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[Start of Excerpt]


Understanding the relevance of behavioral biology to concrete legal and policy questions requires some facility in evolutionary theory.  What follows provides a non-technical, panoramic survey of the fundamental principles.
A. Preparatory Remarks:  Law and Biology on Causation

Law and biology overlap in their preoccupations with “causation.”  The term has different meanings, however, within each discipline and it is critical to keep these meanings in mind.  While lawyers parse distinctions between proximate causes, remote causes, concurrent causes, contributory causes, intervening causes, and “but for” causes of phenomena, behavioral biologists draw a single but crucial distinction between “proximate” causes and “ultimate” causes.  The seeming familiarity to lawyers of these last two terms is misleading, because they are terms of art—with meanings in biology quite different from any that lawyers might impute to them.


In biology, the term “proximate cause” refers only to the “how” of behavior.  It peacefully coexists with the term “ultimate cause,” which describes the larger “why” of behavior.  More precisely, “proximate causes” describe immediate causes, related to the internal mechanisms and development that cause an organism to manifest a particular behavior.  They may be defined in terms of physiology and biochemistry, for example, as well as, at times, an organism’s unique developmental-environmental history.  “Ultimate causes,” on the other hand, describe evolutionary processes by which the same behavior came to be commonly observable.  These may be defined in terms of the history and reproductive consequences of behavior.  Proximate and ultimate causes operate together, with all behavior depending on ultimately-shaped proximate mechanisms.


To clarify, suppose one were to ask why a male robin sings.  One answer would be:  “Because hormonal changes triggered by the lengthening of successive days cause the robin to force air over appropriately shaped vocal chords.”  But this answer, using terms of proximate causation, leaves many questions unanswered.  It does not explain, for instance, why it came to pass that lengthening days instead of shortening ones spark these hormonal changes instead of others, or why it came to be that these particular hormonal changes cause singing rather than, for example, one-legged hopping.  These questions concern the historical origins of currently manifested gene combinations, and thus require an inquiry into ultimate causation.  The ultimate cause of singing behavior, evolutionary analysis reveals, reflects the fact that the remote ancestors of today’s singing males—through their singing—claimed territory, attracted mates, and left more offspring than did contemporaries not predisposed to sing.  To the extent that the ability to sing and the urge to respond to certain environmental cues with singing were influenced by heritable predispositions, the proportion of male robins in successive generations that sang inevitably increased over time until we now observe the trait to be typical of males of the species.


In the same fashion, many behaviors—including many human behaviors—are most completely understood in terms of proximate and ultimate causes.  That is, when people exhibit law-relevant behaviors, there are often two very different kinds of causes operating simultaneously.  What follows offers a way to understand the inseparability of proximate and ultimate causes, and thereby to better understand the complex process by which law-relevant behaviors emerge.
B. The Evolutionary Perspective:  On the Making of Ancestors

A simple way for lawyers to organize and understand basic concepts of behavioral biology is to put them into the framework of a metaphorical game—a game that all living organisms are forced to play simply by virtue of certain necessary correlates to reproducing in a world of limited resources. This game, like every game, has: 1) a duration; 2) an objective; 3) rules of play; 4) attendant strategies; and 5) inherent opportunities for conflict and cooperation. What follows considers these in sequence.
1. The Duration of the Game:  The Clock of Evolution

Existing evidence indicates that the Earth formed roughly 4.5 billion years ago.  The game of evolution started when life first emerged a little more than half of one billion years later, and will play on so long as any life continues.  Along the way, organismic contestants and the genes they carry typically appear briefly and then disappear into extinction.  Indeed, scientists estimate that 99.9% of all species that have ever lived are now extinct.  (For the carried genes, we’ll call this “losing.”)  In order to understand how humans have fared in this game, it is absolutely essential to understand evolutionary time.  Lacking this, absolutely everything—from the incremental evolution of the eye from light-sensitive cells to the relevance of evolutionary biology for legal enterprises—will seem utterly implausible.  


These are current estimates of the game-time leading to modern humans.  Early organisms were singled-celled and lacked central nuclei for about two billion years.  Between the first microscopic, nucleated organisms and the first known vertebrate fish, more than another billion years elapsed.  The next 100 million years saw the evolution of amphibians, early reptiles, and early land arthropods (like millipedes), while the 100 million years after that brought the early dinosaurs and mammals.  From this point, it still took more than an additional 100 million years before the first tiny primates appeared.


After nearly fifty million years of ensuing early primate history, the ancestors we share with today’s orangutans, gorillas, and chimpanzees branched from the ancestors of what we now call the monkeys.  Thirteen million years later, the ancestors we share with gorillas, chimpanzees, and bonobos then branched from the ancestors of today’s orangutans.  Our own hominid ancestors subsequently diverged from the ancestors of gorillas, chimps, and bonobos about three million years later, with the first Homo (Homo habilis) appearing nearly five million years after that.  Although archaic forms of Homo sapiens emerged after roughly two million years more (and remain the subject of continuing anthropological debate) the so-called modern humans—Homo sapiens sapiens—seem not to have appeared for yet another 200,000 years.  Nevertheless, it was still roughly an additional 70,000 years before our own subspecies of Homo sapiens, which we imagine when we think of ourselves, had apparently displaced our competing subspecies, Homo sapiens neanderthalensis, causing the latter’s extinction. 


Looking back, then, we see the first Homo roughly two million years ago, archaic Homo sapiens 300,000 years ago, our own subspecies of Homo sapiens roughly 100,000 years ago, and post-neanderthal human existence a mere 35,000 years ago.  To put the remaining time in perspective, scholars currently believe that members of our species remained hunter-gatherers until merely 10,000 to 15,000 years ago, at which time they started shifting to an agricultural-pastoral existence, the efficiencies of which provided much of the energy for the explosion in technological development.  Non-pictographic human writing appeared only 5000 years ago, and the celebrated Hammurabi Code, one of the earliest known written legal systems, appeared only about 3700 years ago. 


Put another way, if the history of life on Earth were condensed into a period of seven days, the time elapsed since the year 1 A.D. would constitute barely 1/3 of a second.  We are therefore, in fact, fully thirty-five thousand times as far from our first primate ancestor as we are from year 1 A.D.  And the length of time our primate ancestors were the same creatures that gave rise to the gorillas, chimpanzees, and bonobos (roughly sixty-three million years) is six-hundred-and-thirty times as long as the period during which we have existed as our own, modern species—and more than thirty-one thousand times as long as the time elapsing since year 1 A.D.  As will be seen below, during all this time evolutionary processes sifted the precursors of genetically influenced human behaviors, as our ancestors played the game we continue to play.
Selected Developments in Life History*

	Years Ago
	 Development
	Years Elapsed

	4,500,000,000
	 Earth Forms
	N/A

	3,900,000,000
	 Life Appears
	600,000,000

	1,800,000,000
	 Nucleated Organisms
	2,100,000,000

	460,000,000
	 Vertebrate Fish
	1,340,000,000

	360,000,000
	 Arthropods, Amphibians, Reptiles
	100,000,000

	210,000,000
	 Dinosaurs, Early Mammals
	150,000,000

	70,000,000
	 Early Primates
	140,000,000

	23,000,000
	 Homo Ancestors Branch from Monkeys
	47,000,000

	10,000,000
	 Homo Ancestors Branch from Orangutans
	13,000,000

	7,000,000
	 Homo Ancestors Branch from Gorillas, Chimps, Bonobos
	3,000,000

	2,300,000
	 Earliest Homo
	4,700,000

	300,000
	 Archaic Homo sapiens
	2,000,000

	100,000
	 Skeletally Modern Homo sapiens sapiens
	200,000

	35,000
	 Homo sapiens neanderthalis Extinct; Modern Humans
	65,000

	13,000
	 Human Agriculture
	22,000

	5,000
	 Human Writing
	8,000

	3,700
	 Written Law
	1,300

	2,000
	 Start of Modern Calendar
	1,700


*Dates are quite approximate, and likely to change with new findings

2.
The Objective of the Game:  Persistence of Existence
a. Getting Ahead:  Reproductive Success

The objective of the evolutionary game is to have equal or greater “reproductive success” (“RS”) than other members of one’s species.  Yet because increases in RS tend to yield geometric increases in a species’ population size at the same time that exploitable resources of the world are ultimately finite, the evolutionary game is inherently competitive.


Although reproductive success is the only thing in the end that matters in evolution, that proposition often proves difficult to sell outside biology circles.  Defining “success” in such a seemingly arbitrary and mechanistic way appears to slight other important qualities that might serve as alternative definitions of success—such as extraordinary (but non-reproductive) physical prowess or, in the human context, such things as capacity to love, artistic talent, economic wealth, or political achievement.  Yet while different definitions of success apply in different contexts, one must at least initially focus on reproductive success, as opposed to other perhaps more laudable virtues, whenever seeking to understand why organisms, in any particular slice of time, tend to look and behave as they do.


To see this, imagine time divided into discrete slices, with each slice containing creatures of different shapes, sizes, and behaviors.  Only the characteristics of organisms, not the organisms themselves, can flow smoothly through time; only a few characteristics will reappear in slice after slice, as if in successive frames of a lengthy motion picture.  Attention to reproductive success is important, therefore, whenever we are more interested in characteristics that exist in more than one slice of time than we are in characteristics that may flash in one, momentarily, and disappear.  The characteristics of individuals that are reproductively successful are simply far more likely to appear in any later generation than are characteristics of individuals that were not reproductively successful.  Thus, the word “success,” which at first seems so susceptible of individually-ascribed meaning, is as objectively measurable in the biological context as are the relatively unmalleable concepts of “existence” and “persistence.”
b. Keeping Score:  Inclusive Fitness

Until relatively recently, biologists kept score in the game of evolution by counting the number of an individual’s offspring that survived and reproduced.  But this measure ignored one critical fact:  Offspring are not the only genetic relatives an individual has.  To the extent that other relatives also share genes with an individual, their reproductive success also contributes to the individual’s reproductive success.  Each parent in a sexually reproducing species contributes ½ of the genetic complement of each offspring, so every individual is, on average, equally related (by ½) to its own parents, offspring, and siblings (the latter of which typically receive a different combination of maternal and paternal genes).  An individual is therefore also equally related to the offspring of these three groups (by 1/4, since ½ x ½ = 1/4).  Put another way, since an offspring shares ½ of its genes with each of its parents, an offspring will on average share through each parent 1/4 of its genes with each of that parent’s siblings, 1/8 of its genes with the offspring of its parent’s siblings (its “cousins”), and so forth.  The average fraction of genes shared with a given relative can thus be calculated by the degree of consanguinity.


The important thing to know, from this, is that while offspring were once commonly thought to be the only currency of reproductive success, they are now recognized to be only a subset of the relatives capable of transferring some of an individual’s genetic complement into future populations.  Reproductive success, therefore, cannot be calculated in offspring alone.  Rather, one needs to take stock of the extent to which an individual has increased the reproductive success of its relatives (discounted by their degree of relatedness).  This cumulated, additive, RS calculation is known as “inclusive fitness.”  That term, in turn, captures the idea that for any given individual (all else being equal) each of its reproductive offspring contributes as much, genetically, to that individual’s reproductive success, as:  a) one reproductive sibling or parent; b) two reproductive nieces, nephews, uncles, or grandchildren; c) four reproductive cousins; and so forth.  Thus, as will be explored further below, an organism’s “self-interest” in reproductive success reduces to its promotion of inclusive fitness.
3.  The Ground Rule for the Game:  Natural Selection

Every competitive game has rules that identify what equipment players may wear (their physical traits) and how they may behave (their behavioral traits).  Additionally, there are rules to penalize transgressors.  The closer the competition, the more the cumulative effects of such penalties will divide the winners from the losers.  At first blush, the process known as “natural selection” operates like a rule system.  Whom it mindlessly punishes, and how, eventually divides those who might win the evolutionary game from those who lose.  Natural selection appears simply to punish organisms that fail to reproduce by precluding their genetically influenced traits from being represented in future populations.  But understanding some of the nuances of natural selection is critical to proper evolutionary analysis, and to later appreciating the powerful role it can play when we design systems to pursue the goals of law.


Natural selection, like a giant colander sorting small pebbles from large, sifts the less reproductively successful members of a species from the more reproductively successful.  While this sifting is non-purposeful, in that it is caused by a mindless and often hostile environment, it also is decisively non-random.  The key to understanding the precise nature of this sifting lies in the interrelationship between three features observable in most species:

             Heredity: 
Genetically influenced physical and behavioral traits sometimes pass from parent to offspring (in which case they are called “heritable”).

Variation:  
Individuals of a species may differ in their physical and behavioral traits.

Differential Reproduction:  
Some inherited traits will enable some individuals possessing them to leave more offspring and reproductive relatives than others.

As the following paragraphs will explain in greater detail, “natural selection” is the inevitable result of combining these three fundamental features of life on our planet.


Organisms that are not genetically identical often will differ in their physical and behavioral traits (resulting in within-species “variation”).  Each genetically influenced (and thus “heritable”) trait will prove “adaptive” (that is, advantageous), “maladaptive” (that is, disadvantageous), or “neutral” with respect to its effect on the reproductive success of the organism bearing it.  When an adaptive and heritable trait increases an individual’s reproductive success relative to the reproductive success of the individual’s contemporaries (resulting in “differential reproduction”), then that trait will correspondingly increase in prevalence in successive generations of a population.  Conversely, when a maladaptive and heritable trait decreases the reproductive success of the organism bearing it relative to the reproductive success of the organism’s contemporaries, then that trait, on average, will decrease in prevalence in successive generations.  This phenomenon, which the term “natural selection” captures, therefore can be understood as one of the principal mechanisms governing the relative proportions of the various physical and behavioral traits that are observable in any particular generation of a species.


The most useful technique for grasping the effect this “rule” of natural selection has on the evolutionary game is to posit an ancient population in which variations are introduced, and to estimate how each variation would fare in successive generations.  For example, imagine a herd consisting of 100 individual antelope (fifty female and fifty male) all of which share a species-typical ear shape (as a function, of course, of prior evolutionary processes).  Imagine that in arbitrarily named Generation 1 two heritable mutations (copying errors in the genetic code), each of which affects adult ear shape, appear simultaneously in two infant females.  One mutation results in a slight advantage (over both the second female and all the other females) in, say, that female’s ability to hear predators sneaking up on her.  This gives her a slightly better chance than that of any other female of surviving to reproductive age.  If she successfully reproduces, contributing to Generation 2, roughly 50% of her offspring are likely to share her genetically enhanced hearing and will likewise receive a slight advantage over their contemporaries.


In contrast, imagine that the second female’s mutation results in a slight disadvantage (compared both to the first female and to all other females) in the second female’s ability to hear predators sneaking up on her.  This gives her a slightly worse chance than that of any other female of surviving to reproductive age.  If she does survive and reproduce, contributing to Generation 2, roughly 50% of her offspring will share her poorer hearing, putting them too at a slight disadvantage with respect to survival, and thence to reproduction.


What will the population look like at, say, Generation 1000—merely 998 generations hence?  Separate and simple calculations (demonstrating the power of exponential growth) reveal that even a trait providing its possessor with only a 1% reproductive advantage over its contemporaries can swell from 1% representation in a population to 99% in merely 265 generations.  There will probably, therefore, be more descendants of the first female than of the second female, and perhaps even more descendants of the first female than of any other female from Generation 1 (depending upon the relative contribution to reproductive success of acute hearing compared to that of alternatively arising traits, such as longer necks or superior camouflage).  The first female will have her genes represented in a larger proportion of the later population.  Consequently, we may predict that natural selection, by punishing poorer hearing, would effectively favor the “better-hearing,” more adaptive ear shape and let it spread throughout future populations.


The same analysis obtains for genetically influenced behavioral characteristics.  Every behavioral act has consequences, and natural selection operates inexorably upon genetically influenced consequences, whenever they serve to differentiate individual organisms in ways that affect reproductive success.  This effectively creates evolved psychologies, to the extent that a psychology is a short way of describing species-typical information processing pathways tending to yield some behaviors, in given circumstances, more than others.  For example, observe that individuals tend, even without “learning,” to mate with members of their own species.  Why?  The analytic technique just demonstrated, for estimating how genetic variations would fare in successive generations, makes clear that if a novel gene combination arose in Generation 1, predisposing its bearer to spend precious time and energy pursuing ultimately non-reproductive copulation with members of an unrelated species, that combination is unlikely to be represented in a significant portion of the population in Generation 1000.  The same would be true for thousands of other gene combinations predisposing their bearers to be less interested in mating, less capable of correctly identifying opposite-sex members of their own species, inappropriately calibrated with respect to when they should be hungry, and so on.  This is also true for an extraordinarily diverse set of other behavioral traits that affect reproductive success.


Natural selection is therefore a non-directed yet non-random process of differential reproduction, as a consequence of genetic variation, that tends to make animals of existing species look as if they were designed to survive and reproduce in their ecological niche.  Though its influence surrounds us, we know natural selection only by silhouette, as it incessantly eliminates traits carried by organisms that reproduce less successfully than their contemporaries.  It is important to recognize that, most typically, only those traits helping individuals to improve their reproductive success can proliferate.  Inheritable traits that might help the group or species to survive, at the expense of individual gains to inclusive fitness, would generally diminish toward disappearance.  This means that under most circumstances one can consider natural selection to operate at the level of the individual, and not at the level of the group, as it affects the differential replication of genes.  In other words,  it is unlikely that a trait could ever arise, persist, and spread that benefits the group at the expense of an individual’s own reproductive success.  

4. The Strategies for the Game:  Reproductive Strategies

The rules of a game circumscribe effective strategies for playing.  Consequently, natural selection’s relentless sweeping away of individuals with relatively low reproductive success inevitably exposes, like rocks at low tide, a variety of more successful “reproductive strategies” for generating relatives.  These are simply the different (and typically unconscious) successful physiological and behavioral pathways to becoming an ancestor that natural selection has not swept from existence.  “Strategies” is plural here because, while natural selection favors physical structures and behavioral predispositions that together function successfully to transfer genes to subsequent generations, there are many different successful combinations.  These vary according to the number of offspring one produces, the extent to which each offspring is cared for after birth, whether reproduction is asexual or sexual, and so forth.


This section features two important variables in reproductive strategies—the amount of parental investment and the existence or absence of sexual reproduction.  The latter warrants a brief but separate discussion of special rules applicable to sexually reproducing species.  This is followed by a brief explanation of behavioral predispositions that may vary, sensitive to environmental conditions.
a. Parental Investment

One of the most important variables in any reproductive strategy is parental investment (known as “PI”), which is any investment by the parent in an individual offspring that increases that offspring’s chance of surviving and reproducing at the cost of the parent’s ability to invest in other offspring.  Contrary to intuition, perhaps, simply maximizing the number of offspring born is not necessarily a dominant reproductive strategy.  An offspring contributes to reproductive success only if it reaches adulthood and successfully reproduces (or assists its relatives in doing so).  Because each offspring is a separate investment of finite parental resources (from body, time, and energy), quantity eventually trades against quality.  Increasing the number of offspring eventually requires decreasing parental investment per offspring.  An ocean sunfish, for example, may release as many as 300,000,000 eggs in a single clutch.  It invests nothing in raising the young, however, and therefore only a few survive.  Near the other extreme, the human animal invests extraordinary amounts in every offspring, many of which survive.  But humans must then inevitably produce fewer offspring at a single time.  There are many different, intermediate, equally optimal balances between number of offspring and amount of parental investment, depending on how many offspring are produced, and how much a parent of a given species invests in each.
b. Sexual Reproduction

One way to invest in an offspring is through a long gestation period.  In mammals, the longer the offspring can grow protected inside the parent’s body and still successfully be birthed, the better its chances of surviving vulnerable infancy and reaching reproductive age.  This component of a reproductive strategy, however, does not automatically require a separation of sexes within the species.  Asexual reproduction (such as “budding” or “cloning”) is less costly than sexual reproduction because it enables an organism to reproduce without diverting its time and energy to locating, attracting, and mating with others.  Moreover, an organism reproducing asexually typically transmits twice as many of its genes to each offspring as does a sexually reproducing parent.


Why, then, is sexual reproduction so widespread?  The question warrants some explanation, because the different economic costs imposed by natural selection on aspects of sexual reproduction are responsible for much of the behavior-shaping forces that affect human behavior.  There are many theories to explain the prevalence of sexual reproduction, but the predominant one at present stresses the evolutionary significance of lowly parasites.


Parasites evolved by exploiting the bodies of hosts, the way hosts, in turn, evolved to exploit their own environment.  But because hosts are already engaged in a stiff competition over RS, every parasitic freeloader inevitably weakens them, penalizing them in the competition with any parasite-free contemporaries.  Since natural selection will favor hosts resistant to parasites, as well as parasites that defeat host defenses, the hosts and parasites are in a constant arms race.  Were the game a fair one, an equilibrium standoff might ensue.  But the game is not fair, and parasites have one distinct advantage:  Short generation spans.  Certain species of bacteria, for example, can produce a new generation every twenty minutes in the body of a human, while their human hosts produce a new generation about once every twenty-eight years.  This means that the physical and behavioral traits of parasitic species can evolve faster than those of their host species (because each generation provides a new opportunity for genetic variation) and that they will inevitably outrace the hosts whenever hosts exhibit little genetic variation between successive generations.


In asexual reproduction, offspring are genetically identical to the parent (excluding random mutations).  This leaves asexually reproducing individuals extremely vulnerable to the various weapons that evolve within the tiny organisms who parasitize and exploit them.  Sexual reproduction, on the other hand, reshuffles the host’s genetic deck between each generation.  This has the effect of restarting the arms race every time the parasites get ahead.  Because more than half of all organisms in the world are parasites, and because most non-parasitic organisms are infected with parasites for at least some of their lifetimes, natural selection generally favors sexual reproduction over asexual reproduction (especially in species with long generation spans).
c. Sexual Selection:  A Special Rule for a Special Strategy

The pressure of natural selection yields sexual reproductive strategies, but these in turn create new pressures and rules.  Sexual reproduction requires mating, and mating requires mates.  The competition to attract mates and exclude rivals imposes evolutionary pressures occasionally at odds with those encouraging simple survival.  Darwin himself recognized that natural selection (as he had articulated it) could not alone account for all the characteristics creatures manifest.  Things like elaborate peacock tails, for example, seemed more likely to increase than to reduce vulnerability to predation.  At first glance, this would seem to reduce the reproductive success of peacocks with such tails.


To explain the persistence of such attributes, Darwin proposed the existence of a process now known as “sexual selection” (now generally considered to be a special sub-aspect of natural selection).  Imagine a sexually reproducing species (of mammal, for example) manifesting an evolved reproductive strategy that requires individuals:  a) to reproduce sexually; b) to fertilize internally; and c) to produce live young.  In such a species one sex typically must invest more in the creation of a viable offspring than must the other sex.  In addition to mating time and energy, for example, the male has to invest only sperm.  On the other hand, if copulation yields conception, the female must continue to invest in the organism growing within her, frequently for long periods, and must often assist the vulnerable young (by nursing it, for example) for some significant post-birth period.  Following conception in such a species, the male investment, although useful, is not technically necessary for birth or infant care.


This disparity in minimum investment between males and females in such a species produces a disparity in potential cost-benefit payoffs for every act of copulation.  From a single act of copulation, a male may gain an offspring that carries his genes into future generations.  While the female may gain a similar benefit from the same act, unlike the male she must first grow within her, and often rear, that offspring.  Because she must nourish the growing embryo with the fruits of her body, the maximum number of offspring a female can grow and raise in a lifetime is comparatively limited.  She is bound by the limits of her own body.  The maximum number of young a male could father, on the other hand, is limited only by the number of females he can inseminate.  The theoretical maximum number of children a male human could father, for example, could number in the thousands.  The theoretical maximum number of children a female human could mother, on the other hand, even assuming frequent triplets, likely hovers near one hundred—with a practical limit probably in the vicinity of thirty.


In all species reflecting this disparity in reproductive maxima, females are generally the limiting resource for maximum male reproduction.  These two critical features of sexual selection typically emerge:  greater male-male than female-female competition for mates, and greater female than male choice (on average over a population) regarding who one’s mate will be.  Some features and behaviors that might produce no immediate advantage for survival, food-acquisition, or offspring-rearing, therefore, can still be favored by sexual selection over time because they provide advantages over members of the same sex in the competition for access to, and choice by, members of the other sex.  Sexual selection is therefore the result of a non-random association between a given characteristic and a component of mating success, such as excluding rivals (with big antlers) or attracting mates (with colorful tail feathers).
d. Condition-Dependent Strategies

Because circumstances vary significantly, an ability to shift among a variety of potential behaviors in response to endlessly shifting environmental conditions often proves adaptive.  For example, genetically influenced behavioral algorithms rendering an organism’s aggressiveness particularly sensitive to the relative value of the territory it defends (say in food quality and abundance), and to the relative size of any challenger for that territory, tend to increase in frequency over successive generations compared to similar algorithms that cause fleeing or fighting behavior insensitive to the value of the territory.  Many creatures therefore exhibit relatively simple condition-sensitive or “conditional” strategies that are continuously honed by natural selection to reflect the increasingly familiar logic of game theory.  Additionally, in species with advanced cognitive capacities, behavioral plasticity is further increased by an ability to analyze a very large number of variables, to assess probable outcomes as a consequence of given behaviors, and to choose among them.  The existence of such an ability does not necessarily eclipse the influence of condition-dependent predispositions, but it does often diminish their influence.
5. The Strategies in Tension:  On Conflict, Cooperation, and Deception

Thus far, it should be clear that persistent patterns in physical and behavioral traits of living things vary as a function of reproductive success, as measured by inclusive fitness.  Reproductive success is then, in turn, mediated by the force of natural selection, the pressure of which yields reproductive strategies.  Some of these strategies are sexual (resulting in sexual selection), and all involve delicate tradeoffs regarding the amount and kind of parental investment.  The important point is that these tradeoffs introduce varying degrees of intra-species conflict and cooperation into the evolutionary game, the varieties and combinations of which describe much of the vast diversity of animal behavior.
a. Conflict

Related but non-identical individuals can have overlapping but non-identical reproductive interests.  In sexually reproducing species, consequently, we might divide common forms of conflict into four categories:  1) intra-sexual conflict; 2) inter-sexual conflict (including parent-parent conflict); 3) sibling-sibling conflict; and 4) parent-offspring conflict.


Intra-sexual conflict is that over access to mates or other resources, as discussed above in the context of sexual selection.  Where females are the limiting reproductive resource, male-male physical contests are the norm.  Inter-sexual conflict results from differences between the sexes in their lifetime reproductive potential and minimum necessary investments in offspring (mentioned earlier) as well as in their certainty of relatedness to putative offspring.  In internally fertilizing species, for example, a female is always related to the offspring of her own body, regardless of which male sired them.  In contrast, paternity certainty is a special problem for males in species characterized by paternal assistance in offspring rearing, because a male may or may not be related to the infants he helps to raise.  There are therefore dramatically different consequences to the individual reproductive success of males and females when they themselves or their mates engage in extra-pair copulations that result in conception, and natural selection must then exert different selective pressures on heritable predispositions in male and female mating behavior.  For example, male mate-guarding during periods of female fertility is adaptive where paternity is uncertain, particularly when guarding varies in direct proportion to that uncertainty.  Conversely, a female predisposition to solicit specific extra-pair copulations will be adaptive if on average it results in the conception of higher quality offspring than would be the offspring of the male partner that may in fact help to raise those offspring.


Sibling-sibling conflict is expected to be less intense than average conflict among non-relatives, but more intense than conflict among clones.  For while each sibling is related to the other by roughly 50% (and therefore can further its own self-interest through the other’s survival and reproductive success), each is nevertheless 100% related to itself.  In the end, each receives twice the benefit by thriving at the cost of the other as it would by sacrificing itself to the other’s benefit.  Put another way, each sibling can be expected, for example, to value the parental investment it receives twice as highly as parental investment its sibling receives—and to treat its parents and siblings accordingly.


Parent-offspring conflict might be viewed, in part, as simply an epiphenomenon of competition between the siblings for a disproportionate share of parental investment.  But in fact, genetic asymmetries between parent and offspring have their own, more directly powerful effects.  Again, each is 50% related to the other but 100% related to itself.  Thus, the incessant pressure from natural selection for each to optimize transmission of genes to subsequent generations yields overlapping but also conflicting interests in such things as the optimal length of the period of parental investment and in the optimal total amount of parental investment.  Offspring will typically seek more resources from parents capable of future reproduction than those parents will have been selected to provide, particularly as the offspring matures from necessary dependence to possible independence.  Moreover, the relentlessly economizing process of natural selection yields the somewhat counter-intuitive proposition that parental investment is (from a genetic perspective) efficiently redirected away from one offspring whenever there is a probable increase in eventual parental reproductive success by doing so.  Natural selection has therefore favored heritable predispositions to allocate investment among offspring commensurate with generally accurate indicators of that offspring’s likely contribution to parental RS.  The result is the widespread animal phenomenon of “discriminative parental solicitude” (or DPS), which may yield additional conflict.  As a consequence of DPS, for example, animal parents can increase their reproductive success by allocating more resources to a more promising offspring at the expense of another, or indeed by abandoning offspring that are sickly, weak, or deformed and investing elsewhere the resources thereby released (such as in future offspring).
b. Cooperation

Even individuals in conflict, of course, often will have overlapping interests that can generate cooperation.  In the biological context, cooperation involves acts that appear “altruistic” (at least at first glance).  Altruistic acts appear in two basic contexts:  1) those directed toward kin; and 2) those directed toward non-kin.  The evolutionary origins of both can be explained by the logic of reproductive success, because such acts are widespread throughout the animal kingdom.  But because the beneficiaries of both tend to differ precisely along the line of genetic relatedness, the two contexts require two different evolutionary explanations.


The evolution of altruism toward kin is more intuitively obvious, because improving the prospects of kin can contribute to reproductive success.  Examples include providing resources to offspring (as already discussed), sharing resources with other relatives, and giving alarm calls to relatives about approaching predators.  A kin selection model predicts that in each case natural selection will have favored those who provide relatives with such benefits in greater abundance, or more frequently, than non-relatives.  The evidence bears this out rather strikingly, as parents often aggressively exclude non-relatives from receiving their parental investment (witness the persecution of an orphaned seal pup lost among unrelated mothers) and, even in such highly social colonizing species as ground squirrels, the propensity to provide alarm calls is powerfully linked to the density of relatives in the immediate vicinity.  Those species that manifest cooperation typically exhibit well-developed mechanisms for identifying close relatives.


The more difficult question is why individuals would ever favor non-relatives with resources, as they often do.  Two models help explain this.  The more intuitively obvious one is known as mutualism.  It simply describes, through now-familiar game theoretic terms, how cooperation with others can yield average reproductive success payoffs to each cooperator that exceed those achievable by each without cooperation.  For there are many times when even unrelated individuals may achieve more together than either could in isolation.  The other model is known as reciprocal altruism, and it applies in contexts in which there is a deferred reproductive gain for the helper, providing a net reproductive gain to the helper over not helping in the first instance.  In such circumstances, genetically-influenced altruistic behavior toward unrelated individuals can still be sufficiently adaptive to increase in frequency in successive populations.
c. Deception and Self-Deception

Competition can make deception adaptive.  Within prey species, for example, natural selection favors such deceptive traits as camouflage (to avoid detection by predators) and mimicry (to take free-riding advantage of adaptive features in other species).  However, the pervasive conflicts of interest within species, as well as the particular fragility of cooperative relations between genetically unrelated individuals, also provide opportunities favoring heritable abilities to deceive.  The ability to elicit altruistically cooperative acts from others without reciprocating, for example, makes Gullible’s loss Deceiver’s gain.  And gains that translate into increased relative reproductive success tend to be adaptive.  Unsurprisingly, then, animal communication systems hardly perform as unsullied vehicles for transmission of truth.


Yet the very adaptiveness of deception creates countervailing pressures favoring the ability to detect deception—and to discriminate carefully among potential recipients of cooperative acts.  A coevolutionary struggle often follows, “with more skillful deception being matched by greater powers of detecting deception.”  This arms race does two things.  First, it favors advanced intellectual capabilities:  to evaluate an actual return on altruistic investment (thereby detecting bad bargains); to identify individuals as individuals; to associate individuals with good or bad past bargains; to avoid future interactions with bad-bargain individuals (or “cheaters”); and to detect physiological and behavioral cues of would-be deceivers.  Second, it eventually favors self-deception in deceivers, rendering a deceptive intent unconscious to the practitioner, thereby eliminating the physiological and behavioral cues, such as nervousness and other subtle signs of stress, that might give the deception away.


Because the adaptiveness of deception increases with increased social interaction, the ability of any one individual to engage in deception, counter-deception, and self-deception under varying conditions makes these behaviors particularly prominent among highly social species.  For example, many species with advanced cooperative mechanisms—such as chimpanzees—manifest deception, counter-deception, and a deeply emotional moralistic aggression.  The institutionalized ostracism of habitual cheaters may indeed evidence the biological underpinnings of proto-legal systems.
6. Homo sapiens sapiens

The question, of course, is whether this historical influence of evolutionary processes on human ancestors continues to affect modern human behavior in significant ways.  The overwhelming probability is that it does.  First, because evolutionary pressures have long shaped the behavior of human ancestors, one should start from a presumption (allowably rebuttable) that they still do.  This is consistent with the allocation in other areas of science of burdens of persuasion, by use of presumptions, reflecting the logical—though of course not infallible—power of parsimony.  The opposite presumption would necessarily be ahistorical, reasoning backwards from unconnected and narrowly contemporary conjecture.


Second, although individual humans can inject highly abstract analysis into their behavior-governing processes, we continue to observe humans engaging in specific and non-random patterns of behavior (in, for example, sexual jealousies, mate-guarding, violent confrontation, status-seeking, and offspring-obsessions) that are entirely consistent with patterns observable in many other species that do not share our capacity for abstract analysis.


Third, no one has yet presented argument or evidence sufficient to overcome the presumption.  We have encountered nothing at all troubling in the fit between theory and data to supply the kind of Kuhnian crisis necessary to require a conclusion that modern human behavior is not influenced by natural selection.  It would be thoroughly illogical to presume, for example, that what we call human “mind” is incompatible with the existence of important, evolutionary influences on human behavior.  Similarly, it would be wrong to presume either that there cannot be both proximate and ultimate causes of human behavior or that the existence of maladaptive human behaviors somehow disproves evolutionary influences on behavioral predispositions.  Individuals of all species are more or less living fossils—bearing the imprint not of the current environment, but rather of the environment (technically the “environment of evolutionary adaptation” or EEA) in which currently manifested, heritable traits evolved—having proved adaptive over time.  “Increasing fitness” is not in itself a conscious, psychological goal.  Rather, psychological processes, reflected in emotions and information-processing patterns, evolved as means to the end of fitness in the social and material environments of evolutionary adaptation.  Some of these remain adaptive when social and material conditions change, and some do not.


Fourth, a prevalent competing hypothesis, that all relevant human behavior is socially constructed, exhibits several glaring weaknesses.  It is environmentally deterministic, for example, and is therefore as incoherent as would be a genetically deterministic theory.  That hypothesis also requires a theory (to date unarticulated and suspiciously bootstrapping) that could explain the process by which a species could evolve beyond the influence of the processes that shaped it.  That, in turn, requires that one posit the improbable—a precise moment in history at which time either:  a) a living organism forever nullified the effects of its own genotype; or b) an organism with evolved behavioral predispositions had an offspring without behavioral predispositions.


Consequently, and with knowledge of evolutionary processes, one may expect that humans would behave in many ways that they do even without their higher reasoning capabilities.  One may expect, for example, that humans on average will devote extraordinary energy to sex and child-rearing activities, will allocate attentions differently to kin and non-kin, will exhibit sex differences in behavior, will exhibit aggression in non-random patterns, will have psychological/emotional reactions that would have furthered reproductive success during an environment of evolutionary adaptation, will cooperate and defect from cooperation in patterns consistent with game-theory, and so on.  And in fact, results of numerous experiments and studies in human psychology precisely track the predictions of evolutionary biology.
C. Closing Remarks:  Some Points to Take Away

The relevance for lawyers of any given detail from the foregoing will vary according to the legal subdiscipline in which evolutionary analysis is invoked.  For example, evolutionary influences on patterns of aggression will be more relevant to the criminal law, while influences on general patterns of sexuality will be more relevant to family law.  But acquiring a general understanding of the processes of evolution, and of their inherently economic pressures upon heritable characteristics of living organisms, provides a necessary foundation for understanding the many causes, both proximate and ultimate, of human behavior.


For legal thinkers, the general evolutionary approach to understanding human psychology and behavior means several things.  First, it is pointless to think in terms of “nature versus nurture.”  Asking whether a particular behavior is the product of nature (genetic influences) or of nurture (environmental influences) is like asking whether the area of a field is determined by its length or by its width.  It is necessarily a product of both.  Neither nature nor nurture has any meaning, for any organism, except in concert with the other.  Consequently, behavior, including human behavior, simultaneously can have—and usually does have—both proximate (immediate) and ultimate (evolutionary) causes.


Second, combinations of genes may “predispose” without rigidly “determining.”  It is precisely because evolutionary processes favored behavioral plasticity that (with the exception of reflexes and the like) genes do not determine our behavior as if we were “hard-wired” inevitably to respond to a certain stimulus with a single, corresponding act.  Instead, gene combinations can provide behavioral propensities that simply affect the probability that an organism bearing them will behave in some way.  Stated differently:  Evolutionary processes leave all organisms with many predispositions to respond to environmental stimuli in various fashions—but how strongly the predispositions affect behavior can vary quite widely among species, individuals, and circumstances.


Third, some behavioral predispositions, including some human ones, are inherited according to definite rules.  Because resources are finite at the same time that populations can grow exponentially, the relative proportions within a population of alternative inheritable predispositions are inevitably governed by a process of natural selection.  That process tends to favor over time those among contemporaneously existing predispositions that more efficiently translate resources into reproduction.  That is, when different inheritable predispositions unequally influence the reproductive success of the organisms bearing them (including the reproduction of genetic relatives), those predispositions tending to increase it by the greatest amount will tend to appear in increasing proportions of successive populations.  Over many generations, alternative predispositions will tend to dwindle and disappear.


Fourth, the economic nature of such competition tends to yield heritable predispositions toward condition-dependent patterns of cooperation and conflict, as well as toward condition-dependent deception, self-deception, and counter-deception.  At any given time, most organisms within a species   will share certain evolved psychological mechanisms (with predictable variations as a function of such things as age and sex) that will predispose it toward behaviors that were, on average, adaptive for similarly situated organisms during the environment of evolutionary adaptation.

[End of Excerpt]
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