April 10, 2002

Kin Selection, cont’d

Serengeti Lions

FITNESS

Working definition of fitness used by population biologists:

Success of one allele or genotype or phenotype relative to the others.

OR

Relative contribution of one allele to the next generation (as a proportion)

Ranges from 0 (no contribution) to 1 (all of the next generation)

Really looking at genes, with organisms as vehicles for genes

Calculated various ways

Example:  compare survivorship in one generation

	
	AA
	Aa
	aa

	generation 1 at birth

(before selection)
	4000
	5100
	2300

	generation 1 at breeding time

(after selection)
	3800
	4200
	1200

	survival rate
	3800/4000
	4200/5100
	1200/2300

	
	=.95
	=.82
	=.52

	relative fitness

(survival rate compared to best genotype)
	.95/.95 = 1
	.82/.95 = .86
	.52/.95 = .55


Example:  compare rate of increase to H-W predictions

	
	AA
	Aa
	aa
	total
	p
	q

	generation 1
	3000
	3900
	2000
	8900
	.56
	.44

	generation 2
	3800
	4400
	1800
	10000
	.58
	.42

	expected 
	3136
	4928
	1936
	
	.56
	.44

	actual/expected
	3800/3136

=1.21
	4400/4928

=.89
	1800/1936

=.93
	
	.58/.56

=1.04
	.42/.44

=.95

	rate of increase vs increase of most fit
	1.21/1.21

=1
	.89/1.23

=.72
	.93/1.23

=.77
	
	1.04/1.04

=1
	.95/1.04

=.91


Repeat, for black squirrels as homework

	
	A_

gray (agouti)
	aa

black (non-agouti)
	total # of squirrels
	q
	p

	1986
	133
	25
	
	
	

	1987
	70
	25
	
	
	

	predicted by H-W rules
	
	
	
	
	

	actual/expected

= rate of increase
	
	
	
	
	

	rate of increase relative to most fit
	
	
	
	
	


LIONS

Sacrifice doesn’t have to mean giving up your life.  What if, by helping close relatives breed, you could get more of your genes into the next generation?  What are the costs and benefits?

Cost:  loss of individual fitness

Benefit:  gain in inclusive fitness

Lions in the Serengeti are unusually cooperative and social for cats.

Pride is a matrilocal group of 2-18 (mean = 6) closely related females and their cubs.  Why not defined by males?  Males come and go.

Tenure of males is shorter.

Group of 1-9 males lives with the pride, mates with the females, successfully prevents adultery with males outside the pride.  Cooperate in hunting, defending the kill.

Females mate 100 times during estrus, with more than one male.  Chance of pregnancy per single copulation is less than 1%.  It turns out, however, that all cubs in a litter have the same father.

Coalition stays with pride until driven out by another coalition.  New coalition kills all cubs under 1 year old, as many of the yearlings as possible, and beats up any pregnant females.  Miscarriages and sudden cessation of nursing bring them all into estrus at the same time.  Males mate with them, cubs are born simultaneously.

Examine some data about lions.

Bygott et al.  What do you see in Table 1?

Explain significance.

Number of male coalitions = 83

Sizes of coalitions?

Number of tenured coalitions = 47

Put 83 coalitions in a bag.  Pull out 47 at random.  Repeat over and over.  How often do you pull out this distribution?  What can we say about the likelihood of getting into a pride?

Figure 1.

Explain r2.  The % of variation in Y that can be accounted for by variation in X.  The lines and r2’s are mine.

What do you see?  Larger coalitions


have longer tenure


in larger prides


and father more cubs.

Also see variability from group to group.

Packer et al.

Fig 4b first.  Make a table:  Coalition size vs cubs by each male
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What does this tell you about individual reproductive success?  Unequal for coalitions over 2.  In all 3 of the larger coalitions, 1 male fathered no cubs!  

Fitness = 0!  In the coalition of 4, a second male had only 1 cub!

What good is being in a larger coalition if you don’t get to father any cubs?

Variance and standardized variance

Recall SD.  variance is SD squared.  Or SD before you take the square root.

How much variance is a lot?  Depends on the mean.  Variance of 1 inch in the heights of basket ball team members means there is no variation to speak of, but variation of 1 inch in hummingbird beak length means there is great variation!

Standardized variance is a way of making the variance in two different groups comparable.  Divide by the mean squared.  Small st var means not much variation around the mean.  Larger st var means more variation.

Greater standardized variance in reproductive success for large coalitions than for small ones.

Inclusive fitness theory makes a prediction:  What is it?

That large coalitions should be made of related males so the loss in individual fitness due to being in a large group is balanced by inclusive fitness – the breeding success of close relatives.

Read the boxes on fig 4b

What to they tell us?

Now fig 4a.  What are the squares and the triangles?  What are the numbers?

males without a relative in their coalition

coalitions containing a non-relative

Why are there more coalitions represented here than in 4b?  What is demographic data?  What is paternity data?

Kin selection predicts that only small coalitions should contain unrelated males, since the probability of individual breeding success is greater in a small coalition.

Inclusive fitness in male coalition

	Male #:
	1
	2
	3
	4

	actual # cubs
	9
	8
	1
	0

	relative fitness
	9/9

= 1
	8/9

= .89
	1/9

= .11
	0/9

0

	If males are brothers:

	# of genomes in cubs from direct paternity
	9 x .5

=4.5
	8 x .5

=4
	1 x .5

= .5
	0

0

	if others are brothers,

add ¼ genome for each niece/nephew
	+ (9x25)

=2.25
	+ (10x.25)

=2.5
	+ (17x25)

= 4.25
	+ (18x.25)

= 4.5

	Total # genomes in cubs
	6.75
	6.5
	4.75
	4.5

	Relative fitness
	1
	6.5/6.75

=.96
	4.75/6.75

=.70
	4.5/6.75

=.67


Homework: 

Summarize today’s information on reproductive cooperation in Serengeti lions, using the principles of inclusive fitness and kin selection.  2-3 paragraphs.

