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 Besides the new roles for oxytocin and other hormones, two ad-
ditional interdependent evolutionary changes in the brain were cru-
cial for the mammalian sociality that prefigured morality. The first 
involved modifications that gave rise to negative feelings of fear and 
anxiety in face of separation from or threat to the offspring, along with 
the motivation to take corrective action. In addition, pleasure and re-
lief come when the parent is rejoined with the offspring or the threat 
has passed.4 The second main modification was an increased capacity 
for learning, linked to pain and pleasure, that served an individual in 
acquiring detailed knowledge of the “ways” of others in the group. 
Expanded memory capacities greatly enhanced the animal’s ability to 
anticipate trouble and to plan more effectively. These modifications 
support the urge to be together, as well as the development of a “con-
science” tuned to local social practices; that is, a set of social responses, 
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Figure 2.1. The molecular structure of oxytocin. Shown are its nine amino acids 
(cysteine occurs twice) linked by other molecules. By contrast, hemoglobin, the mol-
ecule in the blood that contains iron and carries oxygen, has about 500 amino acids. 
Hence oxytocin is considered a simple peptide (string of amino acids). Not shown is 
the three- dimensional structure of oxytocin.
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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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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.
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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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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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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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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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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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nucleus accumbens, and are closely tied to emotions, feelings, sensa-
tion, drives, and the general state of the body.5 A new anatomical tech-
nique, tensor diffusion imaging (TDI), is particularly advantageous in 
this study, since unlike traditional anatomical techniques, it can be 
used on living subjects, including humans.6 TDI research reveals a 

Figure 6.1. The dark area corresponds to the prefrontal cortex in each of the six  species 
shown. Two views are shown: lateral- frontal (as though looking from the side and 
front), and medial, so the extent of the prefrontal cortex on the inner aspect of the 
hemisphere is represented. Not to scale. Reprinted from Joaquin Fuster, The Prefrontal 
Cortex, 4th ed. (Amsterdam: Academic Press/Elsevier, 2008). With permission from 
Elsevier.
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Figure 6.2. A (Top): Drawing of a monkey brain, showing area F5 in premotor cortex 
where mirror neurons were first found. F1 is the primary motor area. F2, F4 and F5 
are premotor areas anterior to the motor strip; AS arcuate sulcus. B (Bottom): Draw-
ing of the frontal region of the human brain showing area 44 (part of the inferior 
frontal gyrus), the area believed to be homologous to F5 and, along with area 45, 
also known in the human brain as Broca’s area. The shading represents areas with 
anatomical and functional homologies. IF: inferior frontal sulcus; SF: superior fron-
tal sulcus; IPa: inferior precentral sulcus; SP: superior precentral sulcus. The other 
numbers refer to Brodmann numbering of areas. Reprinted from G. Rizzolatti and 
M. Arbib, “Language within Our Grasp,” Trends in Neurosciences 21 (1998):188–94. 
With permission from Elsevier.
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many researchers believe that our empathic responses present a bet-
ter case for simulation as the means by which we identify the mental 
states of others.69 My having empathy for your predicament, according 
to this view, depends on simulating, in my brain, your sad facial expres-
sion. This action makes me feel a little sad, and thus I can recognize 
what you are experiencing. Ditto for fear, disgust, anger, and so forth. 
Taking this fairly old idea and packaging it in terms of mirror neu-
rons, neuroscientist Marco Iacoboni has proposed a general account 
for empathy according to which “the core imitation circuitry would 
simulate (or internally imitate) the facial emotional expressions of 
other people. This activity would then modulate activity in the limbic 
system (through the insula) where the emotion associated with a given 
facial expression is felt by the observer.”70 As Iacoboni sums up the 
hypothesis, mimicry precedes the recognition of what you are feeling, 
and gives us the basis for ascribing a feeling to you.71

Figure 6.3. Diagram of the left hemisphere of the human brain showing the location 
of major sulci and gyri, and the inferior parietal lobule (in gray). Based on Wikimedia 
Commons, public domain. (http://commons.wikimedia.org/w/index.php?title= 
Special%3ASearch&search=inferior+parietal)




