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Before Principles of Social Evolution, when social
scientists or economists asked me to recommend a book on
the evolution of cooperation, I never quite knew what to say.
Davies et al.'s An Introduction to Behavioural Ecology
(2011), the stalwart of undergraduate Zoology courses, is an
excellent, example-laden introduction to social evolution and
the wider field, but is too basic for most. Maynard Smith and
Szathmary's The Major Transitions in Evolution (1995)
illustrates the importance of sociality but lacks the conceptual
framework that explains how it evolves. At the other extreme,
Frank's Foundations of Social Evolution (1998) explains the
theory but does not discuss any empirical work. I usually
suggest this trilogy and some more recent review papers (e.g.
Lehmann and Keller, 2006; Sachs, Mueller, Wilcox, & Bull,
2004; West, Griffin, & Gardner, 2007a). Now I will just
direct people to the Principles of Social Evolution. This
highly readable account uses the conceptual framework of
inclusive fitness theory, combined with a wealth of empirical
examples, to illustrate the common principles that underlie
the evolution of sociality at all levels of complexity.

Bourke, an evolutionary biologist from the University of
East Anglia, explains how sociality evolves by introducing
the major transitions view of life. This view sees the repeated
grouping together of biological units to form new higher-level
units as the central theme in history of life. If the selective
conditions are right, these higher-level units can consolidate
such that a new level of individuality emerges. Unlike the
traditional view of the history of life as a grand branching tree
of taxa (with mammals and humans on a branch somewhere
near the top), this view emphasizes the multilayered
complexity of life: genes form genomes, prokaryotic cells
and protobacteria form eukaryote cells, eukaryote cells form
multicelled organisms and multicelled organisms form
eusocial societies or join with other organisms to form
mutualisms. Major transitions occur when the selfish interests
of previously independent entities are controlled so that the
collective interest of the group prevails — in other words,
major transitions are explained by social evolution theory.
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There are three stages in a major transition: social group
formation, social group maintenance and social group
transformation. Social group formation occurs when genes
for social living spread in a population. While the contexts
vary, common themes emerge in the evolutionary paths
members of different taxa take towards sociality. Drawing
from work on bacteria, yeasts, algae, birds, fish, insects and
mammals, Bourke identifies the genetic and ecological
factors that promote or prevent social groups forming.
Environmental factors include environmental variability,
food shortages, habitat saturation and predation. The key
genetic factor, unsurprisingly, is relatedness between group
members. High relatedness most commonly occurs when
offspring do not disperse or when a new group is founded by
a single propagule or parent. However, genetic factors still
matter when social partners are nonrelatives (e.g., partners in
an interspecific mutualism); here, cooperation is favored
when partners share reproductive fates — most commonly
achieved by the vertical transmission of the social interaction
so that partnerships are continued into the next generation.

The second stage, social group maintenance, refers to the
evolutionary processes that maintain the stability and
integrity of a group once formed. Groups are subject to
exploitation, both from within (group members becoming
social cheats) and without (parasites and pathogens). Social
cheats are limited by various mechanisms that often act
together such as negative frequency dependent selection
(i.e., they do less well as they become more common), self-
limitation (when the per capita costs of cheating become
excessive) or by a host of coercion mechanisms that have
evolved to prevent, suppress, police or sanction defection.
Bourke rightly emphasizes that the evolutionary mechanisms
driving the initial spread of cooperation differ from those that
maintain it— for example, high relatedness (so often key for
the initial formation of cooperative groups) is often not
needed to maintain the group's stability — indeed in some
cases, low relatedness may be beneficial.

The final stage in a major transition is social group
transformation. This occurs when a social group becomes so
stable that it may be viewed as an adaptive unit in its own
right. This final stage occurs infrequently and has received
much less empirical and theoretical attention than the first
two stages. Indeed, it is unclear how to best define when this
stage is reached. Formally speaking, a group is an adaptive
unit (i.e., its survival and reproduction may be seen as the
target of natural selection) only when the fitness interests of
its members are perfectly aligned. This only occurs when
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competition within the group is completely repressed or when
the group consists of genetic clones (Gardner and Grafen,
2009). Most people assume that the cells in a multicelled
organism meet this criteria and view whole organisms as the
target of selection, but a closer examination reveals that
conflicts of interest between higher and lower-level units
rumble at all levels of the biological hierarchy (Queller &
Strassman, 2009). Bourke argues that understanding how
social groups consolidate to become individuals is one of the
major outstanding questions for the field.

While permanent cooperation within groups is essential to
achieve biological complexity, Bourke stresses that complex
sociality is neither inevitable nor guaranteed to remain
evolutionarily stable. Typically, natural selection only favors
weakly social groups (as occurs in many vertebrates) or
fleeting cooperation associated with specific behaviors (such
as pollination) — complex sociality therefore is the
exception, not the rule. Furthermore, established cooperative
groups sometimes lose in the ongoing battle with cheats,
pathogens and parasites. If such selfish behavior is not
controlled, it destroys groups. The parallel between the
destruction caused by cancers in multicelled organisms and
rogue reproductive workers in eusocial insect societies is
striking. In both cases, cells and workers cease cooperation
and reproduce rapidly, causing death or serious harm to the
organism or colony. Extreme cases of unchecked defection,
such as the transmissible facial cancers in the Tasmanian
devil, are so catastrophic they could even make the species
go extinct. Cooperation is indeed a fragile thing.

The book uses inclusive fitness theory as a framework to
think about the process of natural selection. An individual's
inclusive fitness (assuming no conflicts persist at lower
levels of selection) is the quantity that natural selection
maximizes (Grafen, 2009). It has two components, a direct
component (the individual's genetic contribution to future
generations from its own offspring) and an indirect
component (the effect the focal individual's actions have
on the genetic contribution to future generations of its social
partners, valued by its genetic relatedness to them). This is a
general description of the action of natural selection which
may be encapsulated using Hamilton's rule.

In the past, and more recently, inclusive fitness theory and
Hamilton's rule have been subject to criticism. Bourke
devotes 15 pages to examine these criticisms and to discuss
the assumptions of inclusive fitness theory. For students
encountering the field for the first time, this primer is worth the
price of the book alone. Much confusion stems from the fact
that (confusingly), apart from being the definition of what
natural selection maximizes, inclusive fitness is also the name
given to a specific modeling technique (multievel selection
and neighbor-modulated fitness are other common ap-
proaches). All techniques assume that natural selection
maximizes the same thing; they just differ in how they carve
up the total effect of selection and what assumptions they use
(for further discussion, see Gardner, West, & Wild, 2011;
Lion, Jansen, &Day, 2011;West, Griffin, &Gardner, 2007b).
Bourke excludes human social behaviors from his discus-
sion.He justifies this by saying that our capacity for culture and
reciprocation sets us apart. Unfortunately, as studies of human
sociality have involved limited interaction with biologists,
misconceptions about the evolution of cooperation in the social
sciences are widespread (West, El Mouden, & Gardner, 2011).
Thus, it would have been beyond the scope of this book to
investigate how the common principles of social evolution that
Bourke discusses apply to humans. Understanding the degree
to which human social behaviors fit within the framework
Bourke sets out remains an important task for the future.

Principles of Social Evolution is set to become a classic
introduction to social evolution theory suitable both for graduate
students and active researchers. To make it more accessible,
I wish that it contained more photographs and figures, and
I would have liked more examples outside the social insects
(in particular, more discussion of the work on cooperatively
breeding vertebrates). This is a minor complaint though; as
Bourke states, at fewer than 300 pages, this book was never
intended to provide a comprehensive review of the field. This
important book achieves it aim; it teaches us that to understand
how social groups are formed and maintained is to understand
something fundamental about the nature of life itself.

Claire El Mouden
Department of Zoology, University of Oxford, Oxford, UK
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