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Summary 

Models of reproductive skew have provided useful conceptual frameworks for 

analyzing social conflict and cooperation in groups of reproductively-totipotent 

individuals, in that they specify explicitly how aspects of ecology and genetic 

relatedness can generate within-group variation in behavior and reproduction.  

The main outcome of many years of development and application of these 

models, however, is a growing consensus that transactional models apply to few if 

any real situations, and that the models cannot be critically evaluated because 

assembling sufficient quantitative information to allow critical tests of their 

assumptions and predictions is not feasible.  The ‘top-down’ approach of skew 

modeling, which makes strong yet unsubstantiated assumptions to extract 

explanations from data, can be contrasted with a ‘bottom-up’ approach, which 

involves inference of convergences in sets of diverse social, demographic and life-

history traits across highly-diverse taxa, and analyses of fine-scale divergences in 

small sets of traits between conspecific populations and closely-related species. 

The bottom-up approach explicitly recognizes that each population and taxon 

exhibits a constellation of more or less similar evolutionarily inter-related traits, 

especially those that affect (1) the ecological circumstances that underly benefits 

of dividing labor, (2) the opportunities, costs and benefits of using force (taking 

control of behavior away), coercion (cost imposition or repression), or persuasion 

(providing benefits) to modify the expression of conflicts of interest, and (3) the 

life-history tradeoffs and feedbacks that coevolve with social adaptations.  I 
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illustrate this approach with examples of social convergences among insects, 

birds, mammals, and humans that yield insights into selective pressures, and 

present a model based on such convergences for the role of cooperative breeding 

in the origin and expansion of modern humans. Finally, I argue that analyses 

based on wide-scale convergence and fine-scale divergence will ultimately 

demonstrate the degree to which social animals and social systems fall into a 

relatively-small set of more or less discrete categories with regard to how ecology, 

relatedness, behavior and reproduction are inter-related - categories that can 

usefully be subjected to the development of robust, predictive, category-specific 

models that seek to explain variation in skew.  
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A professor must have a theory as a dog must have fleas. 

H. L. Mencken 

 
1. Introduction 
 

Grand unified theories are a mainstay of hope for scientific progress.  Such 

theories integrate, subsume or sometimes vitiate previous ideas, and provide 

explicit, elegant and powerful predictive frameworks, as relativity and quantum 

mechanics have demonstrated in physics.  In biology, our theories are more 

circumscribed, contingent, and specific, with the only true universalities being 

natural selection itself, and maximization of inclusive fitness.  But beyond these 

fundamental processes, we are drawn to develop and apply theory that is as 

simple, general and as predictive as possible within any given domain, from, for 

example, sex ratios, to mating systems, and ecological constraints.  

  More-general models are more useful in having wider taxonomic scope, and 

simpler models can be better in being more intuitive and explicable with regard to 

causes and effects; by contrast, more specific and realistic models are more 

directly useful for explaining and predicting in any given application, and more 

precise models are amenable to more-rigorous tests.  However, there are strong 

tradeoffs between model characteristics that prevent any given model from 

optimizing across all criteria: for example, more-general models will tend to be 

less realistic and less precise (Levins 1966; Matthewson and Weisberg 2008).  
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  Perhaps most importantly in biology, models that make stronger 

assumptions can allow us to simplify a problem and make stronger predictions, 

thus potentially extracting more information from data.  For example, maximum 

parsimony methods assume that phylogenetic change is rare and they thus allow 

the inference of unique historical sequences – which are, or course, wrong to the 

extent that change is not rare.  Statistical tests based on parsimony may also be 

relatively powerful compared, for instance, to likelihood-based tests, but they are 

also more likely to suffer type 1 error.    

 Reproductive skew theory is simple, general, and apparently powerful.  

Social interactions involving conflict and cooperation among totipotent individuals 

are stripped by theory to bare bones: relatedness, ecological benefits, dominance, 

and reproduction, and small sets of assumptions can yield wide ranges of 

predictions.  Skew-model reasoning has been with us for about 30 years, and 

models more or less specific to given situations and taxa have proliferated for 

about 15 years.  Where and how has this approach been useful, and what are the 

alternatives for addressing the same questions? 

 I will evaluate the usefulness of skew models not just in terms of fitting 

predictions to data, but more generally in the context of how we think about social 

cooperation and conflict, and how we then study it.  In this chapter I first consider 

the complexity of our problem and the dimensionality of the questions that are 

being addressed, and how suites of social and life-history traits evolve.  “Skew”, or 

variation in reproduction within groups, is only one trait, and only one way of 
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characterizing social systems (Crespi and Yanega 1995; Sherman et al. 1995; 

Crespi, 2005). How can we maximize the conceptual power of this term? How 

useful is a skew perspective and focus, compared to other viewpoints?  

 Second, I suggest that we divide and conquer the analytic complexities of 

social cooperation and conflict from the animals up.  I thus contrast the top-down 

modeling framework of skew theory with bottom-up, comparative approaches that 

are designed to ultimately build robust foundations for integrative and predictive 

social theory.  This book provides a wealth of examples that help to illustrate the 

convergences among taxa that yield strong insights into selective pressures and 

trajectories, and components for future models.  I will focus in particular on the 

coevolution of human life-history and reproduction, as exemplified in components 

of the chapters by Jones (this volume) and Johnstone and Cant (this volume).  I 

also attempt to draw some general inferences regarding what I see as a core 

question in social evolution: specification of what factors determine how different 

forms of conflict are resolved, or remain ongoing.    

 

2. A complex problem   

For every complex problem there is an answer that is clear, simple, and wrong. 

H. L. Mencken 

 

Models per se cannot be wrong, being ‘if-then’ statements set in the rigorous 

language of mathematics.  But the ‘if’’ components can be wrong in being 
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inapplicable or inaccurate for particular situations, and the ‘then’ components can 

be problematic to evaluate if the predictions are not sufficiently precise and 

specific to the model under evaluation, compared to alternatives that are more or 

less specified.  Strong-inference tests (Taborsky, this volume) require risky 

falsifiability, which can seldom be achieved in evolution and ecology without 

comprehensive knowledge concerning a large number of variables, many of which 

are challenging to measure (McGrath and Heinsohn 2000). 

 One example of limitations on the specificity of predictions is provided by 

Koenig et al. (this volume), who demonstrate positive correlations of skew with 

relatedness, ecological constraints, and grouping benefits among species and 

populations of birds.  Such patterns are generally consistent with detailed 

predictions of skew models involving concessions, but they are also generally 

consistent with simple predictions from inclusive fitness theory alone (such that 

individuals are unlikely to give up reproduction to non-relatives) and ecological 

constraints theory (see also Clutton-Brock 2006).  As Koenig et al. (this volume) 

describe, a key component of the models is which behaviors, such as 

concessions, transactions, coercion, and direct aggression, actually modulate the 

reproductive success of group members.  Does any dominant animal willingly give 

up reproduction to another one, in direct return for help?  Or do relatedness, 

ecological benefits of group-living and cooperation, and variation among 

populations and species in opportunity or ability to coerce or force other 

individuals to cooperate ultimately drive the patterns that are observed?  Whatever 
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the ultimate explanation, the results are encouraging because they show clear 

signals of convergence between diverse avian taxa (in sets of covarying traits), 

and divergence among populations, that are generally consistent with inclusive 

fitness theory and ecological constraints theory.       

 Skew theory developed from the trinity of perceived explanations for social 

cooperation that dominated this field in the 1970s and 1980s: mutualism (Lin and 

Michener 1972), parental manipulation (Alexander 1974), and genetic relatedness 

(Hamilton 1964).  These have each come to be seen not as alternatives, but as  

key factors that must be integrated, in the context of social and sexual conflicts 

within cooperative systems or societies (Trivers 1972, 1974; Trivers and Hare 

1976; Haig and Graham 1991), and in the context of specific mechanisms 

whereby cooperation evolves without being eroded by cheating and conflicts 

(Lehmann and Keller 2006; Bergmüller et al. 2007; West et al. 2007)  

 The degree to which conflicts are resolved or ongoing, and the preconditions 

and selective forces underlying resolution or overtness of conflict, have become 

central issues with regard to the development of models and the analysis of 

behavior (Ratnieks et al. 2006) – to such an extent that they may underly the 

categorization of social systems and their coevolved patterns of behavior and 

reproduction.  But our understanding of the nature and functions of apparent 

conflict is rudimentary at best – for example, Hart and Ratnieks (2005) points out 

that aggression, a core behavior in social groups, may represent:  
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(1) physical domination, that directly suppresses the reproduction of subordinates 

and pre-empts effective challenges, 

(2) a response by a dominant individual, to more or less obvious testing of the 

dominant by one or more subordinates,  

(3) a signal of vigor and vitality of the dominant, indicating that resistance is 

physically futile or, I might add, 

(4) a signal of health and reproductive ability, in the context of remaining an 

efficient egg-layer who provides sufficient inclusive fitness returns to subordinates 

that they are not selected to challenge. 

  

Most generally, where the interests of individuals conflict, we expect selection for 

one party to win, with the outcome of such selection mediated by relative power 

and resource-holding potential (Parker 1974; Beekman et al. 2003), leverage 

(Lewis 2002) and other asymmetries, inclusive fitness benefits, costs of 

competition, pleiotropic effects (Foster et al. 2004), and other factors, most notably 

the alternative options of individuals who lose.   Taken together, these factors 

should determine whether conflict is ongoing and overt or resolved.  Under 

potential or ongoing conflict, one individual can influence another in three ways 

(Brown et al. 1997):  

 

(1) taking control of their behavior away (‘force’, such as killing, eviction, egg-

eating, infanticide, or direct physical alterations),  
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(2) imposing costs to alter their behavior (‘coercion’, such as punishment, threats 

of punishment, or aggression via queen policing)(Clutton-Brock and Parker 1995; 

Crespi & Ragsdale 2001; Ratnieks and Wenseleers 2008), or  

(3) providing benefits to alter their behavior (‘persuasion’, such as reproductive 

concessions, reciprocally-altruistic behavior, or other forms of mutualistic benefit) 

e. g., Bergmüller et al. 2007; West et al. 2007).  

 

The degree to which force, coercion or persuasion mechanisms operate depends 

upon the phenotypes, life-histories, and other idiosyncracies of the species under 

consideration, but selection should, all else equal, favor force or threat of force, as 

it is most effective in generating control, and most efficient in mimimizing costs to 

self or benefits to others.  Force or threat of force may be found most commonly in 

strongly-asymmetric interactions, such as between parents and offspring or 

between individuals who are otherwise old vs young, and its effectiveness should 

notably favor the evolution of self-suppression of reproduction, and helping, as in 

marmosets (Abbott et al. this volume) and workers in eusocial forms. Symmetric 

interactions may more commonly involve coercive interactions, with asymmetries 

in fighting ability (‘resource-holding potential’) and the relative value of winning vs 

losing being the prime determinants of outcome, as in classical models of animal 

contests (Parker 1974) but with inclusive fitness considerations across colony or 

group duration as key additional factors.  Ratnieks and Wenseleer (2008) describe 

how some forms of collective force or coercion, such as worker policing, may also 
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be more powerful than kin selection in driving the evolution of altruistic self-

sacrifice in social insects. Finally, the degree to which imposition or provision of 

costs vs benefits results in a more or less stable or cooperative group must be 

some function of the ecological costs and benefits of group-living, cooperation, 

and division of labor into reproductives vs helpers.  For some taxa, such as 

bumblebees and vespine wasps, stability and mechanisms of control shift during a 

season, such that as the colony’s end nears, workers depose the queen or 

engage in anarchic reproduction (e. g., Bourke 1994); these species may provide 

insights into the apparent evolutionary shift from physical domination by the queen 

in small-colony eusocial species, to apparent chemical-signalling of queen vigor in 

large-colony forms (Alexander et al. 1991; Keller and Nonacs 1993; Bourke 1994).  

 To the extent that opportunity and ability of dominants to repress the 

reproduction of other individuals, via aggression or any other means, varies 

idiosyncratically among social groups involving relatives (especially where options 

such as leaving are severely circumscribed), skew becomes more or less 

inaccurately predictable from any model that does not include accurate and 

specific assumptions.  Relative fighting ability, which mediates skew in tug-of-war 

models (Nonacs 2007), is only one factor that modulate the degree of attempted 

and successful repression observed in any given case; Crespi and Ragsdale 

(2000) describe a skew-based model predicated on various forms of cost that 

dominants impose on subordinates, to manipulate the costs and benefits of the 

subordinate’s options in their favor.  Opportunities for such coercion, and its 
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inclusive fitness benefits, should vary widely between taxonomic groups that differ 

in their habitats, life histories, and phenotypic asymmetries among individuals, 

which may yield comparative associations that are broadly consistent with 

inclusive fitness theory and ecological constraints theory, but not consistent with 

an model that does not take account of the specific factors affecting how conflicts 

are pre-empted, resolved, or ongoing. 

 Patterns of conflict and resolution are also situated in the larger context of 

such key factors as life-history tradeoffs, inheritance, incest avoidance, lifespans, 

and effects of group size (Koenig and Dickinson 2004), any of which may critically 

affect trajectories of social evolution.  Considering all of these issues together, we 

presumably need a family or hierarchy of models that make different assumptions 

regarding control of behavior and reproduction, conflicts, and other key variables 

for any given taxon or group.  At one extreme, we have models that are so general 

that their predictions are nearly untestable because too much is assumed or 

neglected; several authors have recently put optimal skew models in this category 

(Magrath and Heinsohn 2000; Kokko 2003; Nonacs 2007; Hodge this volume).  At 

the other extreme we have detailed models tailored to specific species or sets of 

very similar taxa (e. g., Stephens et al. 2005), which are more testable but yield 

few insights into the social world at large.  Where, in between, is an optimum for 

progress in using models to understand social cooperation? 

 Models of optimal skew are based on two of the three possible mechanisms 

above: reproductive concessions, a form of persuasion, or on mutual attempted 
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coercion, via impositions of costs in tugs of war.  To the extent that factors other 

than contest ability determine variation in reproduction, and where leaving the 

group or independent reproduction represent poor options due to extremely low 

success (e. g., Clouse 2001), skew is mediated by factors that are not currently 

encompassed in an optimal skew framework, but may, in theory, be predictable 

from knowing mechanisms of control, relatedness, and ecological costs and 

benefits, in the larger context of life-history 

 

3. Taxonomic divide and conquer: ecology, phenotypes, life-histories, and 

tradeoffs 

 

Models represent a ‘top-down’ approach, whereby pre-existing hypotheses are 

formalized.  Such hypotheses, of course, are originally developed from 

comparative observations of nature that yield apparent convergences, whereby  

similarities across diverse, independent lineages yield evidence of adaptation.   

Convergences are ‘bottom-up’, from taxa to hypothesis, and models and novel 

data should undergo cycles of reciprocal, illuminating interaction, as clearly 

illustrated by progress in the study of cooperatively-breeding birds and mammals 

(Koenig and Dickinson 2004; Clutton-Brock 2006). 

 Skew models have motivated the collection of particular forms of data, 

designed to assess their predictions.  Other forms of data, and other questions 

have, as a result, been neglected to some degree. In this section I discuss the use 
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of comparative and phylogenetic methods in developing and testing ideas salient 

to explaining variation among populations and species in social behavior, social 

system, and skew.  My main goals are to discover which variables, currently 

missing from skew models and approaches, would be most useful to further 

incorporate, to assess how to infer more-accurate assumptions regarding control 

of behavior, and to develop novel perspectives on evaluating the roles of ecology, 

relatedness, and control in social evolution.   

   

(a) Convergence and divergence 

 

Analyses of convergence appear to be ingrained in the human pattern-

recognizing, rationalizing psyche: we observe a wide variety of taxa, note that 

some appear quite similar for some traits even though they are taxonomically far 

removed, and devise hypotheses to explain why.   Formal, statistical, comparative 

tests of social evolution have been surprisingly rare, but the ones that exist have 

been disproportionately important and influential (Faulkes et al. 1997; Arnold and 

Owens 1998) in that they serve to isolate a small number of specific selective 

factors that apply across entire large clades.  

 More usually, informal tests involve comparisons of taxa that are so far 

removed as to make the application of independent-contrasts impossible, such as 

between mole rats and ants (Hart and Ratnieks 2005), birds and wasps 

(Brockmann 1997), or aphids, thrips, termites and shrimp (Crespi 2007).  Such 
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analyses are predicated on the wild improbability of sets of social variables 

covarying in exactly the same way in independently-evolved groups that differ 

profoundly in other aspects of their evolutionary histories; for example, red-

cockaded woodpeckers, and Austroplatypus beetles, both uniquely burrow into 

living trees to create a costly, extremely-valuable breeding habitat, and both 

represent the apparent sole example of high-skew societies in their respective 

clades (Kent & Simpson 1992; Ligon and Burt 2004).  Similarly, male parental 

care, and joint female nesting or oviposition, appear to have evolved convergently 

in joint-nesting birds and some arthropods (Tallamy 2001; Vehrencamp and Quinn 

2004). 

 Data compiled by Koenig et al. (this volume, Table 3), in conjunction with 

recent work by Fanelli et al. (2008) allow such an analysis for skew theory models.  

Fanelli et al. (2008) noted that in three studies of primitively-eusocial wasps, 

aggression from subordinates is negatively correlated with reproductive skew, 

such that high levels of aggression are associated with low skew, and the reverse.  

For the species they studied, Fanelli et al. (2008) also showed that neither a tug of 

war nor a concession model could explain the observed patterns of association 

among sets of variables.  Data from Koenig et al. (this volume, Table 3) similarly 

shows that lower skew is apparently associated with overt competition: among 

species of cooperatively-breeding birds: 4 (57%) of 7 species without obvious 

competition exhibit moderate or high skew, compared to only 1 (14%) of 7 species 

with obvious competition that did so (p = 0.09 by Fisher’s exact test, two-tailed).  
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This comparison is only suggestive, but it does imply that coercion and aggression 

may unidirectionally influence levels of skew, across diverse taxa, in ways that are 

not encompassed by existing models (Fenelli et al. 2008).  Indeed, to the extent 

that the nature of the mechanisms and selective pressures mediating control over 

reproduction determine levels of skew, current skew models are assuming what 

should instead be considered as a key outcome of any analyses, as also 

discussed by Hodge (this volume). 

 Comparative analyses based on statistical of broadly-inferential methods 

provide broad-scale results, usually for effects of one or two variables of interest.  

Such studies are therefore severely limited in that social traits are embedded in 

complex causal networks involving effects on sociality from competitors, 

predators, parasites and other ecological factors, all interacting with mating 

systems, life-history traits, and tradeoffs (Crespi 2007) – in such networks, the pull 

of selection on any single trait ramifies throughout the entire evolving system, with 

diverse effects.  There are two main ways to deal analytically with such 

multidimensional variation within species.  

 First, among-population studies within species, as compiled for birds by 

Koenig et al. (this volume), allow inference of which sets of social and other traits 

covary between populations, and whether the inferred causes of among-

population social differences are the same or similar between different species.  

Such studies benefit greatly from the fact that much variation is ‘held equal’ within 

species, or among very closely-related species (e. g., Doerr and Doerr 2006), 
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although the directionality of coincident changes can be difficult or impossible to 

infer.  Directionality can, however, be inferred from a second method, whereby a 

considerable number of traits is mapped onto a species-level phylogeny, to 

analyze sequences of fine-scale divergent changes in social characters and their 

putative causes and consequences.  This ‘divergence’ approach is illustrated by 

Chapman et al.’s (2008) analysis of social evolution in Australian gall thrips, where 

a species-level phylogeny, coupled with data on skew, demography, behavior, and 

ecology for social and related species, allowed inference of gall size and efficacy 

of defensive behavior as key determinants of the degree to which soldiers 

reproduce, in a system without overt dominance.  More generally, fine-scale 

analyses of transitions between social systems allow inference of which transitions 

are actually observed, compared to which are theoretically possible, and inference 

of how specific traits, such as monogamy or particular values of relatedness, may  

potentiate transitions between systems, such as high relatedness at the inferred 

origin of soldiers in Acacia gall thrips (Chapman et al. 2000), or ecological shifts at 

the origins or losses of cooperative breeding in birds (Ligon and Burt 2004).  Such 

changes provide information about which variables may be necessary vs sufficient 

for certain changes, such as high ecological constraints being necessary but not 

necessarily variable between related species with and without cooperative 

breeding (Doerr et al. 2007).  Among arthropods, transitions can be inferred from 

taxonomic and phylogenetic data for shifts between maternal care and communal 

care, between maternal care and cooperative breeding (groups with totipotent 
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helpers and breeders), and, unidirectionally, from cooperative breeding to 

eusociality – with no transitions inferred at all between communal breeders 

(groups where all individuals help and attempt to breed) and cooperative breeding 

(Crespi 1996, 2007).  To the extent that this pattern also appears to apply in 

groups of vertebrates, such as clades of birds with cooperative (singular) breeding 

vs plural breeding (Ligon & Burt 2004; Vehrencamp and Quinn 2004), societies 

with low skew may be fundamentally different from those with moderate or high 

skew, presumably due to differences in the selective pressures related to the 

establishment or costs and benefits of dominance.  This idea can be evaluated 

further by the eventual expansion of Tables 3 and 4 of Koenig et al. (this volume), 

and via fine-scale phylogenetic studies of specific vertebrate groups.   

 The four main methodological scales for the analysis of skew and social 

evolution are organized in Table 1.  The complementarity of their strengths and 

weaknesses should help to motivate studies of the same taxa at multiple scales, 

for the same questions.  As regards analyzing causes of skew, within-species 

studies will clearly be most effective at isolating the selective pressures and other 

factors underlying dominance and control of reproduction via persuasion, 

coercion, or force where interests conflict, but among-species studies will be 

required to evaluate the generality of predictions based on any given conception 

of who controls reproduction, how, and to what extent.  This methodological 

exercise also underscores the tension between analyses of social systems based 

on the static, stable states predicted by models, and analyses of the dynamics of 
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change between systems such as cooperative breeding and eusociality, or large-

colony forms and small-colony forms (Bourke 1999, 2007; Crespi 2004; Dickinson 

& Hatchwell 2004), which may involve self-reinforcing, positive feedbacks.  Might 

such dynamics also mediate major transitions within social systems, such as 

between alternative-state high and low skew societies in cooperative breeders, 

where reproduction is controlled by different means?  More generally, the 

evolution of new mechanisms for repression of competition between otherwise-

cooperative entities, such as fair meiosis, queen or worker policing, or coercively-

imposed monogamy in humans, represents a primary cause for the evolution of 

cooperation, on par with relatedness as a proximate cause of cooperation across 

all major groups of organisms (Frank 2003).   

    

(b) Life-histories and tradeoffs 

 

Analyses of divergence and convergence, designed to ultimately yield results that 

underpin the next generation of models, require as their most basic step the 

selection of variables to measure, beyond the most obvious ones such as 

relatedness, size, dominance, aggression, and individual reproductive success.   

One fundamental suite of variables, that has been considered in some models of 

social evolution but has yet to be comprehensively considered, is life-history traits, 

and most importantly the tradeoffs that they may entail.  Social behavior, like all 

behavior, evolves embedded in the context of life history, with schedules of 
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reproduction, mortality, and, here, helping, driving variation in reproductive 

success subject to the tradeoffs that vary among taxonomic groups.    

 A central role for tradeoffs between helping and mortality, and consequent 

effects on opportunities for inheritance and long tenure as a reproductive, may, for 

example, help to explain some broad patterns in the social evolution of three main 

groups of animals, as illustrated in Figure 1.  In each of these groups, life histories  

and social behavior evolve in the context of basic necessary resources – the nest, 

territory, hive, burrow, or gall that serves as a nursery and nexus for cooperative 

resource exploitation (Alexander et al. 1991).  For factory fortress species, such 

as some thrips, aphids, termites, and shrimp, the basic necessary resource is 

quite special in providing combined, defensible food, shelter and nursery for a 

lifetime or more.  Here, we observe high skew, and variation in skew among 

species with reproductive totipotency, but there is also a general lack of apparent 

dominance and aggression over reproduction, perhaps due in part to the high 

relatedness and common monogamy imposed by claustral habitats, coupled with 

extreme ecological benefits of cooperation in such a special habitat, and low or 

weak tradeoffs between helping and current or future reproduction.  The 

distinction between cooperative breeders and eusocial forms may thus be 

mediated extrinsically, by life-history, especially by habitat duration in relation to 

individual lifespan.  Cooperation in ‘factory fortress’ species is notable in that it 

appears to be highly predictable from a small set of necessary and sufficient 

ecological and phenotypic conditions (Crespi 1994; Queller and Strassmann 



 21 

1998), perhaps because conflicts are reduced when relatedness and ecological 

benefits of cooperation are sufficiently high. 

 In Hymenoptera and other social animals that forage outside of a nest, skew 

evolves in the context of strong tradeoffs between helping and survival, which may 

drive transitions from cooperative breeding to eusociality if colonies are large and 

live sufficiently longer than do individuals (Alexander et al. 1991).  By contrast, in 

small-colony forms with reproductive totipotency among some set of individuals, 

the evolution of competition among potential reproductives may be mediated by 

life-historical considerations such as chances for inheritance (Ragsdale 1999), 

which are some function of colony lifespan in relation to individual lifespan given 

options of helping or ‘waiting’ (e. g., Tsuji and Tsuji 2005), and the individual and 

colony-level costs of supercedure, which decline towards the end of the season as 

colonies of some bumblebee and vespine species descend into selfish and 

matricidal semi-chaos (Crespi 1992; Bourke 1994).  Here, monopolization of 

reproduction, and prediction of skew, can apparently become strong functions of 

life-history coupled with relatedness. 

 Birds and mammals differ from arthropods for a suite of phenotypic and 

ecological traits salient to the evolution of cooperative breeding, most notably long 

lifespans, large size relative to the scale of the habitat, high costs of reproduction 

for females, inability to greatly improve or expand nest sites to enhance the 

benefits of dividing labor, and the lack of structures such as the sting that can 

favor heroic, high-benefit nepotism (Alexander et al. 1991).  Aside from these 
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differences, vertebrate cooperative breeders encompass a huge ecological and 

behavioral range, for which unitary explanations of skew and cooperation are 

unrealistic – like invertebrates, their causal linkages between ecological, 

behavioral and reproductive variation presumably fall into some set of selective 

clusters that are more or less discrete.  At the largest comparative scale, however, 

vertebrates are apparently subject to relatively weak tradeoffs between helping 

and reproducing – indeed, in some species, and perhaps especially in males 

(Cockburn 1998) helping can increase personal reproduction over the long term.  

Inheritance of reproductive and dominance status is likely a much stronger 

selective force in vertebrates – as for the small-colony invertebrates that most 

resemble them (e. g., Sumner et al. 2002; Tsuji and Tsuji 2005), and mutualistic 

benefits of larger group size itself, in the contexts of territoriality defense and 

predation risk, are also of comparatively strong import in birds and mammals 

(Clutton-Brock 2002, 2006).  All of these factors, and reduced benefits from the 

division of reproductive labor, should tend to work against strong tradeoffs 

between helping and reproduction, and favor retention of totipotency and lower 

skew than in invertebrates (Alexander et al. 1991).  By contrast, in vertebrates, 

tradeoffs of maintenance with reproduction, and current with future reproduction, 

may remain strong in cooperatively-breeding forms, whereas in many 

invertebrates these tradeoffs are reduced in strength either by the special nature 

of the habitat, or the benefits of dividing labor.  Transitions between social 

systems may commonly involve major shifts in the shapes of life-history trade-off 
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curves, such as stronger tradeoffs between work and survival or reproduction in 

incipient hymenopteran workers, weaker tradeoffs between reproduction and 

survival in incipient queens, and, at least potentially, lower costs of reproduction in 

female reproductives under avian or mammalian cooperative breeding. 

 Consideration of the three main modes of cooperatively-breeding animals, in 

the context of explaining skew from phenotypes, ecology and behavior, suggest 

that a key factor missing from most skew models in particular, most models of 

communal breeding, cooperative breeding and eusociality in general, and most 

comparative analyses of social evolution, is the structure of life-history tradeoffs.  

These structures may be especially-useful in that they integrate myriad ecological 

and demographic selective pressures, and coevolve closely with the costs and 

benefits that ensue from helping vs. reproducing.  The presence, strengths and 

forms of such tradeoffs, in the context of colony and individual lifespans, have 

been considered before by some authors (e. g., Queller 1994a, 1996; Hardling 

and Kokko 2003; Tsuji and Tsuji 2005; Young et al. 2005; Field and Cant 2007), 

but families of models that comprehensively join life-history considerations with 

social-evolution theory are in their infancy (e. g., Bourke 2007). 

    

4. Cooperative breeding in the origin and evolution of modern humans 

 

Unusual taxa can provide unusual and powerful comparative insights, as seen, for 

example, by analyses of naked mole rats from the perspective of insect sociality 
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(Sherman et al. 1991).  Hypotheses for the selective pressures that drove the 

evolution of perhaps the most unusual vertebrate of all, modern humans, have 

focussed predominantly on genes, brains, and tools and ratcheting cultural 

change (e. g., Kaplan and Robson 2002; Wolpert 2003; Bradley 2008).  Such 

scenarios have largely neglected some key aspects of evolutionary ecology, 

notably breeding systems and life history, that affect the demographic bases of the 

large-scale population expansions that were more or less coincident with the 

evolution of modern human behavior (Mellars 2006; Templeton 2007).       

 Humans can be considered as cooperative breeders, albeit strange ones 

(Foster and Ratnieks 2005).  We share a set of basic traits with some other 

primates (e. g., Sellen 2007), such as extensive parental care, as well as 

alloparental help from other individuals, mainly female kin, but we are also more or 

less unique for a small set of characteristics: (1) the presence of menopause, 

grandmothering, and a long lifespan, (2) high costs of infant production and 

feeding, due largely to the extreme fatness of human babies and their big brains, 

(3), despite such costs, the ‘stacking’ of children, such that a given reproductive 

female and her helpers care for multiple highly-dependent young via short inter-

birth intervals compared to other apes, (4) a long duration of childhood, with 

alloparental care also provided by older, less-dependent, pre-reproductive 

offspring, mainly females (Kuzawa 1998; Kaplan 2000; Hawkes 2003; Gurven and 

Walker 2006; Sellen 2007; Quinlan and Quinlan 2008; Robson and Wood 2008).  

How might these traits be related, in the context of selective pressures mediating 
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the evolution of cooperative breeding?  What insights might humans provide into 

cooperative breeding and reproductive skew more generally? 

 Summers (2005) comprehensively applied reproductive skew theory and its 

components to the evolution of despotism vs egalitarianism in the mating systems 

of human males, over three main historical periods: (1) largely egalitarian hunter-

gathering, (2) the rise of resource-concentrating agriculture, despotic dominance 

hierarchies, and higher skew, to (3) modern societies where reproductive options 

are partially curtailed by the socially-imposed repression of law.  His analysis 

shows that historically, high male skew is broadly associated with coercion via 

punishment in conjunction with the ability of some males, with their kin and 

subordinate allies, to control the most basic of necessary resources, food 

supplies, labor, and coercive physical power, and thus gain cultural and social 

dominance.  By contrast, in modern societies with socially-imposed, albeit serial, 

monogamy, male skew may be determined more by persuasion of females with 

the benefits of material reproductive resources, as control of behavior has 

generally shifted towards female interests. 

 The evolution of skew and life history in human females appears to be an 

older story than for males, and a more important one for major transitions in 

human evolution (Figure 2).  The simplest concatenation of the four traits listed 

above has selection for large brains at the fulcrum, and selection for life-history 

and behavioral mechanisms that concentrate female reproduction into an almost 

insectan queenlike specialized period of about 20 years between a long childhood 
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and grand-maternal nepotism (Pavard et al. 2007), with clear physical signals of 

endocrine-mediated reproductive potential for individual females (Jasienka et al. 

2004).  Cant & Johnstone (2008) and Johnstone and Cant (this volume) provide 

evidence from theory, primatology, and anthropology that the evolution of 

menopausal ‘self-suppression’ of reproduction was mediated by a combination of 

life-history tradeoffs increasing in strength with age (Hawkes 2003; Shanley et al. 

2007) in combination with conflicts of interest between young immigrant females 

and older-generation resident females that are resolved in the young female’s 

interests, due to her insensitivity to the costs imposed on the older female by her 

breeding, and her relatively-high reproductive value.   

 An additional key conflict of interest, not considered in the Cant and 

Johnstone (2008) model, arises between a mother and her son upon the death of 

a mother’s mate (Figure 3), which is likely to occur when a female nears the 

critical age for a decision to either allocate alloparental care to a son’s children, or 

have additional children of her own.  The son would benefit greatly, in terms of 

family resources such as food and labor, expectations for inheritance, and higher 

relatedness to beneficiaries, by alloparental care from the mother, but the mother 

may commonly benefit from reproduction with a new mate.  Emlen (1995) 

describes the common presence of severe conflict in this situation among non-

human vertebrates, and in humans, the strength and resolution of conflicts is likely 

to depend upon a variety of cultural and demographic factors, including the 

strength of life-history tradeoffs involving help, survival, and current vs. future 
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reproduction.  When the original father is still alive, such intra-family discord would 

be expected to be even more complex though perhaps less dramatic, including a 

range of predictable conflicts between the father, mother, son and his wife over 

reproduction by the parental vs. filial generations, and over the relative extents of 

alloparental and parental care engaged in by all parties.      

 Under a model considering effects of alloparental care in the evolution of 

modern humans, long childhoods may be beneficial both to offspring themselves, 

in terms of cognitive preparation for the social complexities of adulthood (e. g., 

Flinn and Ward 2005; Flinn et al. 2007) and physiological preparation for the rigors 

of breeding in females (Ellison 2003), and to mothers, via help that they receive 

from older children. Mothers are expected to be in a strong position to coerce help 

via manipulation of daughters (Alexander 1974), with mother-daughter conflict in 

this context increasing as the daughter matures.   

 Regardless of the details of the mechanisms underlying human life-history 

shifts, the outcome of reproductive stacking of costly offspring by mothers, 

potentiated by combined help from husbands, daughters, and grandmothers (Sear 

and Maceb 2008) was apparently a demographic breakthrough, raising the human 

intrinsic rate of increase far beyond that of even much smaller-brained large 

primates.  The rest, as they say, may have been history – due in large part to the 

evolution of confluences of interest among different parties in the successful 

reproduction of the 20-40 year-old queenlike females in their family group, and a 

generally-egalitarian solution to the social conflicts underlying skew.   Low skew in 
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human females, despite the clear potential benefits of helping, was likely also 

driven by the high energetic costs of human reproduction (such that females 

benefit relatively more from the reproduction of relatives)(Cant and Johnstone 

1999), group augmentation effects (Kokko et al. 2001)(whereby extended family 

groups benefit from larger size, at least to some degree; Quinlan and Flinn, 2005), 

and the separation of the timing of periods for helping and breeding, across the life 

history.  As in birds (Cockburn 1998), female humans may, under this view, help 

more for inclusive fitness benefits of producing young, while males help more in 

the context of maximizing personal reproduction, under more or less strong 

tradeoffs between parental effort and mating effort (Strassmann 1981); this 

hypothesis is also consistent with evidence for a lack of benefits to grand-children 

due to the local presence of grandfathers (Lahdenpera et al. 2007).  

 Are humans uniquely unique (Alexander 1990) as regards the evolution of 

their cooperative breeding system? Apparently not, in at least two regards.  First, 

by the ‘supersaturation’ model for population–level effects of the evolution of kin-

based cooperative polygamy in birds (Dickinson & Hatchwell 2004), an increase in 

helping should lead to higher group productivity, increased carrying capacity, 

larger intrinsic rate of increase, larger benefits of inheritance and coalition-forming, 

and stronger within-group and between-group competition; in turn, such strong 

competition may lead to strong group-level selection processes (Wright 2007) and 

nested hierarchies of social organization, as found, for example, in bell miners 

(Dickinson and Hatchwell 2004) as well as humans. These considerations suggest 
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that cooperative breeding and stacking of offspring in humans represent a key 

innovation that, coevolving with large brains, high parental investment and strong 

between-group competition, generated a positive-feedback loop driving human 

population increases as well as cognitive capacities (Crespi 2004; Flinn et al. 

2005).  Once established, such a process involves a strong component of 

selection among groups, which in turn selects for within-group cooperation and 

against within-group competition (Lahti and Weinstein 2005).   In humans, as in 

some carnivore and insectivore cooperative breeders (e. g., Courchamp et al. 

1999), it is the social group itself, and not just the territory or habitat, that 

represents the most basic core resource mediating survival and reproduction.  But 

most importantly, in these groups humans can cooperate to compete, such that 

population expansions encompass not just the colonization of initially human-

vacant territory, but also forms of warfare at ever-increasing scales of organization 

(Alexander 1989, 1990). 

 Second, the only other primates with a clearcut alloparental breeding 

system, callitrichids (marmosets and tamarins), show a number of notable 

convergences with humans, such as relatively high costs of child-rearing (due 

here to obligate twinning), the relatively-common presence of infanticide by 

mothers of their own infants under conditions when little alloparental help is 

available (Hrdy 1999, p. 180), and ‘honest’ physiological self-suppression of 

females that help (Abbott et al. this volume).  Marmosets are also known as rare 

primate examples of potentially fast-breeding ‘colonizer’ species – suggesting that, 
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as in humans, helping has evolved in the context of strong demographic benefits 

to the family and social group.  Did humans colonize the globe due to a 

combination of ecological dominance with the demographic feedbacks that follow 

from enhanced cooperative breeding? 

 An important difference between marmosets and humans, of course, is that 

marmoset helpers tend to be young (older siblings of the helped offspring) yet 

potentially reproductive.  By contrast, evidence of menopause in other animals is 

restricted to a few long-lived taxa, such as some whales with matrilineal kin 

groups (Foote 2008); here, the selective pressures involved have yet to be 

analyzed in enough detail for strong comparative inferences to be drawn, but 

benefits from accumulated knowledge and information – neural capital, in addition 

to more-direct reproductive benefits, may, as in humans (Kaplan 2000; Gurven et 

al. 2006), also underlie selection for post-reproductive life.  

 How can this scenario for the role of cooperative breeding in the evolution of 

modern humans be evaluated?  Data from molecular phylogenetics and fossils 

dates the large-scale expansion of modern humans out of Africa to about 60,000-

50,000 years ago (Mellars 2006; Fagundes et al. 2007), which is tens of 

thousands of years after the origin of anatomical modernity but generally 

coincident with paleontological evidence for a major shift about 50,000 years ago 

towards a higher proportion of older individuals among human fossils (Caspari and 

Lee 2004).  Mellars (2006) associates the population expansion with roughly 

concomitant improvements in tool technology, and with evidence for symbolic 
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thought as exemplified by bodily adornments.  Certainly a better, more-reliable 

food supply would have been a prerequisite for producing more babies faster, 

although more alloparental help in provisioning, and the evolution of a life history 

more like the highly-productive, super-organismal social insects, may also have 

provided economic benefits even in the absence of tools that allowed the hunting 

and gathering of substantially more food.  More generally and directly, these ideas 

can be evaluated via comparative studies of traditional human societies, testing 

predictions of theory for the evolution of cooperative breeding that were developed 

for less unusual creatures. 

  

5. Conclusions 

 

The essence of science is that it is always willing to abandon a given idea, 

however fundamental it may seem to be, for a better one. 

H L Mencken  

 

Skew models were one of the most innovative and insightful developments in the  

study of cooperative breeding, in that they explicitly integrated all of the core  

determinants of Hamilton’s inclusive fitness equation in the context of individuals 

forming social group under varying degrees of personal reproduction.  I would 

argue however, as have others (Magrath and Heinsohn 2000; Kokko 2003; 

Nonacs 2006, 2007; Hodge this volume), that their simple assumptions of control 
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are unjustified and their predictions are too general, in most cases, to be of much 

practical use for the planning or interpretation of empirical studies.  The study of 

social evolution is extremely difficult compared to other enterprises in behavior, 

ecology and evolution, in that quantitative understanding requires measuring 

effects of alternative behaviors on lifetime personal and inclusive fitness, in 

networks of multiple - normally more than two – kin and non-kin that differ in age, 

power, and other phenotypic traits.  Students of social cooperation have spawned 

extremely detailed terminology systems to classify behavior (e. g., Bergmüller et 

al. 2007), and constellations of more and less general models (e. g, Nonacs 2007) 

but only for a few species, such as meerkats (e. g., Stephens et al. 2005), have 

long-term field studies accumulated enough information for robust interpretations 

and predictions of social-behavioral interactions in their life-historical contexts.  

These are too few to compare, and we are left with a vast mosaic of partial 

information on hundreds of diverse animal taxa to which we can apply classical 

and statistical comparative methods.  The main problems then become what 

variables to measure, and what specific questions to address, in animals at what 

taxonomic scales for the most effective progress.  

 If the last 15 years of skew models have told us little else of general 

significance, they have made clear that the nature and extent of control over 

reproduction in cooperative social groups must be specified before the selective 

pressures underlying a social system can be well understood.  Such analyses are 

set in the wider framework of how conflicts of varying forms evolve, be they parent 



 33 

vs. offspring, maternal-gene vs paternal gene, male vs. female, queen vs. worker, 

worker vs. worker, breeder vs. breeder, or breeder vs. helper, and these diverse 

forms of conflict should evolve under common general rules (Queller 1994b; Cant 

2006).  The degree to which conflict resolution or persistence is predictable across 

taxa, compared, for example, to the predictability of ecological effects, remains to 

be determined, but repression of competition by force or coercion has proven, 

wide-scale predictive ability (Frank 2003), as does simple dominance based on 

resource-holding potential (Parker 1974).   

 Skew modeling has also made clear the central importance of life history 

and demography in social evolution, which can now be extended to incorporate 

various patterns of life-history tradeoffs that may characterize convergent social 

patterns across broad or narrow taxonomic groups.  Once mechanisms and 

processes of social control are better understood, and the life-historical 

architecture of social-reproductive interactions and systems has been sketched 

out, skew models may again become an approach of choice to structure the 

search for causes of social convergence and divergence.  We can thus seek to 

develop unified theories of social evolution as grand and general as nature 

happens to have made them, yet no more.    

 

 

 

 



 34 

6. Acknowledgements 

 

I am very grateful to Reinmar Hager and Clara Jones for inviting me to write this 

article, to Kyle Summers for helpful comments and insights, and to NSERC for 

financial support. 



 35 

Literature cited 

 

Alexander, R. D. 1974. The evolution of social behavior. Annual Review of 

Ecology and Systematics 5:325-383.  

Alexander, R. 1989. Evolution of the human psyche, Pages 455-513 in P. Mellars, 

and C. Stringer, eds. The human revolution: behavioral and biological 

perspectives on the origins of modern humans. Edinburgh, Edinburgh 

University Press.  

Alexander, R. D. 1990. How did humans evolve? Reflections on the uniquely 

unique species. University of Michigan Museum of Zoology Special Publication 

1:1-38.  

Alexander, R. D., K. Noonan, and B. J. Crespi. 1991. The evolution of eusociality, 

Pages 3-44 in P. W. Sherman, J. Jarvis, and R. D. Alexander, eds. The biology 

of the naked mole rat. Princeton, NJ, Princeton University Press.  

Arnold, K. E., and I. P. F. Owens. 1998. Cooperative breeding in birds: a 

comparative test of the life history hypothesis. Proceedings of The Royal 

Society of London, Series B, Biological Sciences 265:739-745.  

Beekman, M., J. Komdeur, and F. L. W. Ratnieks. 2003. Reproductive conflicts in 

social animals: who has power? Trends in Ecology & Evolution 18:277-282.  

Bergmüller, R., R. A. Johnstone, A. F. Russell, and R. Bshary. 2007. Integrating 

cooperative breeding into theoretical concepts of cooperation. Behavioral 

Processes 76:61-72.  



 36 

Bourke, A. F. G. 1994. Worker matricide in social bees and wasps. Journal of 

Theoretical Biology 167:283-292.  

Bourke, A. F. G. 1999. Colony size, social complexity and reproductive conflict in 

social insects. Journal of Evolutionary Biology 12:245-257.  

Bourke, A. F. G. 2007. Kin selection and the evolutionary theory of aging. Annual 

Review of Ecology, Evolution and Systematics 38:103-128.  

Bradley, B. J. 2008. Reconstructing phylogenies and phenotypes: a molecular 

view of human evolution. Journal of Anatomy 212:337-353.  

 Brockmann, H. J. 1997. Cooperative breeding in wasps and vertebrates: the role 

of ecological constraints, Pages 348-371 in J. Choe and B. Crespi, eds. 

Evolution of social behaviour in insects and arachnids. Ithaca, NY, Cornell 

University Press.  

Brown, W. D., B. J. Crespi, and J. C. Choe. 1997. Sexual conflict and the 

evolution of mating systems, Pages 352-377 in J. Choe and B. Crespi, eds. 

The evolution of mating systems in insects and arachnids. Cambridge, UK, 

Cambridge University Press. 

Cant, M. A. 2006. A tale of two theories: parent-offspring conflict and reproductive 

skew. Animal Behaviour 71:255-263.  

Cant, M. A., and R. A. Johnstone. 1999. Costly young and reproductive skew in 

animal societies. Behavioral Ecology 10:178-184.  



 37 

Cant, M. A., and R. A. Johnstone. 2008. Reproductive conflict and the separation 

of reproductive generations in humans. Proceedings of The National Academy 

of Sciences USA 105:5332-5336.  

Caspari, R., and S. H. Lee. 2004. Free in PMC Older age becomes common late 

in human evolution. Proceedings of the National Academy of Sciences USA 

101:10895-10900.  

Chapman, T., B. J. Crespi, M. Schwarz, and B. Kranz. 2000. High relatedness and 

inbreeding at the origin of eusociality in Australian gall thrips. Proceedings of 

the National Academy of Sciences USA 97:1648-1650.  

Chapman, T. W., and B. J. Crespi. 2008. The evolutionary ecology of eusociality 

in Australian gall thrips: a 'model clades' approach, Pages 57-83 in J. Korb, and 

J. Heinze, eds. Ecology of social evolution. Princeton, NJ, Princeton University 

Press.    

Clouse, R. 2001. Some effects of group size on the output of beginning nests of 

Mischocyttarus mexicanus (Hymenoptera : Vespidae). Florida Entomologist 

84:418-425.  

Clutton-Brock, T. 2002. Breeding together: kin selection and mutualism in 

cooperative vertebrates. Science 296:69-72.  

Clutton-Brock, T. H. 2006. Cooperative breeding in mammals, Pages 173-190 in 

P. M. Kappeler, and C. P. van Schaik, eds. Cooperation in primates and 

humans: mechanisms and evolution. Berlin, Springer-Verlag. 



 38 

Clutton-Brock, T. H., and G. A. Parker. 1995. Punishment in animal societies. 

Nature 373:209-216.  

Cockburn, A. 1998. Evolution of helping behavior in cooperatively breeding birds. 

Annual Review of Ecology and Systematics 29:141-177. 

Courchamp, F., T. Clutton-Brock, and B. Grenfell. 1999. Inverse density 

dependence and the Allee effect. Trends in Ecology & Evolution 14:405-410.  

Crespi, B. J. 1992. Cannibalism and trophic eggs in subsocial and eusocial 

insects, Pages 176-213 in M. Elgar, and B. J. Crespi, eds. Cannibalism: 

ecology and evolution among diverse taxa. Oxford, UK, Oxford University 

Press.   

Crespi, B. J. 1994. Three conditions for the evolution of eusociality: are they 

sufficient? Insectes Sociaux 41:395-400.  

Crespi, B. J. 1996. Comparative analysis of the origins and losses of eusociality: 

causal mosaics and historical uniqueness, Pages 253-287 in E. Martins, ed. 

Phylogenies and the comparative method in animal behavior. Oxford, UK, 

Oxford University Press.  

Crespi B. J. 2004. Vicious circles: positive feedback in major evolutionary and 

ecological transitions. Trends in Ecology & Evolution 19:627-633.  

Crespi, B. J. 2005 Social sophistry: logos and mythos in the forms  

     of cooperation. Annales Zoologici Fennici 42:569-572 

Crespi, B. J. 2007. Comparative evolutionary ecology of social and sexual 

systems: water-breathing insects come of age. Pages 442-460 in E. Duffy, and 



 39 

M. Thiel, eds. Evolutionary Ecology of Crustacea. Oxford, UK, Oxford 

University Press.   

Crespi, B. J., and J. E. Ragsdale. 2000. The evolution of sociality via 

manipulation: why it is better to be feared than loved. Proceedings Royal 

Society of London, B Series, Biological Sciences 267:821-828.  

Crespi, B. J., D. C. Morris, and L. A. Mound. 2004. Evolution of ecological and 

behavioural diversity: Australian Acacia thrips as model organisms. Canberra, 

Australia, Australian Biological Resources Study & CSIRO Entomology.  

Crespi, B. J., and D. Yanega. 1995. The definition of eusociality. Behavioral 

Ecology 6:109-115.  

Dickinson, J. L., and B.J. Hatchwell. 2004. Fitness consequences of helping, 

Pages 48-66 in W. D. Koenig, and J.L. Dickinson, eds. Ecology and evolution 

of cooperative breeding in birds. Cambridge, UK, Cambridge University Press.  

Doerr, E. D., and V. A. J. Doerr. 2006. Comparative demography of treecreepers: 

evaluating hypotheses for the evolution and maintenance of cooperative 

breeding. Animal Behavior 72:147-159.  

Doerr, E. D., V. A. J. Doerr, and R. J. Safran. 2007. Integrating delayed dispersal 

into broader concepts of social group formation. Behavioural 

Processes 76:114-117.     

Ellison, P. T. 2003. Energetics and reproductive effort. American Journal of 

Human Biology 15:342-351.  



 40 

Emlen, S. T. 1995. An evolutionary theory of the family. Proceedings of the 

National Academy of Sciences USA 92:8092-8099. 

Fagundes, N. J., N. Ray, M. Beaumont , S. Neuenschwander , F. M. Salzano, S. 

L. Bonatto, and L. Excoffier. 2007. Statistical evaluation of alternative models of 

human evolution. Proceedings of the National Academy of Sciences USA 

104:17614-17619. 

Fanelli, D., J. J. Boomsma, and S. Turillazzi. 2008. Subordinate wasps are more 

aggressive in colonies with low reproductive skew. Animal Behaviour 75:879-

886.  

Faulkes, C. G., N. C. Bennett, M. W. Bruford, H. P. O’Brien, G. H. Aguilar, and J. 

U. Jarvis. 1997. Ecological constraints drive social evolution in the African 

mole-rats. Proceedings of The Royal Society of London, Series B, Biological 

Sciences 264:1619-1627.  

Field, J., and M. A. Cant. 2007. Direct fitness, reciprocity and helping: A 

perspective from primitively eusocial wasps. Behavioural Processes 76:160-

162. 

Flinn, M. V., D. C. Geary, and C. V. Ward. 2005. Ecological dominance, social 

competition, and coalitionary arms races: Why humans evolved extraordinary 

intelligence. Evolution and Human Behavior 26:10-46.  

Flinn, M. V., and C. V. Ward. 2005. Evolution of the social child, Pages 19-44 in B. 

Ellis, and D. Bjorklund, eds. Origins of the social mind: Evolutionary psychology 

and child development. London, UK, Guilford Press. 



 41 

Flinn, M. V., R. L. Quinlan, C. V. Ward, and M. K. Coe. 2007. Evolution of the 

human family: Cooperative males, long social childhoods, smart mothers, and 

extended kin networks, Pages 16-38 in C. Salmon, and T. Shackelford, eds. 

Family relationships. Oxford, UK, Oxford University Press.  

Foote, A. D. 2008. Mortality rate acceleration and post-reproductive lifespan in 

matrilineal whale species. Biology Letters 4:189-191.  

Foster, K. R., G. Shaulsky, J. E. Strassmann, D. C. Queller, and C. R. Thompson. 

2004. Pleiotropy as a mechanism to stabilize cooperation. Nature 431:693-696.  

Foster, K. R., and F. L. W. Ratnieks. 2005. A new eusocial vertebrate? Trends in 

Ecology and Evolution 20:363-364.  

Frank, S. A. Repression of competition and the evolution of cooperation. Evolution 

57:693-705.  

Gadagkar, R. 1990. Evolution of eusociality: the advantage of assured fitness 

returns. Philosophical Transactions: Biological Sciences 329:17-25.  

Gurven, M., and R. Walker. 2006. Energetic demand of multiple dependents and 

the evolution of slow human growth. Proceedings of The Royal Society, B 

Series, Biological Sciences 273:835-841.  

Gurven, M., H. Kaplan, and M. Gutierrez. 2006. How long does it take to become 

a proficient hunter? Implications for the evolution of extended development and 

long life span. Journal of Human Evolution 51:454-470.  

Haig, D., and C. Graham. 1991. Genomic imprinting and the strange case of the 

insulin-like growth factor-II receptor. Cell 64:1045-1046.  



 42 

Hamilton, W. D. 1964. The genetical evolution of social behavior. Journal of 

Theoretical Biology 7:1-52.  

Hardling, R., and H. Kokko. 2003. Life-history traits as causes or consequences of 

social behaviour: why do cooperative breeders lay small clutches? Evolutionary 

Ecology Research 5:691-700.  

Hart, A.G., and F. L. W. Ratnieks. 2005. Crossing the taxonomic divide: conflict 

and its resolution in societies of totipotent individuals. Journal of Evolutionary 

Biology 13:383-395. 

Hawkes, K. 2003. Grandmothers and the evolution of human longevity. American 

Journal of Human Biology 15:380-400.  

Hrdy, S. 1999. Mother Nature: a history of mothers, infants, and natural selection. 

New York, Pantheon Books. 

Jasienska, G., A. Ziomkiewicz , P. T. Ellison, S. F. Lipson, and I. Thune. 2004. 

Large breasts and narrow waists indicate high reproductive potential in women. 

Proceedings of The Royal Society of London, Series B, Biological Sciences 

271:1213-1217.  

Kaplan, H. 2000. A theory of human life history evolution: Diet, intelligence, and 

longevity. Evolutionary Anthropology 9:156-185.  

Kaplan, H. S., and A. J. Robson. 2002. The emergence of humans: the 

coevolution of intelligence and longevity with intergenerational transfers. 

Proceedings of the National Academy of Sciences USA 99:10221-10226. 



 43 

Keller, L., and P. Nonacs. 1993. The role of queen pheromones in social insects: 

queen control or queen signal? Animal Behaviour, 45:787-794.  

Kent, D. S., and J. A. Simpson. 1992. Eusociality in the beetle Australoplatypus 

incompertus (Coleoptera: Platypodidae). Naturwissenschaften 79:86-87.  

Koenig, W. D., and J. L. Dickinson (eds). 2004. Ecology and evolution of 

cooperative breeding in birds. Cambridge, UK, Cambridge University Press. 

Kokko, H., R. A. Johnstone, and T. H. Clutton-Brock. 2001. The evolution of 

cooperative breeding through group augmentation.  Proceedings of The Royal 

Society of London, Series B, Biological Sciences 268:187-196.  

Kokko, H. 2003. Are reproductive skew models evolutionarily stable? 

Proceedings. Biological Sciences 270:265-270.  

Kuzawa, C. W. 1998. Adipose tissue in human infancy and childhood: an 

evolutionary perspective. American Journal of Physical Anthropology Suppl 

27:177-209.  

Lahdenpera, M., V. Lummaa, S. Helle, M. Tremblay, and A. F. Russell. 2004. 

Fitness benefits of prolonged post-reproductive lifespan in women. Nature 

428:178-181.  

Lahdenpera, M., A. F. Russell, and V. Lummaa. 2007. Selection for long lifespan 

in men: benefits of grandfathering? Proceedings of The Royal Society of 

London, Series B, Biological Sciences 274:2437-2444.  



 44 

Lahti, D. C., and B. S. Weinstein. 2005. The better angels of our nature: group 

stability and the evolution of moral tension. Evolution and Human Behavior 

26:47-63.  

Lehmann, L., and L. Keller. 2006. The evolution of cooperation and altruism – a 

general framework and a classification of models. Journal of Evolutionary 

Biology 19:1365-1376.  

Ligon, J. D., and D.B. Burt. 2004. Evolutionary origins, Pages 5-34 in W.D. 

Koenig, and J.L. Dickinson, eds. Ecology and evolution of cooperative breeding 

in birds. Cambridge, UK, Cambridge University Press. 

Levins, R. 1966. The strategy of model building in population biology, Pages 18-

27 in E. Sober, ed. Conceptual issues in evolutionary biology. Cambridge, MA, 

MIT Press. 

Lewis, R. J. 2002. Beyond dominance: the importance of leverage. The Quarterly 

Review of Biology 77:149-164. 

Ligon, J.D. and D.B. Burt. 2004. 2004. Evolutionary origins, Pages 5-34 in W. D. 

Koenig, and J.L. Dickinson, eds. Ecology and evolution of cooperative breeding 

in birds. Cambridge, UK, Cambridge University Press.  

Lin, N., and C. D. Michener. 1972. Evolution of sociality in insects. Quarterly 

Review of Biology 47:131-159. 

Magrath, R. D., and R. G. Heinsohn. 2000. Reproductive skew in birds: models, 

problems and prospects. Journal of Avian Biology 31:247-258.  



 45 

Mellars, P. 2006. Why did modern human populations disperse from Africa ca. 

60,000 years ago? A new model. Proceedings of the National Academy of 

Sciences USA 103:9381-9386. 

Matthewson, J., and M. Weisbergy. (2008). The structure of tradeoffs in model 

building. Synthese (in press) 

Nonacs, P. 2007. Tug-of-war has no borders: It is the missing model in 

reproductive skew theory. Evolution 61:1244-1250.  

Parker, G. A. 1974. Assessment strategy and the evolution of animal conflicts. 

Journal of Theoretical Biology 47:223-243.  

Pavard, S., D. N. Koons, and E. Heyer. 2007. The influence of maternal care in 

shaping human survival and fertility. Evolution 61:2801-2810.  

Queller, D. C. 1989. The evolution of eusociality - reproductive head starts of 

workers. Proceedings of The National Academy of Sciences USA 86:3224-

3226.  

Queller, D. C. 1994a. Extended parental care and the origin of eusociality. 

Proceedings Royal Society of London, Series B, Biological Sciences 256:105-

111. 

Queller, D. C. 1994b. Male-female conflict and parent-offspring conflict. American 

Naturalist 144:S84-S99.  

Queller, D. C. 1996. The origin and maintenance of eusociality: the advantage of 

extended parental care, Pages 218-234 in S. Turillazzi, and M. J. West-



 46 

Eberhard, eds. Natural history and evolution of paper wasps. Oxford, UK, 

Oxford University Press.  

Queller, D. C., and J. E. Strassmann. 1998. Kin selection and social insects. 

BioScience, 48:165-175. 

Quinlan, R. J., and M. V. Flinn. 2005. Kinship & reproduction in a Caribbean 

community. Human Nature 16:32-57. 

Quinlan, R. J., and M. B. Quinlan. 2008. Human lactation, pair-bonds, and 

alloparents a cross-cultural analysis. Human Nature 19:87-102.  

Ragsdale, J. E. 1999. Reproductive skew theory extended: The effect of resource 

inheritance on social organization. Evolutionary Ecology Research 1:859-874.  

Ratnieks, F. L. W., K. R. Foster, and T. Wenseleers. 2006. Conflict resolution in 

insect societies. Annual Review of Entomology 51:581-608.  

Ratnieks, F. L. W., and T. Wenseleers. 2008. Altruism in insect societies and 

beyond: voluntary or enforced? Trends in Ecology & Evolution 23:45-52. 

Robson, S. L., and B. Wood. 2008. Hominin life history: reconstruction and 

evolution. Journal of Anatomy 212:394-425.  

Sear, R., and R. Maceb. 2008. Who keeps children alive? A review of the effects 

of kin on child survival. Evolution and Human Behavior 29:1-18.   

Sellen, D. W. 2007. Evolution of infant and young child feeding: Implications for 

contemporary public health. Annual Review of Nutrition 27:123-148.  



 47 

Shanley, D. P., R. Sear, R. Mace, and T. B. Kirkwood. 2007. Testing evolutionary 

theories of menopause. Proceedings of The Royal Society, B Series, Biological 

Sciences 274:2943-2949.  

Sherman, P. W., J. U. M. Jarvis, and R. D. Alexander (eds.). 1991. The biology of    

    the naked mole-rat. Princeton, N. J.: Princeton University Press. 

Sherman, P. W., E.A. Lacey, H.K. Reeve, and L. Keller. 1995. The eusociality 

continuum. Behavioral Ecology 6:102–108.  

Stephens, P. A., A. F. Russell, A. J. Young, W. J. Sutherland, and T. H. Clutton-

Brock. 2005. Dispersal, eviction, and conflict in meerkats (Suricata suricatta): 

An evolutionarily stable strategy model. American Naturalist 165:120-135.  

Strassmann, B. I. 1981. Sexual selection, paternal care, and concealed ovulation 

in humans. Ethology And Sociobiology 2:31-40.  

Summers, K. 2005. The evolutionary ecology of despotism. Evolution and Human 

Behavior 26:106-135.    

Sumner, S., M. Casiraghi, W. Foster, and J. Field. 2002. High reproductive skew 

in tropical hover wasps. Proceedings of The Royal Society Of London, Series 

B, Biological Sciences 269:179-186.  

Tallamy, D.W. 2001. Evolution of exclusive paternal care in arthropods. Annual 

Review of Entomology 46:139-165.  

Templeton, A. R. 2007. Genetics and recent human evolution. Evolution: 

International Journal of Organic Evolution 61:1507-1519.  



 48 

Trivers, R. L. 1972. Parental investment and sexual selection, Pages 1871-1971 in 

B. Campbell, ed. Sexual selection and the descent of man. Chicago, IL, Aldine. 

Trivers, R. L. 1974. Parent-offspring conflict. American Zoologist 14, 249-264. 

Trivers, R. L., and R. Hare. 1976. Haplodiploidy and the evolution of the social 

insects. Science 191:250-263.  

Tsuji, K., and N. Tsuji. 2005. Why is dominance hierarchy age-related in social 

insects? The relative longevity hypothesis. Behavioral Ecology and 

Sociobiology 58:517-526. 

Vehrencamp, S. L. and J. S. Quinn. 2004. Avian joint laying systems, Pages 177-

196 in W. D. Koenig, and J.L. Dickinson, eds. Ecology and evolution of 

cooperative breeding in birds. Cambridge, UK, Cambridge University Press.  

West, S. A., A. S. Griffin, and A. Gardner. 2007. Evolutionary explanations for 

cooperation. Current Biology 17:R661-R672. 

Wolpert, L. 2003. Causal belief and the origins of technology. Philosophical 

Transactions, Series A, Mathematical, Physical and Engineering Sciences 

361:1709-1719. 

Wright, J. 2007. Cooperation theory meets cooperative breeding: exposing some 

ugly truths about social prestige, reciprocity and group augmentation. 

Behavioural Processes 76:142-148.  

Young, A. J., A. A. Carlson, and T. Clutton-Brock. 2005. Trade-offs between 

extraterritorial prospecting and helping in a cooperative mammal. Animal 

Behaviour 70: 829-837.  



 49 

 

 

 

 



 50 

Figure 1.  Animals with cooperative breeding or eusociality can be categorized into 
three main modes, that differ in the major selective forces and evolutionary 
responses that underly transitions between social systems.  Birds and mammals 
are highly heterogeneous, but only one evolutionary scenario is provided here, for 
simplicity. 
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Figure 2.  An increase in the prevalence and strength of alloparental care may 
have driven some of the major changes concomitant to the origin of modern 
humans.  One result of this suite of changes has been the concentration of female 
fertility into a relatively short, ‘queenlike’ interval of concentrated reproduction.  
Under this model, population expansion and increased levels of competition and 
cooperation are postulated to coevolve with the entire suite of behavioral and 
demographic traits shown on the right.  This model is consistent with hypotheses 
for selective forces underlying the origin of modern humans developed by 
Alexander (1989), Kaplan (2000), and Flinn et al. (2005), yet it also posits a 
central role for increased alloparental care, under low female reproductive skew, 
allowing female humans to reduce the strength of life-history tradeoffs that 
formerly constrained high reproductive output under conditions of high investment 
in each offspring. 
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Figure 3.   Higher male than female mortality rates, and the tendency for males to 
reproduce with females younger than themselves, create conditions where the 
mate of a female relatively-commonly dies when she has more or less grown 
offspring yet remains capable of further child-bearing. These circumstances are 
expected to generate conflict between the female (in a rectangle) and her son 
(circled) over whether the female either: (a) foregoes personal reproduction and 
engages in alloparental care of the son’s children (dashed line), or (b) pairs with 
another male and produces more of her own children, who will be her son’s 
maternal half sibs.  Resolution or persistence of this conflict should be mediated 
by the ability of each party to persuade, coerce, or force the other, and by the 
forms of the life-history tradeoffs that determine the relative costs and benefits of 
alternative behaviors related to helping, maintenance, and current vs future 
reproduction.  Under scenario (a), older females gain a form of ‘assured fitness 
returns’, as in some eusocial Hymenoptera (Queller 1989; Gadagkar 1990), in that 
high-benefit investment opportunities are available in the absence of personal 
reproduction, and parental investment in relatives will continue after their death. 
To the degree that sons are philopatric (Cant and Johnstone 2008) and can 
commonly ‘win’ in such conflicts, the selective forces represented by this scenario 
should, like relatedness asymmetries under common family resources  (Cant and 
Johnstone 2008, this volume), favor the evolution of menopause and long lifespan 
along the lineage leading to modern humans. 
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