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Biology 203 – Evolution                                                                                     

Kin Selection and Social Behavior____________________________________________

In this section, we’ll examine how social interactions create the possibility for conflict and cooperation.  The types of questions addressed in this chapter include the following: When and why do individuals cooperate with each other, and why do they help their parents raise their siblings instead of raising their own offspring?  What conditions lead to conflicts with each other and with their parents, and how are these conflicts resolved?

Topic outline:

I. Social Interactions

    A. Possible Outcomes

    B. Altruism in nature

    C. Inclusive fitness

    D. Kin Selection

II. Eusociality

    A. Introduction

    B. Haplodiploidy hypothesis

    C.  Eusociality in paper wasps

    D.  Eusocial Naked mole rats

III. Parent-Offspring Conflict

     A. Introduction

     B. Weaning Conflict

     C. Parental harassment in White-fronted Bee-eaters

     D. Siblicide

IV. Reciprocal Altruism

     A. Conditions

     B. Blood-sharing in Vampire bats

     C. Territory defense in lions

V. Summary 

I. Social Interactions

   A. Possible outcomes (table 10.1)

        1. Cooperation (aka mutualism) 

            a. fitness gains for both participants

        2. Altruism

            a. individual instigating the action pays the fitness cost and the individual 

               on the receiving end is benefited

        3. Selfishness
            a. Actor gains, and the recipient loses

        4. Spite
            a. Behavior that results in fitness losses for both participants

            b. No clear cut examples of this one

            c. Selection should eliminate any behavior that prevents either participant 

               to gain 

   B. Altruism in nature

        1. Altruism is a central paradox of Darwinism

        2. Darwin initially thought this concept would be “fatal” to his theory of

           natural selection 

        3. Selection could favor traits that might decrease personal fitness if these

           traits led to increased survival and reproductive success of close relatives

   C. Inclusive Fitness

        1. William Hamilton developed a genetic model showing that an allele that 

           favors altruistic behavior could spread under certain conditions

        2. Hamilton’s rule: Br-C>0
            a. B: benefit to recipient

            b. C: cost to actor

            c. r: coefficient of relationship

                i. probability that the homologous alleles in two individuals are

                   identical by descent 

            d. altruism more likely to spread when benefits are great, cost to actor low 

               and the participants are closely related

        3. Inclusive fitness 
            a. Direct – results from personal reproduction

            b. Indirect – results from additional reproduction by relatives that is made

               possible by an individual’s actions

                i. indirect fitness accrues when relatives achieve reproductive success

                   above and beyond what they would have achieved on their own.

   D. Kin Selection

        1.  When natural selection favors the spread of alleles that increase the 

            indirect component of fitness

        2. Most instances of altruism are a result of kin selection

        3. Alarm calling in Belding’s Ground Squirrels (Spermophilus beldingi) (read   

           pp 334-335)

            a. background

                i. rodents that breed in colonies; males disperse far from the natal   

                   burrows, while females tend to remain and breed close by

                   a). females in proximity tend to be closely related

            b. results from Paul Sherman’s work (see fig. 10.2)

                i. 13% of callers were stalked or chased by predators

                    a). females were much more likely to call than males

                    b). females much more likely to call when they had close relatives 

                        within earshot

                        i. 5% of non-callers were stalked or chased by predators

                        ii. results seem to support hypothesis that kin selection 

                            responsible for evolution of alarm calling

            c. conclusions

                i. altruistic behavior is not dispensed randomly

                ii. altruistic behavior is nepotistic 

                iii. self-sacrificing behavior is directed at close relatives and should

                     result in indirect fitness gains

        4. Helping behavior in birds

            a. many species have young that are old enough to breed on own, but 

               will remain and help their parents rear their siblings (or 1/2 siblings)

            b. helpers assist with nest building, nest defense, food delivery to 

               incubating parents and nestlings

            c. helping is most often seen when breeding opportunities are 

               extremely restricted

                i. habitats are saturated with established breeding pairs

                ii. suitable nests are difficult to obtain

                iii. direct fitness almost impossible for young adults

            d. indirect fitness – “best of a bad job strategy”

        5. White-fronted Bee-eaters (Merops bullockoides) (read pp 335-337) 

            a. work done by Steve Emlen, Peter Wrege, and Natalie Demong

            b. colonial species, native to East and central Africa; breeds in

               nesting chambers excavated in sandy riverbanks 

            c. many year old bee-eaters stay to help at the nest during what 

               would be their first breeding season

               i. able to choose which clan members to help

               ii. nonbreeders actively decide to help the most closely related

                   individuals available

               iii. that is, they almost always choose to help those with the highest r

            d. benefits

                i. more than half of bee-eater young die of starvation before

                   leaving the nest

                ii. (on average) presence of each helper results in an additional 

                    .47 offspring being reared to fledgling 

II. Eusociality

   A. Introduction

        1. Darwin recognized social insects as the epitome of altruism

        2. Many worker ants and bees do not reproduce at all

            a. helpers at the nest of their parents for life

            b. extreme form of reproductive altruism

        3. Eusociality (true sociality) 

            a. overlap in generations between parent and offspring.

            b. cooperative brood care

            c. specialized costs of nonreproductive individuals

   B. Haplodiploidy hypothesis

        1. Hamilton proposed that genetics driving force to eusociality 

            a. male: haploid: develop from unfertilized eggs

            b. female: diploid: develop from fertilized eggs

            c. haplodiploidy: females more closely related to their sisters than

               offspring:1/2 + (1/2+1/2) = 3/4 b/w sisters vs 1/2 between mother and 

               daughter             

            d. Hamilton proposed that haplodiploidy favors production of sisters over

               daughters 

               i. females will maximize their inclusive fitness by acting as workers 

                   rather than as reproductives

               ii. alleles will increase in population faster when they invest in the 

                   production of sisters rather than producing their own offspring 

        2. Why do workers prefer sisters to brothers?

            a. r with sisters is 3/4; r with brothers is 1/4

                i. workers should favor a 3:1 female-biased sex ratio in reproductive

                   offspring (not sterile workers/soldiers)

                ii. queens should favor 1:1 sex ratio b/c equally related to sons and

                    daughters

        3. Controlling sex ratio of reproductive offspring

            a. Wood ant (Formica exsecta) 

                i. queens laid 50/50 males to females

                ii. however, sex ratios heavily female-biased at hatching

                iii. Sundstrom et al., hypothesize that workers are able to determine

                     sex of eggs and selectively destroy males

                iv. female-biased sex allocation is widespread among eusocial 

                     hymenoptera

        4. Does the haplodiploidy hypothesis really explain eusociality?

            a. prediction that females favor sisters over offspring based on the 

               assumption that all female workers in colony have the same father! 

            b. not always true

                i. Honey bee queens mate ≈ 17 times prior to founding a colony

                ii. r< 1/3

            c. in many species – more than 1 queen is active 

                i. it is possible for workers to have neither parent in common

                ii. r could be 0

            d. many eusocial species not haplodiploid and many haplodiploid species

               not eusocial

                i. nonreproductive castes are found in all termites and they are diploid 

                   and have a normal chromosomal system of sex determination

                ii. eusociality is common among hymenoptera but not universal

        5. How does haplodiploidy fit with eusociality?

            a. James Hunt looked at the connection b/w haplodiploidy and

               eusociality (Figure 10.9)

                i. b/c all hymenopterans are haplodiploid,

                   Hunt inferred that this system of sex determination evolved early in

                   the evolution of the group.

                ii. however, eusociality is found in just a few families of 

                    hymenopterans

                iii. b/c scattered about the tree, it seems likely that eusociality has 

                     evolved independently several times.

               *iv. Hunt noted that eusociality only evolved in groups that build 

                    complex nest and that care for their larvae for extended 

                    periods.

            b.  Association b/w nest building, care of larvae, eusociality

                i. suggests primary agent favoring reproductive altruism in insects 

                   is ecological in nature NOT genetic

                ii. nest building and need to supply larvae with a continuous supply 

                    of food make it difficult or impossible for females to breed on 

                    own

                iii. when predation rates high and young dependent for a long time, 

                     individuals who breed alone are unlikely to survive long 

                     enough to bring young to adulthood.

                iv. “best of a bad job”

                v. need to consider ecological factors that affect B and C as well 

                   as genetic factors that dictate r (Hamilton’s rule)

   C. Facultative strategies in Paper wasps (Polistes dominutis) 

        1. workers are not sterile 

        2. not obligate helpers: females are capable of reproducing on their own

            a. have option of helping relatives or breeding on their own

        3. females pursue 1 of 3 distinct strategies

            a. initiate their own nest

                i. studies have shown that nests with single founders more likely to fail 

                   than are multiple founders

                   a). if something happens to 1 founder, others will be there to 

                        maintain nest

                   b). multi-founders are more likely to rebuild: 21/51 for

                        multifoundress groups vs 5/54 for single foundresses

            b. join a nest as a helper

            c. wait for a breeding opportunity 

                i. some females leave nest, enter a dormant state and wait until the

                   following breeding season 

                ii. adopt abandoned nests

                iii. takeover a nest

        4. multi-founded nests

            a. grew fastest when there was a large difference in body size of the 

               dominant female and her subordinate

            b. subordinates gain indirect fitness b/c they are usually related to the

               dominate female

            c. direct benefits if dominate dies and they are able to take over the nest

           *d. costs and benefits of helping depends on female’s body size and her 

               coefficient of relatedness with other members

        5. Summary – facultative reproductive altruism

            a. conditions

                i. body size relative to competitors

                ii. coefficient of relatedness to members of nesting coalition

                iii. availability of other nests or nest-sites

   D. Eusocial Naked Mole-rats (Heterocephalus glaber)

        1. native to desert regions in the Horn of Africa; live underground in 

           colonies; work cooperatively; young produced by a single queen 

        2. Why are eusocial?

            a. colonies are highly inbred

                i. 85% of all matings b/w parents and offspring or b/w full siblings

                ii. not all inbred species are eusocial

II. Parent-Offspring Conflict

   A. Special case of providing benefits for close relatives

        1. Robert Trivers: parents and offspring are expected to disagree

           about each other’s fitness interests 

        2. conflicts occur when costs and benefits of altruism change or when 

           degrees of relatedness not symmetrical

   B. Weaning Conflict (check out figure 10.13!)

        1. Aggressive and avoidance behaviors common toward end of nursing on 

           part of mom

       *2. Fitness interests of parents and offspring not symmetrical

            a. offspring related to themselves @ r = 1

            b. parents related to offspring; r = 1/2

                i. parents equally related to each offspring & expected to equalize 

                   investment in each

                ii. siblings only related to each other @ r= 1/2

                iii. theory of evolution predicts that each offspring will demand an 

                     unequal amt. of parental investment for itself

        3. At start of nursing, benefit high to offspring relative to cost of parent 

        4. As nursing proceeds, ratio declines

            a. young bigger; demand more milk; cost to parent increases

            b. young more capable of finding own food

            c. natural selection should favor weaning when the benefit to cost 

               ratio = 1 (Figure 10.14a)

                i. interval of weaning conflict  - period b/w the differing perspectives on

                   time of weaning of mother and offspring 

                   a). avoidance and aggressive behavior should be observed

            d. offspring devalue their mother’s cost of providing care

                i.  “savings” parents achieve thru weaning will be invested in

                     siblings with r= 1/2 instead of themselves r = 1

                ii. natural selection should favor offspring who try to coerce 

                    continued parental investment until the benefit-cost ratio = 1/2 

   C. Parental harassment in White-fronted Bee-eaters

        1. Fathers coerce sons, who are trying to raise their own young, into

           helping to raise siblings

            a. Harassment behavior preferentially directed @ close kin

                i. Emlen & Wrege’s work

                    a). 69% of harassment episodes observed involved 

                        parent /offspring

                    b). 62% involved father & son

                    c). 16/47 harassment episodes resulted in recruitment

        2. Why not resist?

            a. sons equally related to own offspring as to siblings

            b. fitness payoff from breeding on own only slightly greater 

               than fitness payoff from helping (.51 vs. .47)

            c. harassment could tip balance by increasing cost of rearing 

               young

        3. Why harass?

            a. parents more closely related to own offspring (r = 1/2) than

               grandchildren (r = 1/4)

            b. each helper is responsible for an additional .47 offspring 

               being raised

           *c. data imply that fathers able to recognize sons and are often 

                successful @ coercing sons

   D. Siblicide

        1. How adaptive if parents are related to all young by r = 1/2?

        2. Masked boobies

            a. 2 eggs laid, 2-10 days apart

            b. 1st hatched chick pushes younger out of nest

        3. Blue-footed boobies

            a. short term food shortage: older nestling reduces intake

            b. if food shortage continues, older chick kills younger

        4. Case study: Lougheed & Anderson – reciprocal transplant – does

           parental behavior differ b/w species?

            a. placed newly hatched masked boobies with blue footed boobies and

               vice versa; control: placed newly hatched with correct species

            b. results

                i. chicks more likely to die if had masked boobies as a nestmate

                ii. chicks more likely to die if had masked boobie as a parent

            c. proposed that masked boobies tolerate siblicide while blue footed 

               boobies attempt to intervene and prevent death of younger offspring

                i. data first to indicate that in some siblicide species, parents act to

                   defend their reproductive interests

            d. hypothesis: food shortages much more likely w/masked boobies – 2nd 

               chick going to starve anyway

IV. Reciprocal Altruism

   A. Conditions

        1. Selection favors altruism only if cost to actor smaller or equal to the

           benefit to the recipient

            a. alleles that lead to highest low-benefit behavior cannot increase even if 

               act is reciprocated

        2. individuals that fail to reciprocate must be punished in some way

            a. predict that altruists will be selected to detect and punish cheaters by

               physically assaulting them or by w/holding future benefits 

        3. reciprocal altruism most likely to evolve when:

            a. individual repeatedly interacts with same set of individuals

            b. many opportunities for altruism to occur in an individual’s lifetime

            c. individuals have good memories

            d. potential altruists interact in symmetrical situations

        4. difficult to measure and distinguish from kin selection or by-product 

           mutualism 

        5. Trivers has suggested that reciprocal altruism is responsible for much of 

           the cooperative behavior observed in primates like baboons, chimps, and 

           humans

   B. Blood-sharing in Vampire bats

        1. Gerald Wilkinson: 200 vampire bats (Desmodus rotundus) in Costa Rica

        2. Blood meals difficult to obtain

            a. 33%young bats fail to feed

            b. 7% adults fail to feed

        3. Regurgitation

            a. 77/110 episodes b/w mother & child: parental care

            b. 21/33 b/w relatives or to nonrelatives who are frequent roostmates

            c. bats did not regurgitate blood meals to one another randomly

        4. Study

            a. Wilkinson held 9 individuals in captivity, w/held food from a different 

               individual each night for several weeks and recorded who regurgitated 

               to whom

            b. hungry individuals more likely to receive blood from those they had fed 

               before

   C. Territory defense in lions

        1. Robert Heinsohn & Craig Packer

            a. placed speakers near the edge of pride territories and played

               recordings of roars

        2. Results

            a. some females always led; some always followed

            b. some females adopted conditional strategies

                i. some would assist lead female when multiple roars played 

                   a). threat to pride greater

                ii. some would lag even more behind

                iii. strategies not correlated with age or body size or coefficient of

                      relationships with other pride members

            c. paradoxical results

                i. no punishment for laggards

                ii. leading hypothesis – laggards make it up in other ways

V. Summary

   A. 4 outcomes possible w/respect to fitness

        1. cooperation

        2. altruism

        3. selfishness

        4. spite

   B. Kin selection important in explaining:

        1. alarm calling in Belding's squirrels

        2. helping behavior in birds

        3. evolution in eusociality

   C. Parent-offspring conflict/Sibling conflict

        1. parents equally related to offspring, but offspring more closely related to

            themselves than to their siblings

   D. Reciprocal altruism

        1. explains food-sharing b/w vampire bats

        2. may explain interactions among females in lions’ pride

        3. difficult to distinguish from kin selection or simple mutualism 

