
tem for negative affect—pain, fear, panic, anxiety—was also modi-
fied. In all vertebrates, fear, anxiety, and physical pain are registered 
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as “protect- myself” warning signals in the brainstem and hypothala-
mus. These changes lead to a repertoire of corrective behavior by 
self- preservation circuitry. Evolutionary modifications to these basic 
systems ensure that mammals respond to threat and injury to offspring 
as well as to themselves. The feelings and responses engaged for the 
protect- myself tactics are also engaged for protect- mine tactics.
 A signature feature of the mammalian brain is the cortex: a regularly 
organized six- layer sheet that constitutes the outer rind of the cerebral 
hemispheres (see figure 3.3).18 This amazing evolutionary invention 
packs a lot of processing structure into a confined space, cleverly using 
a small- world organization to maximize processing power without loss 
of accessibility; that is, there are dense connections locally, sparse con-
nections to distant regions, but by virtue of well- connected neighbors, 
any area can reach other areas in a few steps. In our story, the modi-
fication of particular interest concerns the cortical elaboration of the 
representation of pain, and in particular, the pain that occurs during 
separation from or threat to loved ones.
 Pain, as neuroscientist A. D. (Bud) Craig ruefully acknowledges, 
is an enigma. Still, major discoveries in the last fifteen years, many 
by Craig and his colleagues, have corrected some old and honored 
misconceptions, and made pain in all its oddities a little less myste-
rious.19 By classing pain as a homeostatic emotion, rather than as a 
sensation such as pressure, Craig means to emphasize its central role 
in the wider set of mechanisms for self- preservation. This makes for a 
contrast with the role of vision or audition, which are mainly devoted 
to representing the external world but do not automatically carry moti-
vational “feel” in the way that a burn, for example, does. The contrast 
is a matter of degree, of course, since ultimately vision and audition 
also serve self- preservation—sometimes just a little less directly. As 
with thirst or cold, pain signals coming from the body’s innards or 
muscles or joints or its surface activate the felt need for correction. As 
part of the dynamical processes for maintaining homeostasis, the sen-
sory aspect of pain can vary even when the stimulus is unchanged; for 
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Figure 3.3. The view of the brain in 
coronal section (a cut from ear- to- ear). 
The gray edging on the outer surface is 
the cortex (cortical mantle). The differ-
ence in color between white matter and 
gray matter depends on the presence of 
myelin, which consists of fat- rich cells 
that wrap themselves around the axons of 
neurons, providing a kind of insulation re-
sulting in faster signal transmission. Gray 
matter lacks myelin. The cutaway depicts 
the cortex’s laminar organization and 
highly regular architecture. Not conveyed 

is the density of neurons: there are about 100,000 neurons in one cubic millimeter of 
cortical tissue, with about one billion synaptic connections between neurons. Adapted 
from A. D. Craig, “Pain Mechanisms: Labeled Lines versus Convergence in Central 
Processing,” Annual Review of Neuroscience 26 (2003):1–30, and E. G. Jones, “Lami-
nar Distribution of Cortical Efferent Cells,” in Cellular Components of the Cerebral 
Cortex, ed. A. Peters and E. G. Jones (New York: Plenum, 1984), vol. 1, pp. 521–53.
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example, soldiers shot in the heat of battle may feel no pain until safely 
in the field hospital, just as they may feel no thirst or hunger either.
 As shown in figure 3.4, the central pain system in humans arises 
in a region of the spinal cord called lamina I, where signals concern-
ing injury (nociception) are received from body tissues and organs. 
The pathway carries these signals up the spinal cord, into the brain-
stem, where there is cross- talk with regions regulating homeostatic re-
sponses, and then proceeds to specific regions of the thalamus. This 
system, known as the spinothalamic tract, allows for very precise lo-
calization of nociceptive signals, and for distinct kinds of painful feel-
ings—a sharp hurt versus a burning sensation versus the sorrow of loss. 
Cortically, two places play a crucial role in pain processing: the insula 
(tucked in under the frontal lobe and easy to miss) appears essential for 
the nastiness of painful experiences—the qualitatively negative aspects 
—while the anterior cingulate cortex (ACC), to which it is connected, 
dominates the motivational (do something) aspect of pain. The insula, 
shown in figure 3.5, serially integrates body signals to yield a full state- 
of- my- body report.
 Signals first reach the posterior part of the insula, and then appear 
to be reprocessed through a series of stages from the back to the front 
of the insula, probably ascending in the complexity and integration of 
what is represented. The insula appears to represent state- of- me and 
state- of- mine, as it integrates signals from all over the body and brain. 
When something is registered as being amiss, such as encroaching 
cold or an impending attack, it responds with distress signals, moti-
vating redress. Consistent with the neuroanatomy, patients with front- 
temporal dementia, involving destruction of neurons in the insula, 
exhibit a striking loss of empathic responses as well as a diminution of 
experienced pain.
 The region at the top of the processing hierarchy—the anterior in-
sula—seems to be unique to primates, and is more highly developed 
in humans than in other primates.20 What these differences mean in 
terms of differences in capacity is not established, but they may bear 
upon the representational complexity of state- of- me and state- of- mine, 
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Figure 3.4. The drawing depicts the dominant pain pathway in the human brain and 
spinal cord as would be seen in a coronal section. The cortex and other gray matter 
structures (mainly the bodies of neurons) are shown as darker gray; white matter 
(mainly myelinated axons of neurons) are depicted as lighter gray. Notice that the 
lateral spinothalamic tract makes connections in the brainstem with the region regu-
lating homeostasis, and then goes on to make synaptic connections in two distinct 
nuclei (gray matter regions) in the thalamus. One thalamic nucleus projects to the 
anterior insula (interoceptive cortex), containing a representation of the physiologi-
cal state of the body, and to somatosensory cortex (area 3a); the other nucleus sends 
neurons to the ACC (anterior cingulate cortex). From A. D. Craig, “Pain Mecha-
nisms: Labeled Lines versus Convergence in Central Processing,” Annual Review of 
Neuroscience 26 (2003):1–30. Reprinted with permission.
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perhaps allowing for prolonged sorrow for a loss, or for more abstract 
representations of possible future states of me- and- mine.21

 Because humans have social brains, our more generalized pain 
system makes us feel awful not just when our own well- being is threat-
ened, but when the well- being of loved ones is threatened. Infant 
mammals are frightened when separated from those to whom they are 
attached, and make distress calls. This is a good thing, since they can-
not feed and defend themselves, and need their mother or father.22 As 
well, mammalian mothers, and in some species, fathers, feel anxious 
and awful when they hear their offspring make distress calls—also 
a good thing, and for the corresponding reason: their babies need 
them. Both the insula and the ACC respond to physical pain, but 
they also respond to social pain triggered by separation, exclusion, or 
disapproval, and to pain resulting from errors and poor predictions.23 

Figure 3.5. An anatomical photograph showing the insula in the left hemisphere. The 
insula has been exposed by dissecting away parts of the frontal lobe, temporal lobe, and 
parietal lobe. The insula can also be exposed without dissection by lifting the frontal 
lobe away from the temporal lobe. (A gyrus is a hill; a sulcus is a gully; the geography 
is the effect of folding as the growing brain is constrained within the boundaries of the 
skull. The landmarks are roughly, but only roughly, similar across  individuals) a,m,p: 
anterior, middle, and posterior gyri of the anterior insula; A, P: anterior and posterior 
gyri of the posterior insula; APS: anterior periinsular sulcus; SPS: superior periinsular 
sulcus; IPS: inferior periinsular sulcus; H: Heschel gyrus. Reproduced with permission 
from Thomas P. Naidich et al., “The Insula: Anatomic Study and MR Imaging Display 
at 1.5 T,” American Journal of Neuroradiology 25 (2004):226.
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When a mammalian mother is successful in making the infant safe 
and content, endogenous opiates as well as OXT are released, both 
in the brain of the contented infant, and in the brain of the relieved 
mother. Being together feels good. Humans know what this feels like 
even if we do not know anything about oxytocin or the endogenous 
opiates.
 Feelings of remorse, guilt, and shame are typical in most, but not all, 
humans after having injured another. Psychopaths, though they know 
the social importance of expressing remorse in a courtroom, actually 
feel none, even after causing terror, mutilation, and death. Psycho-
paths are people who may be cunning and charming in the  social 
world but who are without conscience, and tend not to form strong 
attachments.24 Studies of psychopaths (the terms psychopath and socio-
path are often used interchangeably) have allowed for the synthesis 
of quite precise criteria for the diagnosis.25 Individuals diagnosed as 
psychopaths typically have six or more felonies in their criminal re-
cord, are unlikely to form long- term relationships, are manipulative 
and deceptive, and tend not to have deep feelings, positive or nega-
tive, about most things. Ted Bundy, who confessed to thirty murders 
between 1974 and 1978, and engaged in torture and necrophilia, was 
a classic psychopath; utterly without remorse or guilt at his actions, yet 
by all accounts attractive and charming. By contrast, Charles Manson, 
a cult leader convicted of conspiracy to commit the Tate and LaBianca 
murders in Los Angeles in 1969, was clearly delusional, imagining he 
was leading a revolution for the benefit of the people.
 Are the brains of psychopaths different? It seems so. The data 
available so far suggest important differences between the brains of 
psychopaths and those of healthy controls in those areas regulating 
emotions, impulses, and social responses. Specifically, the paralimbic 
regions of the brain are different in psychopaths both anatomically 
(smaller in size) and functionally (lower levels of activity in emotional 
learning and decision- making tasks).26 Paralimbic areas include those 
one would expect to be implicated: subcortical structures regulating 
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emotional responses, such as the amygdala and the septum, structures 
related to memory (hippocampal areas); and the cortical areas known 
to be involved in social interactions, including feeling social pain and 
pleasure (the insula, ACC, orbital frontal cortex, and lateral temporal 
lobe; see figure 3.6).27

 Twin and family studies suggest a heritability of psychopathy in the 
range of about 70%; childhood conditions such as abuse and neglect 
may contribute to those who are genetically disposed.28 Because a sig-
nificant proportion of the prison population—perhaps 30–40%—score 
high on the psychopathy criteria, and because psychopaths can be both 
deceptive and destructive, this is a social disorder of great concern. Psy-
chopathy also reminds us of the importance of negative affect in social 
intercourse—its crucial role in learning appropriate social behavior, 
in suppressing antisocial actions, and in developing a conscience. If 

Figure 3.6. Sketch of the human brain showing the location of the anterior cingulate 
cortex, orbitofrontal cortex, (so- called because it is located just above the orbits of 
the eyes) hippocampal gyrus, superior frontal gyrus, inferior temporal gyrus, fusiform 
gyrus, and corpus callosum (the main connecting pathway between the two hemi-
spheres). Based on Wikimedia Commons (http://commons.wikimedia.org/w/index 
.php?title=Special%3ASearch&search=anterior+cingulate).
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you feel no social pain, then a life- destroying mutilation has about the 
same significance as a lighthearted prank.29

 Because human brains have large prefrontal and limbic regions, we 
need not respond rigidly to awfulness.30 We can entertain options that 
will allow us to avoid future pain, or we can withstand immediate pain 
for longer- term benefit. We can evaluate long- term plans and their 
possible consequences. How this is achieved is a topic of ongoing re-
search, but is not well understood.31 What we do know is that deferring 
gratification typically involves consciousness and the engagement of 
the imagination as future effects are considered, but may also be medi-
ated by long- established habits, ingrained by the reward system.32 Such 
evaluation should not, however, be construed as “strictly cognitive,” in 
the sense of being uninfluenced by emotions, as perhaps calculating 
the sum of 29 and 57 would be. In fact, evaluation of envisaged future 
events, a constraint satisfaction process, is shaped by signals from the 
valencing circuitry that is the very core of being, being well, and being 
social. “Cool” reason is not devoid of emotions. Rather, it is balanced 
by attitude- emotions such as prudence, vigilance, and caution.
 There is yet another evolutionary modification to the mammalian 
brain, which involves the vagus nerve and the brainstem (figure 3.7). 
The vagus nerve is a kind of conduit for detailed signals to and from all 
aspects of the body—internal, muscular, skeletal, and skin. In mam-
mals, a new branch of the vagus developed that modified in a profound 
way a specialized behavioral response to danger—namely, freezing. 
Freezing can confuse a predator, who likely relies on motion to know 
where exactly the prey is. A lizard may freeze when startled, for ex-
ample. Neuroscientist Stephen Porges33 suggests that the mammalian 
modification of the freezing circuitry permits a new behavior that keeps 
the stillness but drops the fear, thus allowing for immobility without fear.
 Why is that important? Because mother mammals need to be im-
mobile without fear, while remaining vigilant. From the perspective 
of reptiles, this is an odd combination of states, but to suckle infants 
for hours and hours of her day, a mother mammal needs to lie fairly 
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still so the infants can feed on their only food. Her body must not be in 
shut- down mode, but ready to respond to threats and intruders. When 
mammalian mothers are still, the body and brain must not respond as 
though freezing with fear, for freezing with fear would mobilize the 
sympathetic system, damping the effects of oxytocin, and hence inter-
rupting the flow of milk. Instead, the lactating mother must be still, 
while calm and relaxed, and ready if danger arises. The female mam-
mal also needs to be somewhat still for copulation (consider the heifers 
that basically stand motionless while the bull energetically deposits 

Figure 3.7. The vagus nerve pathways. Left: Schematic diagram showing the location 
of the vagus nerve (tenth cranial nerve) as it enters the brainstem, as viewed from the 
underside of the brain. Right: Schematic showing the exceptionally broad range of 
innervation by the vagus nerve. “Gut feelings” are believed to rely on signals from 
the vagus nerve. Copyright Bloomsbury Educational Ltd., www.clinicalexams.co.uk/
cranial- nerves- system.asp; adapted with permission.
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sperm), and for birth (where dashing around would be dangerous to 
mother and child). So the vagus nerve, which is frequently taught as 
just another boring old cranial nerve to be memorized for the anatomy 
test, is, in mammals, a very special part of our social nature.
 For rats, mice, and many other mammals with a small prefrontal 
cortex (PFC) relative to body size, the brainstem and other subcortical 
structures are the principal players in integrating signals and making 
decisions, such as whether to flee now and feed later, whether to fight 
on or try again another day, whether to incur pain to defend the young 
against a predator. In primates, such as monkeys, chimpanzees, and 
humans, the larger prefrontal cortex means that the subcortical struc-
tures participate in but do not usually dominate the decision- making, 
though during panic, they may.34 Hence in primates there is a more 
flexible, and more complex, connection between stimuli and behav-
ior. Barry Keverne has described this looseness as a kind of liberation 
from fixed action patterns seen in small- brained mammals.35

 The excursion into the briar patch of pain, fear, pleasure, and the 
reward system has one more payoff. Prediction, as neuroscientist Ro-
dolfo Llinás points out, is the ultimate and most pervasive of brain 
functions.36 That is because in guiding behavior, predictive operations 
serve survival and well- being. The better the prediction, the more 
likely the individual is to survive predation, find good food, and avoid 
perils. Like the magic of compound interest, predictive capacities be-
come exponentially more powerful and abstract with the expansion of 
neural networks between sensory input and motor output. Early mam-
mals could use their neocortex to anticipate more effectively when a 
circumstance might end in trouble. Large- brained mammals can be 
even more clever in their predictions and behavior.37 For social mam-
mals, anticipating what others will do is supremely valuable: will an-
other share, bite, hit, mate, or what?
 Anticipations of social trouble normally carry emotional valence, 
and motivate preventive action in some form suitable to the circum-
stance. Moreover, the infant learns to anticipate the mother’s behavior, 
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and that of its littermates, coming to predict what is likely to follow 
certain preparatory movements—play, hurting, and so on. This, sug-
gest Don Tucker and colleagues, marks the modest beginning of inner 
representation of the goals of other individuals,38 a representation that 
is more abstract than a prediction of movement, but dependent on 
learned associations mediated by neocortical neurons.39 Only recently 
have animal behavior experiments been aimed at discovering whether 
nonhuman animals have a mental model of others’ goals and point 
of view, and some of the results are surprising. A scrub jay, as etholo-
gist Nicola Clayton has shown, does understand what other jays can 
see, and tailors its caching behavior accordingly.40 If a high- ranking jay 
can see another jay’s nut cache, the caching jay moves it; not so if the 
watching jay is low- ranking.
 Chimpanzees have been shown to be entirely capable of adjusting 
their behavior in a comparable way. Consider the mother chimpanzee 
who anticipates that her young chimp will provoke a hostile reaction 
in the alpha male if he were to make a grab for the adult male’s food. 
The mother feels anticipatory pain seeing the juvenile’s purposes, and 
whisks him off before the trouble starts. In humans, these humble but 
useful predictive tools lead to a more full- blown schema of others’ 
mental states, namely, a “theory of mind,” full of abstract representa-
tions such as “goals” and “beliefs.” (The neurobiology of “theory of 
mind” will be discussed more fully in chapter 4 and 6.)
 Increased neurobiological understanding of attachment in mammals 
fits with the observation that the nervous system is highly conserved 
across species: neurons are much the same and function in much the 
same way in humans and mice and slugs; the palette of neuro chemicals 
affecting neurons and muscles is substantially the same across verte-
brates and invertebrates; the basic pattern of body and brain develop-
ment is similar across vertebrates and invertebrates. The striking thing 
is that modest modifications in existing neural structures—an expan-
sion of an auditory area, or a magnification of a region representing 
touch on the fingers, for example—can lead to new outcomes, such 
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as a much greater ability to discriminate sounds patterns or touch pat-
terns.41 Along these lines, neurobiologist Jaak Panksepp suggests that 
the distress at social separation seen in mammals may be a modifica-
tion of a more ancient place preference—with concomitant anxiety in 
alien places—regularly seen in nonmammals.42 Familiarity is pleasant 
because it allows for greater predictability, and that means a reduction 
of anxiety. The pleasure of being among others in the group exploits the 
circuitry for feeling comfortable in safe and familiar, “rest and digest” 
conditions. The evolutionary changes in mammals whereby distress is 
felt at separation from those to whom we are attached are perhaps mod-
est modifications from the point of view of brain circuitry, yet they yield 
something quite new at the macro level: extending caring to others.
 Biological evolution does not achieve adaptations by designing a 
whole new mechanism from scratch, but modifies what is already in 
place, little bit by little bit. Social emotions, values, and behavior are 
not the result of a wholly new engineering plan, but rather, an adap-
tation of existing arrangements and mechanisms that are intimately 
linked with the self- preserving circuitry for fighting, freezing, and 
flight, on the one hand, and for rest and digest, on the other. The 
pain of exclusion, separation, and disapproval, for example, does not 
require a whole new system, but exploits, expands, and modifies what 
is already in place for physical pain and homeostatic emotions in pre- 
mammalian species. In the next section we take a closer look at how 
some mammalian nervous systems expanded attachment beyond the 
tight circle of offspring.

Mate Attachment

Though sometimes assumed to be a uniquely human pattern, long- 
term mate attachment is found in about 3% of mammals, including 
beavers, marmosets, titi monkeys, gibbons, the California deer mouse, 
prairie voles, and pine voles.43 Most mammals, however, even if they 
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are social, are either promiscuous or seasonal in their mating. A far 
higher proportion of bird species—around 90%—have strong mate- 
preference and long- term bonding.44 Our closest living relatives—
chimpanzees and bonobos—are not long- term pair bonders, and the 
same goes for most rodents and monkeys.
 Long- term mate attachment is a highly significant form of social-
ity: we love the other, we want to mate with him, be with her, to see 
her prosper, care for him. We feel distress at separation or when our 
partner is hurt or threatened. When a partner dies, the survivor is often 
depressed and sometimes fares poorly.45 Mate attachment does not, 
however, imply sexual exclusivity, as genetic studies on rodents and 
humans reveal.46 This may have something to do with genetic diver-
sity, and studies on the common mole rat, with the evocative scien-
tific name Cryptomys hottentotus hottentotus, do suggest this.47 But the 
question now is this: when we see strong mate preference in prairie 
voles, for example, what in the brain explains why a prairie vole is 
inclined to bond with its mate for life, but a montane vole is not?
 Voles are rodents that look rather like chubby mice with short tails. 
Prairie voles and montane voles, though physically resembling, are 
quite different in their sociality: prairie voles mate for life; montane 
voles display no partner preference. Male prairie voles guard the fe-
male and the nest against intruders, and males share parenting of the 
pups, licking, retrieving, and defending them. In montane voles, only 
females rear the pups, and then for a briefer period than prairie voles. 
General levels of sociability are also distinct. Placed randomly in a 
large room, prairie voles tend to cluster in fairly chummy proximity; 
montane voles are content to be loners.
 Prairie vole male- female pairs provide the basis for extended family 
groups, with siblings helping out with the younger pups. Not so for 
montane voles. Because the montane and prairie voles are very similar 
in the gross structure of their brains, they can be compared at the mi-
crostructural level to discover what neurobiological differences might 
explain these striking differences in sociality.
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 In the 1970s, Sue Carter, a neuroendocrinologist at University of Illi-
nois, had been studying the effects of hormones on brain and behavior 
when she observed that prairie voles formed strong mate preferences, 
and moreover that the bond forms with the first mating. Wondering 
about this striking phenomenon, she suspected that sex hormones—
probably estrogen—held the key to explaining the voles’ unusual at-
tachment patterns. While it was a good guess, her experiments did not 
support the estrogen hypothesis. Looking elsewhere for answers, she 
pondered biologist Barry Keverne’s remarkable neuroendocrinological 
work on sheep.48 Keverne’s lab had shown that injection of the neuro-
peptide oxytocin into the brain of a sexually naïve ewe could bring 
on full maternal behavior, including ewe- lamb bonding As any sheep 
farmer knows only too well, getting a ewe to bond to an orphan lamb 
is very difficult to achieve, even for ewes who have just delivered a still-
born lamb and would be ready to tend a lamb. So the effect was very 
striking indeed. If mother- offspring attachment is mediated by oxytocin, 
could mate- bonding be an extension of that? Carter’s hunch turned out 
to be very fruitful indeed, and it set in motion a huge range of research. 
Learning about this research, I began to suspect that this was the link to 
the kind of caring that we associate with human moral behavior.49 This, 
perhaps, Hume might accept as the germ of “moral sentiment.”

The Mechanisms of Mate Attachment

As mentioned, oxytocin is a very simple, very ancient, peptide; it is a 
chain composed of nine amino acid links (hemoglobin, for contrast, 
is a hugely complex chain, with more than five hundred amino acid 
links). OXT has a sibling molecule, arginine vasopressin (AVP), and 
they appear to have evolved from a common ancestor, differing in only 
two amino acids. Like OXT, AVP is found in the brain as well as the 
body, where it plays a crucial role in maintaining blood pressure and 
water balance.
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 OXT and AVP are naturally released in the hypothalamus, and dif-
fuse quite widely to other subcortical areas, such as those involved 
in reward (including the nucleus accumbens), in regulation of sexual 
behavior (the septum), and in regulation of parenting. OXT is more 
abundant in females than in males. AVP is released from other sub-
cortical areas, including the medial amygdala, the lateral septum, and 
the periventricular nucleus, and is more abundant in males than in 
females. The levels of AVP increase as the male enters puberty, and 
it is released during sexual arousal, falling just before ejaculation. In 
male rats, OXT promotes erectile function, peaking during orgasm, 
and falling to baseline levels about thirty minutes after orgasm.50 Cor-
ticotrophin releasing factor (CRF) is also a highly important player in 
mammalian social life. It is associated with stress, and hence with anxi-
ety and its discomforts. When animals feel safe and comfortable, their 
OXT levels rise and their CRF levels decrease from a ”fight or flight” 
level. Correspondingly, anxiety is reduced. Notably, however, moder-
ate levels of CRF increase bonding in male prairie voles.51

 To exert their effects, OXT and AVP bind to specific receptor- 
proteins on the surface of neurons, and hence the role of OXT in be-
havior depends on its relative abundance, but also on the density of 
receptors on neurons in a particular brain area. For example, female 
rats showing higher levels of licking and grooming of their infants have 
a greater density of OXT receptors than other females. OXT has only 
one kind of receptor, but AVP has two different receptors in the ner-
vous system. Binding to one plays a role in mate bonding and parental 
behavior, whereas binding to the other is associated with anxiety and 
aggression, typically in mate guarding.52

 In the research so far, the main neurobiological contrast between 
male montane voles and male prairie voles is that the latter have a 
much higher density of receptors for AVP and OXT in two very specific 
subcortical regions of the brain: the ventral pallidum and the nucleus 
accumbens (both part of the reward- and- punishment system; see fig-
ure 3.8).53 Although all mammals have both OXT and AVP in the 
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central nervous system and all have receptors for both, experiments 
have shown that it is the receptor density in these two specific and 
highly interconnected regions that marks a key difference in social be-
havior. If the receptors are experimentally blocked so that the OXT 
or AVP cannot bind, then the treated voles do not bond after the first 
mating, and do not exhibit the social behavior typical of prairie voles. 
Neurobiology being what it is, we should not be surprised if further 
factors, such as variations in neural circuitry and in levels of other 
hormones, play an important role in whether individuals in a species 
typically form long- term bonds or not. Hence the facts about high re-
ceptor densities correlating with long- term bonding are best thought of 
as the beginning of the story, not its end.
 What exactly is the effect on neurons when these two peptides, 
OXT and AVP, bind to their respective receptors? Investigation of 
these details is underway; complete answers are not known. More-
over, the answers are certainly going to be complex, even in voles, 
since the neurons affected are part of a wider system, meaning that 
what is going on elsewhere—in perception, memory, and so forth—
will have an impact. At the risk of simplification, we can note some 
properties that do stand out. OXT is released during positive social 
interactions, and has been shown to inhibit defensive behaviors, such 
as fighting, fleeing, and freezing. It appears to do so by interacting 
with the hypothalamic- pituitary- adrenal axis to inhibit activity in the 
amygdala, an evolutionarily old structure whose various functions 
include the regulation of fear responses. OXT release also tends to 
downregulate (dampen) fight- and- flight autonomic responses in the 
brainstem, and in general reduces the nervous system’s reactivity to 
stressors. Significantly, its effects are context- sensitive. OXT admin-
istered to male rats increases aggression toward an intruder but de-
creases aggression toward pups.
 Does the profile of receptor density seen in prairie voles extend 
to other monogamous species? It appears that the answer is yes for 



Car ing and Car ing For  • 51

Figure 3.8. Drawing of a rat brain, showing the main circuitry of the reward system. 
Three crucial subcortical structures are the nucleus accumbens, the ventral pal-
lidum, and the parabrachial nucleus. The main cortical structures connected to the 
hedonic hotspots are the anterior cingulate, the orbitofrontal cortex, the insula, and 
the ventromedial frontal cortex. The VTA (ventral tegmental area) contains neurons 
that release dopamine, and these neurons project into the ventral pallidum, the 
nucleus accumbens, and the orbitofrontal cortex, and are important in reward learn-
ing. All the structures and pathways exist also in the human brain. From Kent C. 
Berridge and Morten Kringelbach, “Affective Neuroscience of Pleasure: Reward in 
Humans and Animals,” Psychopharmacology 199 (2008):457–80. With permission.
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marmoset monkeys,54 titi monkeys,55 and the California deer mouse 
(Peromyscus californicus). By contrast, promiscuous species such as the 
rhesus monkey and the white- footed mouse, Peromyscus leucopus, have 
an OXT and AVP receptor profile similar to that of the montane (pro-
miscuous) vole. The comparable facts concerning receptor density in 
human anatomy are not yet determined, since injection methods to tag 
the receptors cannot be done in living humans, and are not effective 
when performed on dead brains. Nevertheless, because mechanisms 
and structures are highly conserved across species, a reasonable guess 
is that those humans who do form long- term, stable relationships will 
have receptor densities that are more like that of the prairie voles, mar-
mosets, and gibbons than like that of montane voles and chimpanzees.
 Investigating human gene- brain- behavior links, Heike Tost recently 
reported that a particular variant of the gene for the OXT receptor 
(OXTR) correlates with some types of variability in sociality seen in 
humans, including some types of social impairment.56 The allele (the 
OXTR gene is known as rs53576, the allele as rs53576A) is correlated 
with specific anatomical differences (relative to normal controls): de-
creases in gray matter size in the hypothalamus; increased connectiv-
ity between hypothalamus and amygdala and between hypothalamus 
and anterior cingulate cortex; and in males only, an increase in gray 
matter volume of the amygdala.57 In testing whether this made any dif-
ference to brain activity during an emotionally salient task, they found 
decreases in the level of amygdala activity.
 Behaviorally, the allele was associated with decreased sociality (the 
urge to belong, empathy for others, sensitive parenting, the capacity 
for long- term attachments, and so forth) using well- established self- 
rating scales.58 No techniques yet exist to determine directly the recep-
tor density and distribution in live subjects, hence the focus on neural 
structures known to sequester OXT (e.g., the hypothalamus ) or to be 
richly connected to areas that have OXT receptors (for example, the 
amygdala). To explain the variation in social temperament, Tost et al. 
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suggest that in those carrying the rs53576A allele, the nonstandard 
structure and connectivity between the hypothalamus, amygdala, and 
anterior cingulate may typically generate less positive or even negative 
feelings about social interactions. What a control subject might find 
a mildly pleasurable interaction, such as chatting with a stranger in a 
grocery store queue or helping a neighbor pick up dropped groceries, 
these subjects find unpleasant. This is plausible, given what is known 
about the important role of the amygdala in feelings of fear and fear 
responses, and also in positive social responses.59 Many factors play 
a role in sociality in humans, and as we shall discuss in chapter 5, 
single genes seldom have big effects, but are part of multinode gene- 
networks, and part of gene- brain- environment networks with recurrent 
loops. Accordingly, the finding regarding one significant variant of the 
gene for OXTR, while important, is likely to be only a part of the story 
of human sociality and its variability.
 To get a feel for these other factors, consider that there is a gen-
erational effect of maternal behavior on the infant’s OXT levels, and 
on its subsequent social behavior. Michael Meany and his colleagues 
showed that mother rats that have high levels of maternal behavior 
also have high levels of OXT; the recipients of their maternal behavior 
also have high levels of OXT that was shown to be causally related to 
the mother’s licking and grooming. When those female pups mature 
and have their own litters, they too are highly maternal, and have high 
OXT levels, and their babies in turn have high levels of OXT.60 Cross- 
fostering tests show that the parental behavior in early experience of 
the infants is more influential in this outcome than genes.61 A similar 
result has now been shown in rhesus monkeys.62 In humans, higher 
OXT levels correlate with high levels of maternal interactions, which 
in turn correlate with high levels of OXT in the babies. As Ruth Feld-
man and her colleagues suggest, there is a biofeedback loop between 
OXT, parenting, and infant social competence in nonhumans, and 
this may obtain in humans as well.63
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What Else besides Oxytocin?

More is known about the role of vasopressin in males than in females. 
In males, it is essential for bonding to a mate, and probably also plays 
a role in aggression, especially in defense of juveniles and the mate. 
Nevertheless, in some conditions AVP has effects opposite to those of 
OXT. Thus administering AVP to a male vole increases his level of 
activity and arousal, and is more associated with defensive postures 
than with “friendly” postures. Whereas OXT administration to females 
reduces mobility and induces quietness, AVP administered to males 
seems to have the contrary effect. The OXT and AVP systems of course 
interact with other hormones such as estrogen and progesterone, both 
prenatally and after birth. They interact as well with neurotransmitters 
such as dopamine and serotonin,64 and the details are under study. 
(Neurotransmitters, of which there are many, are substances secreted 
by one neuron, then binding to another after diffusing across the space 
between the two neurons, thus constituting a form of communication 
between spatially separate neurons. The released substance will in-
crease or decrease the probability that the receiving neuron will be 
activated.)
 In addition to the OXT and AVP systems, the dopamine system ap-
pears to be important to the expression of social behavior. Dopamine 
is a neurotransmitter that plays multiple roles in many functions. It has 
two receptor types, D1 and D2,65 that are particularly relevant to social 
behavior, and each has distinct functionality. Dopamine is known to 
be crucial in learning, and mediates neuronal changes in the reward/
punishment system as animals learn about the world and come to pre-
dict one event from the occurrence of another. For prairies voles to 
attach to their mates, for example, they need to be able to recognize 
which vole they mated with, and recognition requires learning, and 
learning requires dopamine.
 Dopamine has recently been identified as having a role both in pair- 
bonding and parenting behavior. Access to D2 dopamine receptors is 
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necessary for formation of a pair- bond, while activation of D1 dopa-
mine receptors blocks pair- bond. Following formation of the bond, D1 
receptors are upregulated, preventing formation of a second bond. In 
order for dopamine to function in pair- bonding, its D2 receptors have 
to be located next to the OXT receptors on the same neurons in the 
reward system; for females that co- localizing arrangement must exist 
in the nucleus accumbens, while for males, it must exist in the ventral 
pallidum (both structures being part of the reward- and- punishment 
systems).
 Release of the endogenous opiates follows the reunion of separated 
animals or the satisfactory response to distress calls from the juveniles.66 
Behaviorally, this can be observed in the joy displayed by one dog 
when reunited with his pal or his master, a behavior that is completely 
distinct from the subdued look of sadness when the suitcases appear in 
the hall. Reunited dogs, for example, will lick each other on the face, 
jump to each other, wag energetically. The precise nature of the role 
of the endogenous opiates, and their interactions with other hormones 
such as prolactin, and with OXT and AVP, remains to be worked out. 
While the story is incomplete and becomes more complex the more 
we know, the core of the story—that receptor density for OXT and 
AVP is associated with attachment—draws some of the mystery out.
 I have emphasized that there is a complex relationship between 
OXT and CRF, a stress hormone, but one of the most remarkable 
findings expands the complexity into the unexpected realm of gen-
eral health and wound healing. Stressful conditions, such as being 
in a restraint, can slow down wound healing, a result shown in both 
humans and rodents. Importantly, administration of OXT has been 
shown to speed up wound healing in stressed rats. This finding raises 
a very intriguing question concerning the relationships between OXT 
and other substances known to play a role in wound healing, such 
as circulating cytokines (part of the immune system response), and 
other substances that reduce inflammation. In a recent paper, neuro-
scientist Jean- Philippe Gouin and colleagues67 tested wound healing 



56 • Chapter  3

in human subjects. Thirty- seven couples, displaying varying degrees 
of affection or tension, were admitted for a hospital visit for 24 hours, 
during which they participated in a “structured social support interac-
tion task.” OXT and AVP levels in saliva were measured upon entry. 
One finding was that higher OXT and AVP levels were associated with 
supportive, affectionate human relationships, lower levels with “nega-
tive communication” in couples. For the “wound,” everyone received 
a small suction blister on the forearm. The progress of the blister’s 
healing was evaluated every day for eight days, and then again on the 
twelfth day. The basic finding, statistics aside, was that individuals with 
high OXT levels showed significantly faster healing, and women with 
high AVP levels did also.
 Also noteworthy here are proposals to use oxytocin for therapeutic 
purposes in treating cases of posttraumatic stress disorder (PTSD) that 
are resistant to cognitive therapy. Because of the relationship between 
levels of oxytocin and feelings of safety, trust, and pleasure in the com-
pany of others, and because weakening conditioned fear responses 
involves weakening the amygdala’s reactions to a stimulus, the thera-
peutic strategy is under serious consideration.68

Male Parenting

The forgoing traces some of what is known about pair- bonding, but 
a little more needs to be said about the mechanisms whereby male 
voles show spontaneous parental behavior. New data suggest that this 
too is mediated principally, but not exclusively, by OXT and AVP. 
Neuro scientist Karen Bales showed that reproductively naïve male 
voles spontaneously engage in alloparenting (rearing of non- kin) of 
pups to which they are exposed, showing both passive parenting (hud-
dling over the pups) and active parenting (retrieval and licking).69 If, 
however, the males are treated with substances that block the OXT 
receptors and the AVP receptors, alloparenting is reduced and attacks 
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on pups are increased. At lower doses of the blockers, the response to 
pups is slower, and attacks are fewer, suggesting dose dependency. If 
only one receptor type (either OXTR or AVPR) is blocked, there is 
no effect. So either receptor seems to be sufficient for mediating the 
alloparenting. Finally, it turns out that in a reproductively naïve male 
prairie vole, mere exposure to pups increases his level of OXT, lowers 
his level of corticosterone (a stress hormone), and enhances the prob-
ability of later bonding with a female.
 Evolutionary biologists may ask why male prairie voles bother with 
parenting, let alone alloparenting—what is in it for them and their 
genes? After all, the montane vole pups do well without their fathers 
helping out. So far as I know, there is no entirely settled answer. The 
environments of montane and prairie voles are rather different, how-
ever, and the prairie voles are probably more vulnerable to predation 
by hawks and kestrels than montane voles, who usually have ample 
protective cover among rocks and bushes in the woods. On open prai-
rie, males’ parenting can help defend the nest, and by bringing extra 
food, males can raise stronger pups that are more resistant to predation. 
In any case, the fact that OXT-  and AVP- mediated parenting behav-
ior is seen in males also suggests a more general idea, namely that in 
mammals, expanding sociability may be achieved by rather minor ge-
netic modifications, resulting in modifications to the circuitry, neuro-
chemicals, and receptors to support new levels of sociability.  
 Early on in the research on monogamous pair- bonding in prairie 
voles it was suggested that the genetic differences between monoga-
mous pair- bonders and others might be linked to variants in a particu-
lar stretch of DNA that regulates expression of the vasopressin receptor. 
That particular stretch of DNA was discovered to be longer in prairie 
voles than in montane voles, thus raising the question of whether this 
might be true of other species in which mates form long- term bonds. 
Further research on other species has challenged that suggestion, alas. 
Multiple mechanisms are clearly involved, and genetic analysis shows 
that monogamous mating patterns have evolved multiple times in 
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mammals, and at least twice even within the genus Peromyscus.70 Talk 
of a “gene for monogamy” is muddled.71

 What about human mate attachment? Are we, by nature, like  prairie 
voles? The answer seems to be that humans are flexible in their mating 
arrangements. Strong attachments are certainly common, but accord-
ing to anthropologists George Murdock and Suzanne Wilson, 83% of 
societies allow polygynous patterns of marriage. Depending on condi-
tions, however, even if polygyny is allowed, most men are of modest 
means and hence are likely to have only one wife.72 Consequently, 
de facto monogamy may prevail, though the wealthier men may have 
more than one wife. In historical times, it has been well documented 
that a wealthy man may have a special, long- term attachment to one 
particular female, even while enjoying, and perhaps impregnating, 
various other women. So even when polygyny is the local practice, 
individual inclination may result in long-term attachments.
 In the other 17% of societies, both modern and ancient (e.g., Greece 
and Rome), monogamy has been the practice. The explanation for 
the cultural variation of marriage practices probably rests mainly with 
variation in ecological and cultural conditions, and in particular, with 
whether there are conventions for heritability of property and other 
forms of wealth, along with wealth to be inherited.
 Drawing on historical and ethnographic data, evolutionary biolo-
gists Laura Fortunato and Marco Archetti argue that when there are 
multiple wives each with children and hence multiple heirs, transfer-
ring resources to all heirs results in a depletion of their fitness value; 
for example, the patches of land to bequeath get smaller and smaller, 
and less able to support the families that depend on the land.73 A man 
might select one particular wife whose children inherit all the wealth, 
but this makes for competition among offspring, and is generally an 
unstable solution. In these conditions, a more stable strategy for en-
hancing the well- being of one’s own offspring would be to have one 
wife, be sure of the paternity of the offspring, and invest heavily in 
the welfare only of her children. Fortunato and Archetti note that 
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monogamy emerged in Eurasia as agriculture became widespread, 
with land and herds as an important source of wealth that could be 
passed to heirs. Once certain practices become the norm, once they 
are seen to bring benefits and to circumvent troubles, once they are 
reinforced by social approval and disapproval, they do of course seem 
to reflect the only right way for things to be.

What Is the Connection between  
Attachment and Morality?

The probability is that OXT and AVP and a spectrum of receptor dis-
tributions are important elements in the explanation of human styles 
of sociability, and this neurobiological understanding has broader im-
plications for the origin and basis of human morality. Humans, like 
baboons, marmosets, wolves, and some other mammals, are intensely 
social. Our brains are structured to see to our own interests, but also to 
those of kin and kith. Though social life brings many benefits, it does 
increase within- group competition, and rivalry for resources between 
siblings, mates, and neighbors. Social problem- solving, grounded by 
attachments, but also shaped by concern for reputation and by fear of 
punishment and exclusion, leads to ways of reducing conflicts, such 
as those involving external threats and internal rivalries. Thus in hu-
mans, monogamy as a social practice may be a good solution to re-
ducing competition for females, and for bequeathing resources. Some 
social solutions are more effective than others, allowing for stability 
and security within the group, but others may be socially unstable in 
the long run or may become unsuitable to the well- being of members 
when conditions change. Social behavior and moral behavior appear 
to be part of the same spectrum of actions, where those actions we 
consider “moral” involve more serious outcomes than do merely so-
cial actions such as bringing a gift to a new mother. That social and 
moral behavior are part of a single continuum is modestly supported 
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by neuroscientific data showing that whether a subject sees a merely 
social event or a conventionally “moral” event, the same regions of the 
prefrontal cortex show increased activity.74

 In humans, cultural practices, conventions, and institutions steadily 
change as solutions to social problems become entrenched. Practices 
may be picked up explicitly, as in learning not to lick your knife at 
table, or implicitly, as in learning the acceptable forms of hugging 
and kissing with kith and kin. Humans are learners extraordinaire, and 
imitators plus extraordinaire. Sometimes without much awareness, 
we pick up mannerisms, styles, technologies, practices, and in- group 
symbolism.
 Social problem- solving is probably an instance of problem- solving 
more generally, and it draws upon the capacity, prodigious in many hu-
mans, to envision and evaluate the consequences of a planned action. 
It also draws upon the capacity, probably connected to playfulness, to 
modify current practices and technologies as conditions change. Cul-
tural variability in social practices of humans is well documented by 
social scientists, and covers a broad span, from land ownership to bank-
ing regulations to appropriate responses to insults to suitable forms 
of humor.75 But just as there are common themes across cultures in 
body decoration or animal husbandry, so there are common themes 
regarding punishment, conflict resolution, mate and child interac-
tions, property ownership, and group defense. Shunning as a form of 
punishment for social misbehavior, for example, is common across 
many cultures and species, and reconciliation following conflict typi-
cally involves touching and stroking, and often a ritualized submissive 
posture. Shunning and reconciliation touching are each linked to dis-
tinct changes in the neural circuitry that causally implicate distress or 
comfort, respectively.
 The commonality in social practices is owed in part to similarity in our 
basic social desires and their neurobiological mechanisms, conserved 
across all mammals but with distinct modifications in distinct species. 
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Exactly what about the human brain allows for cultural accumulation, 
and what ecological conditions support it, remains unsettled.76

 In chapter 4, we shall look more closely at what we can learn from 
neuroscience and anthropology about extending trust and cooperation 
beyond small groups of kin- related individuals, to acquaintances, and 
then to strangers.

• • •

In mammals, many brain processes participate in sociality, but three 
major factors stand out: (1) urges to care about the welfare of self, 
offspring, mates, and affiliates; (2) the capacity to evaluate and predict 
what oneself and others will feel, and do, in particular circumstances; 
and (3) a neural reward- and- punishment system linked to internal-
izing social practices and applying them suitably—more generally, 
linked to learning the expectations and ways of parent, siblings, and 
other group members.77 

 The form that sociability takes in individuals of a species depends 
on their niche and on how they make their living. Sociability is not 
all- or- nothing, but comes in degrees. Cougars tend to be minimally 
social, humans tend to be intensely social, and ravens are somewhere 
in between. Sociability can also depend greatly on food resources. As 
Benjamin Kilham has shown in his wonderful studies, black bears, 
standardly classified as solitary creatures save for mother- cubs groups, 
will be surprisingly social so long as there is lots of food to feed every-
one.78 Lastly, within a species there is considerable variation among 
individuals, and as noted above, some of this may depend to some 
extent on genes for the receptor of OXT, but also on infant- parent 
interactions. Some humans are highly group- directed and reputation- 
sensitive, while others live contentedly on the fringes of society, happy 
in their eccentricity; at the extreme, there are humans with distinctly 
disadvantageous social impairments, such as autism.
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 If moral values are anchored by the neurobiology of sociability, and 
if cooperation is an important morally relevant behavior, the next step 
in our investigation is to look more closely at cooperation, and finally 
to inquire how it is that trusting, cooperative interactions can regularly 
occur between unrelated friends and strangers. At the same time, we 
need to be aware that there is a dark side to sociality, and in humans, it 
can be very dark indeed.


