Adaptation and Evolution (continued…)

V. Kin Selection and the Evolution of Cooperative and Antagonistic Behavior
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A. Darwin’s Dilemma
 - One of the most remarkable patterns in biology is the existence of social, hive-making insects.  Curiously, there is only one reproductive female, and the rest of the bees in the hive are sterile female ‘workers’.
 - Darwin was perplexed… how could this system consisting of sterile workers evolve by selection, if the very process of differential REPRODUCTIVE success doesn’t occur?  How can sterility be selected for?
B. Kin Selection
1. Inclusive Fitness
 - Darwin appreciated that the member of a hive might be related, and that this might foster some benefit to sacrificing personal reproduction “for the good of the hive”.  However, this was not described sufficiently until 1964, when W. D. Hamilton introduced the term of ‘inclusive fitness’ – meaning the reproductive success of all organisms that share a set of genes (relatives).
 - In short, 3 siblings have more of ‘your’ genes (1/2 each, 3/2 collectively) than you do (1 set).  So, selection should favor genes/genotypes willing to sacrifice themselves to save relatives.

2. Haplodiploidy and Social Insects
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 - Hamilton solved Darwin’s dilemma by appreciating that bees are haplodiploid: a diploid queen makes haploid eggs by meiosis that have ½ her genes.  Males are produced when these eggs develop WITHOUT fertilization.  So, males are haploid, and a male’s sperm, produced by mitosis, is HAPLOID and ALL the SAME. 
 - A male mates with a queen, transferring his sperm (again, it is all the same).

 - If the queen uses this sperm to fertilize an egg, a diploid embryo is produced and this develops into a daughter.

 - These daughters are related TO ONE ANOTHER by ¾ … ½ on their mother’s side, but 100% on their father’s side… since they were produced with identical sperm.  So, their average relatedness is ¾.
 - Now, consider a single female worker.  If she reproduces, her OWN daughters will get ½ her genes and be related to her by 50%.  BUT, if she HELPS HER MOTHER RAISE MORE SISTERS, EACH of her sisters will carry ¾ of her genes!  So, she will get more of her genes into the next generation if she helps her mother raise sisters, rather than if she reproduces herself.  Sacrificing her own reproduction to help her mother  is ADAPTIVE because it actually increases the rate her own genes are transmitted.

 - However: Many social insects have multiple queens, or have queens mated by multiple males, which reduces relatedness among workers. So, how can such social behavior and sacrifice of individual reproductive success be adaptative at any level?

C. Altruism
 - Altruism in biology is when one organism decreases their own immediate reproductive success and increases the immediate reproductive success of another.  Obviously, for this to be ADAPTIVE, it must increase reproductive success in the long term…. But at the level of the gene, the cell, the organism, or the population?
1. Among Relatives – Kin Selection

[image: image3.jpg]100

80

60

40

20

Probability of helping (%)

o

0 0.125 0.25 0.5
Coefficient of relationship (r)

Figure 9.14
The Economy of Nature, Sixth Edition
©2010 W.H.Freeman and Company



 - In many species, adolescent or young reproductives help their parents raise siblings.  Their probability of acquiring a territory is low anyway; they can raise their fitness more by helping their parents raise siblings than by attempting to mate, themselves.

2. Among Non-Relatives

 - Depends on the Cost-Benefit Ratio… the COST of FIGHTING and the BENEFIT of Cooperating.  In a population of cooperators that sacrifice some of their own reproductive success for the good of others, ‘cheaters’ that don’t reciprocate and exploit these relationships will be at a selective advantage within the group, and genes for this “hawk” behavior will increase.
 - If the C > 1/2B, then there will be a ratio of cooperators and cheaters that can be maintained.
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 - If C< 1/2B, then cheaters (Hawks) will eventually eliminate helpers (Doves).

  - Models Where Cooperation Is Adaptive

 
a. Direct Reciprocity: Tit for Tat. 



Cooperate to start.  When a partner cheats, cheat back, then forgive and cooperate again. Only works where the probability of repeated encounters is very high.

b. Indirect Reciprocity: Creating a Rep



When the probability of repeated encounters is low, cooperation can be adaptive because ‘helpers get helped’.  In a social system, an act of cooperation that is perceived by others may increase the probability that the helper is helped in the future, even if it is NOT by the individual they helped. “Charity” effect.

c. Network Reciprocity



In a social system, helpers will find and assist one another in a subgroup, within groups that may also contain defectors (cheats).


d. Group Selection



A group of helpers could have greater average fitness than a group of cheaters suffering the costs of competition.  A classic example is in bacterial mats. 
“The “wrinkly spreader (WS)” strain of Pseudomonas fluorescens evolves in response to anoxic conditions in unmixed liquid medium, by producing a cellulosic polymer that forms a mat on the surface. The polymer
is energetically expensive to produce, which means that non-producing “cheaters” have

the highest relative fitness within the group. As they spread, the mat deteriorates and

eventually sinks to the bottom. WS is maintained in the total population by between group

selection, despite its selective disadvantage within groups, exactly as envisioned by

multilevel selection theory (Rainey and Rainey 2003)” from “Rethinking the Theoretical Foundation of Sociobiology” Wilson and Wilson .  In this case, the ‘hawk’ curve is very steep, and only a few individuals of this strategy can be maintained before the group collapses, making room for colonies with higher percentages of ‘doves’ that build the mat.  But mats must fragment to replicate.
There are several problems with groups selection.  The most fundamental is that groups usually don’t replicate, and they don’t produce a variable set of groups from which those that ‘help’ one another can be selected for.

 - Examples in Non-human Primates


 - Capuchins have a sense of fairness, and they will stop reciprocating when they feel cheated, even in relative terms.


 - Chimpanzees act to assist others, even if they can receive no immediate reciprocity.

D. Conflicts within Families
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1. Parent-Parent

 - Strategies for maximizing fitness may not be the same for mates.  In mice, with multiple inseminations, one female’s litter may be fathered by multiple males.  

 - Selection favors EACH male to increase the growth of their particular offspring

 - Selection favors the female to insure the growth and survival of ALL offspring

Interleukin-like growth Factor II (“IGF-II”) stimulates embryonic growth, and a competitor inhibit inhibits embryonic growth.  The activity of these gene depends on the sex they are received from (= “genetic imprinting”), in a manner consistent with these two different strategies.
 - the IGF-II gene from the male is ON and the inhibitor is off.

 - the IGF-II gene from the female is OFF and the inhibitor is ON.
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2. Parent-Offspring

 - A parent may prioritize FUTURE reproductive potential over current investment in existing offspring.  This usually occurs when resources are limiting and continued investment in existing offspring will reduce parental survivorship dramatically.

 - Red Deer females – spontaneously abort embryos when resources diminish.  And they selectively abort male offspring more than females.  Small sons won’t win a harem and are of less reproductive value than a small daughter, who is still likely to mate.  So, investing in small sons when stressed is a waste, whereas investing in a small daughter may still pay off reproductively.
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 - Parents may “bet-hedge”, producing more offspring than they will typically rear to adulthood.  But, if resources are abundant, they can take immediate advantage and “feed the runt”, raising their reproductive success.
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3. Sibling-Sibling

 - Killing siblings means more energy for the winner. In brown hyena, pups are born with eyes open and developed teeth, and they establish a dominance hierarchy immediately… low ranking pups don’t get as much food and often starve.
 - In some species, two eggs are laid and the oldest chick kills the younger unless there is surplus food.

STUDY QUESTIONS:

1) Why was Darwin confounded by sterile insect castes?
2) How did Hamilton unite haplodiploidy and inclusive fitness to explain the reproductive benefit of sterility in social insects?

3) What is meant by an “Evolutionarily Stable Strategy”?  Under what conditions can a population of ‘hawks’ and ‘doves’ coexist? 
4) Describe the four mechanisms proposed by Nowak where cooperative behavior could be adaptive.

5) Describe the IGF-II example in the context of adaptive strategies of males and females.

6) When is spontaneous abortion or abandoning a nest adaptive for the parent?

7) Why do Red Deer females abort more male embryos than female embryos?

8) How is siblicide explained as an adaptive strategy?  When might the cost/benefit analysis favor kin selection over siblicide?
9) Describe Pinker’s arguments against true ‘group selection’.
