Introduction to Biological Anthropology: Notes 15
The evolution of social behavior: Altruism and kin selection
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— It was not difficult to understand how selectiom edfect mating and parenting behavior, and
behaviors directly related those
— because these behaviors obviously and directlgtafégroductive success

— but primates also interact with each other in mathyer ways that are not directly related to sex
and offspring
— grooming
— alliances in conflicts with others
— warning or defending others from predators
— adults insisting on inspecting others’ infants
— adults caring for others’ infants
- eftc.

— these behaviors do not have an obvious, directexion to reproductive success
— so it would seem that they would be hard to explaievolutionary terms

— human intelligence probably evolved from simplert &till complicated, behaviors like these
— so understanding how these behaviors evolved @atno understanding our own origins

- In fact, evolutionary theorgan help us understand how many of these social betsagould
be favored by natural selection

— First, let's be more specific about what kind didngor we mean
— we can categorize social interactions between ndividuals according to whether they
produce denefit or acost for the reproductive success of each of the twioviduals
involved
— we consider one individual to be the “actor”; thikey is the “recipient” of the behavior
- “selfish” behavior: benefits actor, costs recipiétis neutral)
- “mutualistic” behavior: benefits both actor andipgent (“win-win”)
— “spiteful” behavior: costs both the actor and teeipient
— “altruistic” behavior: costs the actor, but bergfite recipient
- naturally, these terms are just shorthand
- they don't necessarily imply any understandingneot®n on the part of the animals
— as we saw before, it is very difficult to really aseire reproductive success without a
large, expensive, long-term project in which werdahe number of surviving offspring
over several years
— so primatologists usually substitute shorter-teastg or benefits like exposure to
predators or increased access to food
— assuming that these will generally have the expgotsitive or negative effects on
reproductive success, which is what really matters
— Not surprisingly, “selfish” behavior is common iarapetition for food, mates, etc.
- “mutualistic” behavior also occurs, but is hardepbserve than you might think
— two individuals grooming each other at the sametim
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- two individuals hunting together
— Also not surprisingly, “spiteful” behavior is rargince it reduces the reproductive success
the actor

— whatis surprising is that primates engage in a lot afrtastic” behavior
— one individual grooms another
— spends time that it could be using to find foodfewarest, etc.
— while the other benefits from having its fur clednparasites removed, wounds cleaned,
etc.
— an individual gives a warning call when it seesedptor
— calling attention to itself and increasing its radfipredation
— while benefiting the others by improving their chas to escape
— an individual backs up another in a conflict
— an individual shares food with another
— lots of human behavior is altruistic in this teatalisense:
- sharing food
— helping others with their work
— caring for the sick, injured, or old
— doing anything that involves some degree of saerifor the good of another individual or
the group
— it seems obvious that selection would not favaralency to do something that would
reduce the actor's reproductive success and irecegaher's
— say some individuals sacrifice their lives to pobvtathers from predators
— you would think that their “altruistic” genes woulgiickly be eliminated from the
population, as they die off and others, who dattifice themselves, reproduce
— even if a behavior helps the group as a wholepargliselection would not favor it
— say some individuals have an allele that makes threme to give a warning calls when
they see a predator
— it is not unrealistic to suggest that a tendenayive warning calls could be influenced
by one (or several) alleles
— for example, the “warning call” allele might caws&igher production of adrenaline,
making the individuals who have it more jumpy andne to make noises
— and you know that dogs can be bred for traitsii&eking more or less; some breeds are
yappy and others rarely bark
— if one individual gives a warning call, all the etk in the group benefit, regardless of
whether or not they carry the warning-call alleJe(s
— but the one who gives the warning call is morelyite get eaten
— so there is no direct benefit to having the allate] there is a cost
— so selection should weed out the warning-call allel

- but theras a situation in which selection would favor “altic” behavior
— calledkin selection: selection in which a trait becomes more (or lesshmon because it
affects the reproductive successdétives of the actor more than non-relatives
— because the relatives have some of the same alleltbe actor
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- so if a behavior like giving a warning call whepradator is sighted improves the
reproductive success of many of the caller's nedatithe total number of “calling” alleles
that get into the next generation might be higbeen if the caller himself gets eaten

— as we know from Mendelian genetics, an individiiares some of its alleles with its
relatives

- the closer the relative, the more alleles they havw®mmon

— for example, a child shares one half of its allelgh each parent
— one of each pair of alleles came from each pasenbne half of the alleles in the

offspring are from the mother, and one half arenftbe father

— grandparents share one quarter of their allelds gvaindchildren

— siblings (brothers and sisters) also share oneodifeir alleles with each other
— each sibling got half of the mother’s alleles, bat necessarily the same ones

— in fact, for any allele | got from my mother, théseonly a 50% chance that my sister
also got it from my mother
— so | share only 25% of my mother’s alleles with sister
— but each sibling also shares half of the fathdrdes
— so | share 25% of my father’s alleles with myesist
— in total, | share 50% of my alleles with my sister
— and so on...we could figure out the shared allelesfiy relative
- half of an individual’s alleles are passed on aleagh link in the family tree, so each
link separating two individuals in a family treeluees the fraction of shared alleles by
half
— (remembering that full siblings are related by paths of links, because they have
both parents in common)
— the fraction of alleles that two individuals sha¢heir “coefficient of relatedness”

— the higher the coefficient of relatedness, the natiedes in common, and the closer the
relationship

— parent-offspring: 0.5

- sibling-sibling: 0.5

— half-siblings: 0.25

— grandparent-grandchild: 0.25

- sibling's offspring (uncle-nephew, etc.): 0.25

— unrelated: 0.0
— even though unrelated individuals may happen toest@me alleles, this is not by

descent
— on average, any pair of unrelated individuals shageemore alleles than they do with
any other unrelated individuals
— The key to kin selection:

— What affects evolution is how many copies of anviatial's alleles get into the next
generation

— it does not matter if they get into the next getienathrough the individual's own
offspring or through the offspring of relatives
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— the only difference is that relatives have only eashan individual's alleles, so it will take
more of their offspring to get the same numberagfies of the individual's alleles into the
next generation

— Example of kin selection

- Your own offspring carry 50% of your alleles

— Your sibling's offspring carry 25% of your alleles

— So if you do something that increases your sidingproductive success by two offspring,
the effect is exactly the same as if you had oneerabild yourself

— If your action does not reduce your own reproductuccess by one, then the tendency to
do that action will become more common

— as far as evolution is concerned, two childrenafrysibling have as much effect on the
next generation as one child of your own

— the same comparisons can be made with all othatives
- two of your grandchildren carry as many of youel@$ as one of your own children,

and so on
— two nephews are equivalent to one child
— four great-grandchildren are equivalent to onedglatc.
— what we are doing here is correcting an oversingplifon in our model of evolution

— before, we said that natural selection favoredsithiat increased an individual's
reproductive success
— where reproductive success was measured by how afspying that individual

contributed to the next generation

— now, with our knowledge of genetics, we can retese

— New version: Natural selection favors traits tmareasenclusive fitness
— inclusivefitness: the total number of copies of an individual'®kg$ that are passed on

to the next generation
— both directly, through offspring
— and indirectly, through the offspring of relatives
— natural selection does NOT simply favor traits tinaiximize reproductive success
— instead, natural selection favors traits that iaseanclusive fitness
— so0 now, say a bunch of baboon siblings are ougfinga and one sees leopard

— the one who sees the leopard gives a warning call

— the caller incurs a cost, since it has drawn tbhpded's attention and is slightly more likely
to get eaten

— but the siblings get the benefit of being warnefbtgethey saw the leopard, helping them
escape and reducing the chance of the leoparagettise enough to kill several of them.

— half of the siblings have the alleles that encoemiging warning calls, just because they
are siblings of the caller

— if the total benefit to the siblings is large enbuij can outweigh the cost to the caller
— the net effect is that more of the calling alledes into the next generation through the

siblings than were lost by the possible demisdefdaller
— that is, by considering inclusive fitness, we $e# selection can actually favor traits
that are fatal!
— we can specify this precisely using Hamilton's rule
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— which simply says that an “altruistic” behavior Mok favored by selection if the cost is
less than the total benefit discounted by the coefft of relatedness
-rb>c
— where r = average coefficient of relatedness betveetor and recipients
— b = total benefit to all recipients (number of pifisig gained as a result)
— ¢ = cost to the actor (humber of offspring losaassult)
- take the case of you and your sister (r = 0.5)
— you save her from drowning, but as a result, yeufisim pneumonia
- you would have had one more child
— she goes on to have three more children
— 0.5 relatedness x 3 children gained > 1 child lost
— the alleles that lead you to be altruistic towarolsr sister are increased in frequency in
the next generation
— take the case of your dumb neighbor
- he saves the unrelated girl down the block frorwahing, but he dies of pneumonia
— he would have had one more child; she goes onve tiaee children
— 0.0 relatedness x 3 children is NOT > 1 child
- the alleles that lead him to be altruistic towanda-kin arereduced in frequency in the
next generation
— that is, altruistic behavior is only favored whéebenefits sufficiently close kin
— but that will often be true for social animals liggmates
— because primate females usually stay in the groey dre born into
— so most of the members of the group are relatives
- related females
— their offspring, which are also obviously related
— and some males, many of whom are related to sortteaiffspring
— so any altruistic act is automatically likely tdfheome relatives
— just because most of the individuals nearby arellystelatives
— The closer the relative, the more costly the attdtaiism that may be favored
— because the more alleles the relative shares gtadtor
— so our feelings of closeness to siblings, for edampay have a biological basis
— there are clear evolutionary reasons for our vghiess to help a sibling more than a
random person on the street
— nepotism (favoring relatives in business, politets, ) is not just corruption; it probably
has deep evolutionary roots

— of course, Hamilton's rule also shows when altrurgthnot be favored
— even between the closest relatives (sibling-siblpagent-offspring, r=0.5), the benefit to the
recipient has to be at ledsiice the cost to the actor
— so consider what happens when siblings competetlyiras for food, attention from the
mother, etc.
— what one sibling would personally gain by anotHeugstically giving way is about the
same as what the altruist would give up
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- yet its offspring only carry half as many of theaxs alleles as the actor's own offspring
will
— so that sort of balanced altruism would not be fegipsiblings compete with each other
intensely

— There is good evidence that kin selection reallysdoccur among primates (and other animals)
— For kin selection to work well, primates would hdawebe able to recognize their relatives
— so that they would correctly direct altruistic ate/ards closer relatives, and not lose
inclusive fitness by benefiting distant relativeson-relatives
- field observations suggest that many primates dogmize their relatives
— some animals recognize their relatives withoutrlewy, perhaps using chemical clues
(smell)
- but primates apparently havel@arn who their relatives are
— a primate mother will accept a stranger's infartiexsown if it is swapped early enough
- that is, she has to learn to recognize the infdm;does not recognize it by a smell
similar to her own, or any other inborn trait
— primate mothers study their infants carefully
— other related individuals do too
— juveniles pay a lot of attention to their moth&esiv infants
- the infants get to know the mother and their sggirwho are around the most
— notice that all of this learning is in the contekthe infant with its mother
- individuals who have the same father but differaothers will never learn that they are
related!
— if kin selection is the correct explanation forraistic behavior, then most altruism should
occur between close kin
— lots of evidence indicates that it does
- food sharing is altruistic
— it costs the giver some of the food
— and benefits the recipient
— and the vast bulk of the incidents of food sharmigetween kin related through the
mother
— primarily mothers and offspring
— grooming is altruistic
— it is more common among kin than non-kin
— especially mothers and offspring
— coalitions are altruistic
— one individual backing up another in a conflict
— may be dangerous for the one providing support
— most often formed by close kin
— especially common between mothers and offspring
— but also among siblings, half-siblings, grandpa-grandchildren
— in many species with female dominance hierarchiressmother supports her female
offspring in dominance disputes
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— this generally gives the female offspring the posijust below the mother in the
dominance hierarchy
- this makes the female dominance hierarchies extyestatble, generation after
generation
— all the descendents of one mother will rank abdvihe@ descendents of a lower-ranked
mother
- this is altruism on the mother's part, since itiearsome risks
— and it generally benefits only her own offspring,itsmakes good sense in terms of kin
selection
— all of parental investment is really just a specasde of kin selection, where the altruist is
the parent and the recipient is the offspring
— male cooperation in red howler monkey
— in these small multi-female, multi-male groups,yathle highest-ranking male fathers all
the offspring
— yet all the resident males work together to driffecooperating groups of bachelor
males
— this can incur severe costs to the defending meleksiding those who are not mating
themselves
— why help drive off bachelor males, then?
— apparently because the cooperating males are reftzied
— keeping away the unrelated bachelor males increhs@snclusive fitness, through
the offspring of a related male
— evidence
— coalitions of related males last almost four tiraesong as coalitions of unrelated
males

— There is another, completely different mechanisat thight select for altruistic behavior:
reciprocal altruism
— Reciprocal altruism: altruistic behavior that is selected for becabgealtruist is
consistently repaid more than the cost of the actio
- this is easier than it sounds, since the cost dbpuring a service like grooming is low;
probably less than the benefit of receiving it
- so if a recipient of grooming reciprocates withraamning session for the actor, that more
than compensates the altruistic actor for the abgiving the grooming in the first place
— under the circumstances of dependable repaymentahaelection should favor the
tendency to be altruistic, because it benefitsattter directly just a little while later
— in a sense, the behavior is only “altruistic” temgrdy, until it is repaid
— This process of reciprocal altruism could favorwastic behavior if:
— individuals interact frequently
— frequent interaction is necessary in order foraherbe opportunities for altruistic
actions to be repaid
- individuals can keep track of who they have helped who has helped them
— the ability to keep track of who you helped and vkletps you is necessary to be able to
carry out the third, key part:
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— individuals only help those who help them
— those that help others and reciprocate will geteni@ip than those that don't
— that is, those that are altruistic do benefit ntben those who are not, and leave more
offspring
- so if some individuals start showing the altruiséindency and others repay it, altruism
will be selected for

- these conditions seem to be met by many primates
- they do interact frequently
— can they keep track of “debts” and who does and doé pay back? maybe--
— we know that they can recognize individual relagive
— and that they regularly solve complex social protde
— like dominance hierarchy relations
— coalition formation
— and field data suggest that some primates do tehdlp those that have helped them
— male bonnet macaques tend to support those thatsugported them in conflicts
— also those that groomed them most often
— vervet monkeys respond most strongly to vocal ¢allsupport from individuals who
have recently groomed them
— shown by Dorothy Cheney and Robert Seyfarth’s taperder studies
— male chimps
— tend to share meat primarily with other males who
— have shared meat with them
— and who support them in conflicts with others
— male chimps who hunt together also
— tend to groom each other more
— support each other in conflicts
— and go on “border patrols” together
— but these males tend NOT to be maternal relatives
— so their cooperation is probably based on recipyooot kin selection

— Both kin selection and selection for reciprocaluiaim probably do occur
— both appear to work to increase the tendency t@llaistic” acts
— which are the basis of a lot of complex behavior
— especially human, cultural behavior
— so this gives us an idea of how the basic behavenaencies that make us human may
have originally been selected for.

— next time, we will look at how all this complex lzetor ties into the evolution of what really
sets primates, and especially us, apart from @thienals: intelligence.



