Organic Evolution: Notes #2   (Fall 2005, Dr. William Rogers, Winthrop U.)

Types (Realms) of Natural Selection

A.  Survival Selection – Operates on the ability to deal with demands of existence to make it to reproductive age.

B.  Fecundity Selection – Operates most strongly on females and their ability to turn nutrients and calories into competent embryos/young, and to do so maximally (higher numbers).  One offspring may be the max. fec. for certain species per season (whales), or millions (cod).  Females do compete with each other within species.  

[Fertility – The capacity to produce competent gametes]

C.  Sexual Selection – The unequal ability to attract and/or compete for mates.  Operates most strongly on males.

Anisogamy – The production of unequal gametes by the sexes.  (Ties B and C above together)
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>Females must be very discriminating.  Bad mating can adversely affect her lifetime reproductive output.

>Males need to be attractive.  They need to out-compete other males.   

Are fairly indiscriminate.

Sexual selection occurs in animals and plants.  

It isn’t a conscious choice for males or females.

Females are the agent of selection:

Advantages for females choosing good mates (potentially):


Epigamic component (Female choice or selection)

1.  Automatic benefit. (Indirect)  Gets male’s genes.  If  male brings high quality genes to the mating, she will combine her genes with them; higher likelihood of high quality offspring.  (Always occurs)

2.  Direct Benefit  -  If males hold territories where female can feed (or male provides food) or other advantages males provide at time of mating or during raising of young.  (In some species)

Models of Sexual Selection


All depends on runaway selection (a positive feedback loop)


Predicated on directional selection
Fisher/Darwin/Runaway selection/”sexy sons” model:

1.  Females prefer a given trait amongst males.  That is, there’s a BIAS among females for a particular trait.



2.  Female offspring inherit mother’s bias.


Male offspring inherit preferred trait.



(Both must happen)

In a beginning population of females, many biases may exist.  However, some biases may pay off big, early in the process.  Two models emerge from this:

1.  Handicap model


Females prefer a trait that decreases a male’s probability of surviving (train of peacock).  Some males do survive, indicating some possibly excellent genes.

2.  “Mr. Good Genes” model


Males exhibit evidence of genes that enhance survival (highly parasitic males have poor color; poor responder; more quiet) – an honest signal of genetic quality.


Moeller Barn Swallow



Females not only looked at tail length.  More important was the symmetry of all tail feathers.  Males are demonstrating good development, overcame problems.  (Only one way to be symmetrical, infinite ways to be asymmetrical).


Thornhill -  Mecoptera (Scorpionflies)   Symmetrical males smell more attractive


Humans – Long-standing couples are between being “identical” and being “completely different.”  MHC in saliva of humans, and other aromas of humans, may assist in measuring compatibility.


Angela Basluo – Platys M/F look same; Swordtails, M long tail, F normal.  Glued long tail to M Platys, F Platys desired highly.

99% of all species are polygamous (one male with several females).  Few are monogamous.

SO, most males are useless.

Males – look for youth (more reproductive years)
Females – look for provision

lip/face ratio 





(wealth)



hip/waist ratio (maturity for birth)

age (a little older)

lip/chin ratio




symmetry

D.  Kin Selection


Unequal reproduction of genes (alleles) due to unequal reproduction of related individuals who carry those alleles due to common descent.


Animals call out to each other – call loud enough for her family to take heed.  


Behavior appears altruistic (doing something for others with no self-benefit).


Inclusive fitness – “W” for an individual and all close relatives 

(W=relative degree of fitness)

The likelihood of an “altruistic” act is influenced by “r”

(r = the coefficient of relatedness; the probability that 2 individuals share a given allele due to common descent)

parents         
B            C      


r A-D = ?








links:  A  B  C     (2 links)

offspring  
A      
   D


           A  C  D     (2 links)
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Brother and sister (A,D) related by ½ on avg.  (You share half the genes that your sister got from the same parents)

r

relationship


0.5

parent to offspring

0.5

siblings

0.25

Aunt/uncle to niece/nephew

0.25

Grandparents to grandchildren

0.125

Cousins


W. D. Hamilton’s Rule:  If the allele for the “altruistic” behavior is to persist/spread, 

r B (benefit to altruist) 
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 C (cost to altruist)



[in terms of # offspring]

To save siblings,  .5 B 
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 C   , so B 
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 2C  (saving at least 2 siblings)

Saving cousins;  .0125 B 
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 C,  so  B 
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 8C  (8+ cousins to be worth it)

Found with birds, mammals, some fish, and hymenoptera.

Hymenoptera are Haplodiploidy


r (sister-sister) = .75


r (mother-daughter) = .50


r (sister-brother) = .25

What good is ½ an eye?

Don’t forget context.  Constant function?  Changes over time?  In what setting?  In what time?

Kohl and Kingsolver (1985)

Original question – What good is ½ a wing?


Studied insect wings – used chitin-like materials to make model insects


Standard body length vs. mean wing length.


½, ¼  avg. wing length used


Found that any less than FULL wing was NO GOOD       lift











          1/8  ¼  ½       full

But, was it always a wing?  Or, a heat exchanger?


Insects are ectotherms










lift







        Heat transfer










      1/8  ¼  ½       full


Preadaptation (Exaptation)


A feature whose function changes faster than its structure.  It takes on a new function in a changed adaptive context without necessarily becoming radically changed in structure.

Kea – New Zealand ground dwelling parrot (walks mostly)


Ate fat around kidneys of introduced sheep.  Used sharp hooked beak developed for nuts, etc. 

Functional interactions (between organs in an organism)


If one part of an organism is under selective pressure, other structures may be affected.

Dry-adapted plants  

Typically store water in underground structures, stems, or leaves.  For leaves, photosynthesis is primary job, but a succulent leaf is thick, interfering some with psyn.  

Stem succulents – leaves no longer photosynthetic, so other parts must be.  Therefore, leaves no longer restricted to acting like typical leaves (thorns)

Stem is subjugated – must do new job

Leaves are emancipated – freed from job

Convergence – Different organisms solve the evolutionary problem independently.

Bony fish – Pharyngeal teeth (on pharyngeal mill) used to grind.


Cichlid fishes – 100’s of species of (Africa, S.A.)


mill is different – takes on fct. like regular teeth action; front teeth are emancipated; many bizarre mouth forms.

Life History Patterns


All biologically significant events in the lifetime of a typical individual of a given species.



Fertilization                birth/hatching                 reproducing                     death

Timing of these events influenced by natural selection.

Pleiotrophy – The multiple effects of an allele in an organism’s life


Genes can be turned on at different times.  Timing can produce different effects at different times.

Huntington’s disease – neurological disease


Autosomal dominant (only one copy needed – not a sex chromosome)  lethal


However, it’s not expressed until late 30’s, so natural selection unaffected (already reproduced)  Timing of reproduction important here.


Net fitness:  General population – 1.049 children




   Huntington’s disease – 1.031 children    (same net fitness)
See handout – “Selection and Timing of Life History Events”

Pacific Coast Salmon:  Breed at 5-7 yrs.



 Pacific ocean

Coastal ranges   Central Valley    Sierra Nevada

Hatch in fast flowing and/or cold water in Sierra Nevada.  Takes 1 yr. to swim to Pacific 

(now 8”).  Spends 5 years in Pacific, growing as large as possible.  Large females can hold more eggs; large males are stronger.  Grizzly bears take many.  Few make it back to spawn area.  Use up all fat; use organs as energy.  Then, die.  (See second graph)

Third graph typical of humans, oaks, primates, large birds, tuna, whales (larger organisms)


After reaching certain minimal critical size, chances of reproduction (even several times) is good.  Relatively low fecundity, but high probability of survival to reproduction.

Second and third graph can be in same species, between males and females.  

Northern Elephant  seals; 

Third graph is for females.  After 1st year, 1 pup/yr. for 11+ yrs.; 500-600 pds.+.  

Males wait until 11 yrs old – breeding is brutal.  Must be large.  Most die (second graph).
Problem:

Ocean Sunfish:  Mola mola


Can weigh up to a ton


1 ft. wide, several ft. dia.

Why?


Ontogeny – (related to life history)


All of the developmental stages an organism goes through from fert. to death.



Fertilization                birth/hatching                 reproducing                     death



Embryology




Somatic development







Development

Embryology influenced by natural selection

Over the course of all development, 2 major processes are going to affect the organism’s phenotype:  


1.  Growth (in all dimensions)  (includes # of cells)


2.  Differentiation and/or Morphogenesis  (Differentiation – Diff. jobs groups of cells undertake and the differing structures to which they contribute). Timing of cert. genes = these.

Allometry
(allo – different, foreign) (metry – measurement)

The different rates of growth among the parts of an organism or among the parts of different species of organisms.

During an organism’s ontogeny, different parts can grow at different rates.

1 part has magnitude x (usually body), another magnitude y (allometric relationship)



y = bxa







a = 1

or, logy = logb + alogx
a > 1






a < 1

a = slope of relationship between x and y  (allometric constant)

b = constant where line crosses y axis when x = 0
a < 1, x get larger faster

a > 1, y gets larger faster

See handout – “Allometry”


Allometric constant for humans with head/body: for y = head and x = body, 


a ~ 0.3 (head grows about 1/3 rate of body)


y = bx 0.3
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