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Summary

The use of hormone actions to help unravel brain mechanisms for behavior has led
to several striking successes in analyzing neural circuits and cellular mechanisms for
social behaviors. This success has prompted us to look forward and speculate about
the essential nature of the most complex social behaviors. We propose that there are
several aspects that distinguish social neuroscience from neuroscience more generally.
One notion is that the nature of human social behavior is qualitatively different from
that of any other species and was perhaps a key driving force behind the evolution
of the human mind and brain. Other speculations involve the normative aspects of
social behaviors, both prosocial and antisocial. Bringing complex social behaviors
into the laboratory for systematic analysis will pose one of the major challenges for
experimenters in our field.

Introduction

Science usually proceeds from the simple to the complex. In neuroscience, for example,
some of the most brilliant forays of the last century involved discovering the stimulus
properties of neuronal response requirements in the visual system, by David Hubel
and Torsten Wiesel, and in the somatosensory system, by Vernon Mountcastle. On the
subject of motor response regulation, the spinal cord reflexology of Charles Sherring-
ton followed by the synaptologic analyses of John Eccles would provide two of the
most famous illustrations. An extremely simple social behavior, lordosis behavior, was
explainable both in terms of neural mechanisms and in terms of functional genomics,
in part because of its hormonal dependency (Pfaff 1999). Then, without discarding any
of these ambitions regarding stimulus processing and motor control, scientists have
made considerable progress analyzing states of the CNS. Thus, mechanisms underlying
stress (McEwen 2007), sleep/wake cycles (McCarley 2007), circadian biology (Young
and Kay 2001) and fundamental brain arousal (Pfaff 2006) have been investigated. We
note that these state changes are of considerable importance to medicine and public
health, having implications for a variety of mood disorders and for cognitive functions
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involving attention. In all these cases, wherever there is a hormone dependency, the
use of our knowledge of the molecular mechanisms of hormone action makes progress
easier.

Now, using the hormonal dependencies revealed by chemical endocrinology and
molecular endocrinology whenever possible, neuroscientists are attacking problems
having to do with complex social behaviors, that is, they are invading territory that
formerly concerned social psychologists. In fact, a journal, Social, Cognitive and Af-
fective Neuroscience (SCAN), is entirely devoted to such research. These scientific
developments seem somewhat amazing because of the astounding complexity of such
behaviors. Chains of responses by two animals might be represented by quantitative

Fig. 1. Genomic effects on social behaviors are potentially complex in the extreme. If we think
of just the fragment of an example sketched above quantitatively, as an equation, then it would
be composed of at least seven functions, four for animal A and three for animal B. Are these
functions multiplicative? Exponential? Note that Kavaliers et al. (2004) have shown that some of
the behavioral dynamics of the estrogen receptor-alpha knockout mouse are due to its altered
body odors – its properties as an olfactory stimulus to the other animal in the dyad
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functions in which the two sets of behaviors are multiplicative or even exponential
functions of each other. Indirect routes of causation abound. For example, when we
talk about gene/behavior relations, we usually are considering that gene’s impact on
nerve cells in the relevant neural circuits of the very animal in which the gene has
been altered. However, one recent paper (Kavaliers et al. 2004) indicates that removal
of an estrogen receptor gene alters the stimulus properties (odors) of the knockout
animal, thereby affecting the behavior of other mice (Fig. 1). Further aspects of the
complexities of gene/behavior relations – applying to simple behaviors as well as to
social behaviors – include pleitropy of gene action, redundancies of functions among
different genes, and the incomplete penetrance of some dominant genes. These are
illustrated in Fig. 2.

With respect to positively valenced social behaviors, we would stand, as did Claude
Kordon (this volume), with the renowned evolutionary biologist Ernst Mayr, who
considered sexual behavior to be at “the leading edge of evolutionary change.” Mating
behavior sets the bauplan, the initial organizing structure, for a variety of social
behaviors and has been the subject of extensive neural, endocrine and genomic research
(Pfaff 1999). With respect to negatively valenced behaviors, mechanisms for learned
fear have been analyzed (LeDoux 2000) and have emphasized the crucial participation
of nerve cells in the lateral amygdala.

In this brief chapter, we would like to take the opportunity to consider whether there
are any unique, abstract issues that we will face, as special problems or opportunities,
as we continue to study mechanisms for social behaviors in animals and humans. Is
current work in social neuroscience just one more example of lab science pushing into
domains that used to be part of the humanities or social sciences? We think not.

The Social Brain

We propose that there are several very interesting aspects that distinguish social neu-
roscience from neuroscience more generally. One notion is that the nature of human
social behavior is qualitatively different from that of any other species and was perhaps
a key driving force behind the evolution of the human mind and brain; so, the social
aspects might be a lot of what make humans different from other species.

The “social brain hypothesis” has argued that the expansion of the human brain
and the cognitive capacities that have resulted were driven by the need to adapt to
an environment that was becoming more socially complex (Byrne and Whiten 1988;
Dunbar 1998; Dunbar and Shultz 2007a). Precisely what it is about social behavior that
makes it more complex and in need of more substantial cognitive capacity, and what
it is about the brain whose evolution can adapt to this challenge, are still matters of
some debate (Healy and Rowe 2007). There is good evidence for a correlation between
neocortex volume, in particular, and the size of social groups; but social group size
has been argued, on the basis of detailed path analyses, to be a proxy for “social group
complexity,” which is defined as the number and kind of social relationships that an
individual must keep track of to successfully negotiate social transactions in its group
(Dunbar and Shultz 2007b). While it seems clear that many or most brain regions
must evolve in tandem to support any increase in one region in particular, sectors of
the prefrontal cortex have received the most attention, as that region of the brain has
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Fig. 2. Some of the reasons for complexity in gene/behavior relationships have to do with
pleiotropy, redundancy and incomplete expression of dominant genes in heterozygotes (adapted
from Pfaff 2001)

expanded the most specifically in human evolution. Prefrontal cortex as a whole is not
larger in humans than it is in the great apes (relative to whole brain size; Semendeferi
et al. 2002), but very anterior regions within it (Semendeferi et al. 2001), as well as white
matter interconnecting its diverse sectors (Schoenemann et al. 2005) do seem to have
expanded disproportionately in human evolution. Moreover, much of the expansion
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of the human brain has occurred quite recently in evolution. We assign importance to
this expansion being coupled to the highly altricial (developing over a long period of
time, and late developing) brain that human neonates have compared to those of other
primate species (Coqueugnlot et al. 2004).

A related point of great public importance is that understanding the neural under-
pinnings of human social behavior has the potential to address what are arguably the
most pressing issues for the future survival of our species. A pressing case concerns
intergroup conflict. The most devastating examples would be instances of attempted
genocide. Even during the relatively short time since the Holocaust, there have been five
cases: Kosovo, Rwanda, Somalia, Cambodia and Darfur. Scientists may, in the future,
be able to understand what is going on in such cases and may help in learning how to
prevent such man-made disasters.

On the other hand, we all are aware of examples in which people have acted entirely
unselfishly and helped others, at times with great danger or loss of life to themselves.
In fact, one of us has argued that our brains are “wired for altruism” (Pfaff 2007).
Such exemplary pro-social behavior appears to be exactly at the opposite end of the
spectrum from the conflicts mentioned above that often make the headline news, but
how can it be explained? Concerning perhaps one of the most exciting areas in social
science and social neuroscience, several theoretical reasons have been given as to why
non-reciprocally altruistic behaviors might evolve (Nowak and Sigmund 2005) and
how the altruistic behaviors of even a small number of individuals could spread in
a society and render it better adapted (Gintis et al. 2003). Aspects of prosocial behavior
are now being investigated with techniques ranging from functioning neuroimaging
(deQuervain et al. 2005) to pharmacology (Kosfeld et al. 2005). The mechanisms that
would enable such behaviors are precisely the ones that would contribute to the “social
complexity” factor we noted above and that would have contributed to the evolution
of cognitive abilities and brain regions that could subserve them.

Social neuroscience looks at issues that are very important to us from a normative
point of view, assigning positive or negative evaluations on any given set of acts. Since
we are such an intensely social species, often living in crowded environments, the
morality of our behaviors towards each other takes on overwhelming importance. One
person living alone in a forest does not have such problems, but we presently are living
in times when a very small number of people can do harm to a very large number
of people. The psychological and neural underpinnings of moral judgment and moral
reasoning are intense topics of recent research (Hauser 2006; Moll et al. 2005), as
reviewed in Hauser’s chapter in this volume. How to study actual moral behavior in an
ecologically valid setting remains a challenge.

Social Experience Driving High Levels of Self Awareness?

A final point would be very speculative: that ultimately an understanding of how social
information is processed in the brain will also yield insight into the nature of conscious
experience. At least it seems plausible that much of the nature of human conscious
experience depends on being embedded in a complex social environment. Consider
that the tremendous expansion of the human cerebral cortex permits a human to
use large numbers of facial muscles to express emotions and to emit grammatical
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speech, and correspondingly our powerful cortex leads to the human receiver’s ability
to recognize emotional expressions and to understand speech. In these ways, our
social communication is associated with our highest nervous and mental capacities. It
is notable that neurologists use the ability of a patient to initiate social communication
and to respond to social signals as a sign that the patient has emerged from a vegetative
state into a conscious state (Posner et al. 2007; Schiff et al. 2007).

While conscious experience remains one of the most difficult phenomena to ap-
proach scientifically, amounting to one of the “hardest” problems in science, it is also
true that we can observe intriguing correlations between the richness (or even the
presence) of conscious experience and social behavior. To make any such correlations
causal, we will need to know much more about the processes and the neural structures
that underlie both conscious experience and social cognition. There are some leads.
Consider, for instance, the finding that similar network of brain structure is engaged
when we construct episodic thoughts (either about our autobiographical past or the
imagined future) and when we engage in self-referential thinking of any kind (Buckner
and Carroll 2007). This network is also likely engaged when we think about the minds
of other people. One direction in which the causality could run is from social to con-
scious experience. This idea would propose that complex social behavior promoted the
evolution of higher cognitive functions required for large and episodic memory stores,
for counterfactual and recursive thinking, in short, for outsmarting others, and that
this collection of cognitive abilities provided much of the content, if not the state/level,
of human conscious experience. But one could also see the causal chain running in
the other direction. One strategy by which it is thought that humans figure out what
other people believe and intend to do is by simulating aspects of what is going on in
their minds at a conscious level. “Simulation” theories of how we predict and interpret
other people’s behavior seem to put emphasis on the simulation engaging conscious
experience (although this is usually not made explicit in the theories), for instance in
the form of conscious experiences of emotion when we empathize with another person
we observe to be in pain (Singer et al. 2004). In summary, social cognition may have
enabled (aspects of) the nature of human conscious experience or conscious experience
may have enabled (e.g., simulation aspects of) social cognition.

All of these issues are extremely “high-level” in the sense that they are difficult to
investigate experimentally in the laboratory. Self awareness and consciousness are hard
subjects. We can make a start by defining and assaying generalized CNS arousal and
working on its cellular and molecular mechanisms (Pfaff 2006). Beyond this humble
start, certainly, the more abstract among these questions are the ones that neuroscience
is barely beginning to study. We feel, however, that eventually they will be seen to be
grounded in, and require a detailed understanding of, neuroscientific mechanisms. We
expect that these mechanisms serve the more basic aspects of emotional and social
information processing in humans, as well as aspects of emotional and social informa-
tion processing in other animals. Indeed, there are now a number of findings showing
the effects of specific neurotransmitters on social cognition (Chiavegatto et al. 2001;
Clarke et al. 2004; Harmer et al. 2003; Kosfeld et al. 2005), the engagement of structures
involved in emotion and reward processing (deQuervain et al. 2005; Eisenberger et al.
2003; Singer et al. 2006), and even the influence of specific genes (Good et al. 2003;
Pezawas et al. 2005). The key question will be how these more basic mechanisms, taken
together, can add up to and explain the full richness of social cognition.
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Outlook

While some of the most solid work on mechanisms of social behaviors in animals
and humans has made clever use of hormone actions on nerve cells, the very success
of such neuroendocrine experiments on simple behaviors encourages speculations
about the essential nature of still more complex social behaviors. As a result of such
speculations, we do not consider that social neuroscience is just like neuroscience more
generally, only more complex. Instead, it is distinguished qualitatively by giving special
insight into how we (and other species) evolved, how we may survive as a species in
the future, and how we experience the world. It remains an important challenge for
future investigations to carve out precisely which domain, at the process level, is
at the core of “social cognition,” or which domains social cognition is most related
to. There are certainly some abstract, and complex, operations that social cognition
shares with other cognitive domains: for instance, recursion is a feature both of complex
social interactions and language; causal reasoning may be related to complex tool use
(Johnson-Frey 2003) and to counterfactual reasoning; and domains like language and
social behavior may be related in other ways as well, such as that shared language
influences social group membership (Kinzler et al. 2007). As we noted above, an
intriguing recent observation is that there appears to be a common neutral substrate for
self-reflective thought, for reasoning about other people’s minds, and for retrospective
and prospective episodic thinking (episodic memory and episodic future planning and
anticipation; Buckner and Carroll 2007). All these abilities are certainly “complex” in
some sense, requiring high-level inferential and counterfactual thinking (Gilbert and
Wilson 2007), and it is intriguing to speculate that they might be related and perhaps
driven by the need to be able to track and predict complex social interactions.

This book began at a high integrative level by considering prosocial, moral behavior
as a natural product of the human mind and by presenting experimental data on trust
and altruism shown by human subjects Then, brain mechanisms were analyzed in
reductionistic experiments with animals, including hormones, neurotransmitters and
neuropeptides. As far as antisocial behavior is concerned, we recognize that pathologies
of social behavior abound. Some of the best-understood pathologies have to do with
the human amygdala and the prefrontal cortex. We rush to acknowledge that not
all causes of abnormal social behavior, such as violence are, ab initio, derived from
the offender’s central nervous system; humiliation of young men by huge disparities
of wealth, mistreatment of children during critical periods such as the neonatal and
pubertal periods, rendering children anonymous by virtue of overwhelmingly large
schools and failing to provide children with positive visions of their roles in society all
can play a part (Devine et al. 2004). This volume, however, is limited strictly to biological
considerations, even while realizing that they are not the entire story. These chapters
give multiple examples of the intimate relations between alterations in hormone levels
and alterations in social behaviors.

In terms of public health, the most important aspects of hormones and social
behaviors will deal with attempts to reduce the most damaging aspects of human
behavior. Two structures linked to pathologies of social behavior, the amygdala and
prefrontal cortex, are known to be involved in aspects of emotion processing: the
amygdala in Pavlovian fear conditioning (LeDoux 2000) and in mediating emotional
autonomic responses (Chapman et al. 1954) and the prefrontal cortex in aspects of
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autonomic response as well as in emotion regulation and self-control (Beauregard
et al. 2001; Ochsner et al. 2002). There is even evidence at the circuit level implicating
the prefrontal cortex in regulating the amygdala’s participation in emotion processing
(Jackson and Moghaddam 2001) as well as conversely (Garcia et al. 1999). Both struc-
tures are also well known to participate in social behavior. In the case of the prefrontal
cortex, the classical case of Phineas Gage (Damasio et al. 1994) and modern lesion
studies showing the critical role of this region in social decision-making (Damasio
1994) and moral judgment (Koenigs et al. 2007) are clear examples. In the case of the
amygdala, the story is somewhat more subtle; it is clearest for recognizing social cues
such as certain emotions ( Adolphs et al. 1994) or trustworthiness ( Adolphs et al. 1998)
from viewing faces. It is interesting to note that, at least in the case of the amygdala,
the basic mechanisms that seem to explain impaired social perception may not be
specifically social at all but rather reflect more abstract attentional mechanisms. For
instance, the amygdala’s role in recognizing emotional facial expressions appears to
result from its role in assigning saliency to particular features within faces, notably the
eyes (Adolphs et al. 2005), and this attentional role appears to extend to processing un-
predictable and potentially salient stimuli that are not in any way social or emotional,
such as unpredictable sequences of tones (Herry et al. 2007). These findings provide
substantial detail about the mechanisms whereby certain brain structures participate
in social cognition, but they bring us back to some of the questions we raised earlier:
what is left of the domain specificity of social cognition? Is it comprised entirely of
a collection of non-social processing modules? These are important open questions for
the future.
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