Selection & Adaptation

ES.

Natural Selection as “the” mechanism
that produces descent with modification
from a common ancestor aka evolution.

Darwin’s Four Postulates:

1. Individuals within a spp. are variable.

2. Some variations are passed on to offspring.
3. More offspring produced than survive.

4. Survival and reproduction are NOT random.

Fitness = Winners @ survival and reproduction
Adaptation = modified traits or characteristics
Galapagos Finches on hypothesis testing, winners by a beak!

Darwin’s Finches as a Model
for Natural Selection
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Individuals within a spp. are variable.
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Some variations are passed on to offspring.
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Reproductive potential
This table gives the number of offspring that a single individual (or pair of individuals, for
sexual species) can produce under optimal conditions, assuming that all progeny survive
1o breed, over various time intervals. Darwin picked the elephant for his calculations be-
cause it was the slowest breeder then known among animals.

Organism Reproductive potential Citation
Aphis fabae (an aphid) 524 billion in one year Gould 1977
Elephant 19 million in 750 years Darwin 1859
Housefly 191 % 10** in 5 months Keeton 1972
Mycophila speyeri (a fly that 20,000/square foot, in 35 days Gould 1977
feeds on mushrooms)

Staphylococcus aureus cells would cover the Earth Audesirk and
(a bacterium) 7 ft deep in 48 hours Audesirk 1993

Starfish =>10"in 16 years* Daodson 1960

*10™ is the estimated number of electrons in the visible universe,

Survival and reproduction are NOT random.
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Natural Selection

* NS does NOT change the characters of individuals.
* NS does change the character distribution of populations.
* NS acts only on existing phenotypes.

* NS does NOT result in perfection (Not forward looking
nor progressive).

» NS occurs within generations whereas evolution occurs
across generations.




NeoDarwinism — Includes the
mechanism(s) for natural selection.

1. Mutation — generates variability within a
population.

2. Genetics — Heritability or passing of traits to
the next generation.

3. Age of Earth is known — Thermonuclear
decay gets factored in!

4. DNA structure is known — The double helix
with semi-conservative replication.

Modes of selection on a heritable quantitative character.
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Modes of selection on a polymorphism
consisting of two alleles at one locus
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The decline and fall of the dark melanic form
of the peppered moth due to less air pollution.

Black-bellied Seedcrackers (Pyrenestes)

« Live in marshes in W. Africa

« Eat seeds, primarily of two plant species

+ One seed type is small, the other type is large
« Bill dimorphism reflects the effects of
disruptive selection

MNumber of birds
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Width of kower bill {mm)

Example of heterozygote disadvantage or
underdominance in mimetic butterflies

Heligonins Helicouins
melpomene erato




Frequency-dependent selection
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An inverse frequency-dependent polymorphism
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Components of natural selection that may affect the
fitness of a sexually reproducing organism

ZYGOTES
5. Compatibility 1. Viability selection
selection
GAMETES ~ ADULTS
Females Males
4. Gametic
selection ‘ -
2. Sexual selection
3. Fecundity PARENTS

selection




TABLE 12.1 Components of selection in lly rep ing
(Part 1)

L. Zygotic selection
A. Viability. The probability of survival of the genotype through each of the ages at
which reproduction can occur. After the age of last reproduction, the length or prob-
ability of survival does not usually affect the genotype’s contribution to subsequent
generations, and so does not usually affect fitness.

B. Mating success, The number of mates obtained by an individual. Mating success is
a component of fitness if the number of mates affects the individual’s number of
progeny, as is often the case for males, but less often for females, all of whose eggs
may be fertilized by a single male. Variation in mating success is the basis of sexual
selection.

C. Fecundity. The average number of viable offspring per female. In species with
peated tion, the contribution of each offspring to fitness depends on the
age at \\']ﬁ(‘T} it is produced (see Chapter 17). The fertility of a mating may depend
only on the maternal genotype (e.g., number of eggs or ovules), or it may depend on
the genotypes of both mates (e.g., if they display some reproductive incompatibility).

TABLE 12.1 Components of selection in lly reproducing org.
(Part 2)
1. Gametic selection
. Segregation advantage (meiotic drive or segregation distortion). An allele has an

advantage if it segregates into more than half the gametes of a heterozygote,

carries.

E. Gamete viability. Dependence of a gamete’s viability on the allel
tilization success. An allele may affect the gamete’s ability to fertilize an ovum
, if there is variation in the rate at which a pollen tube grows down a style).

Adaptations

Broad definition: a trait that enhances fitness, relative to
other traits.

Narrow definition: a trait that evolved under natural
selection for its present function. Distinguishes from...

Preadaptations - existing traits that happen to serve
a new function.

Exaptations - traits that are co-opted to serve a new
function.




Preadaptations Exadaptations
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Adaptation — Generated by natural
selection on whole organisms.

1. Not a function of mutation, migration, or
genetic drift!

2. Hypothesis testing — Giraffe’s Neck
reconsidered.

3. Phenotypic Plasticity is a factor.

4. Adaptive Radiation driven by habitat.

Hypothesis testing — Giraffe’s Neck reconsidered.
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Classic Experimental Study of Adaptation:
The Sheep in Wolf’s Clothing

A Tephritid Fly Mimics the Territorial Displays of Its
Jumping Spider Predators

Erick GREENE, LArRY ]. Orsak, Dovcras W, WHITMAN

The tephritid fy Zonasemata vittigera (Coquillett) has a leg-like pattern on its wings
and a wing-waving display that her mimic the agonistic territorial displays of
jumping spiders (Salticid 7 flies initiate this display when stalked by
jumping spiders, causing the spiders to display back and retreat. Wing transplant
experiments showed that both the wing pantern and wing-waving displays are
necessary for effective mimicry: Z flies with planted house fly wings and
house flies with transplanted Zomasemata wings were attacked by jumping spiders.
Similar experiments showed that this mimicry does not protect Zonasemata against
nonsalticid predators. This is a novel form of sign stimulus mimicry that may occur
more generally.

Science. 1987. 236:310-312.

A agcmc e
A 5o Ha W W]

Housefty with  Housafly

untruated with awn with hewsally  Zoncsemats  untreated
wingscutand  wings wings
roghsd
Purpose  TesteMectol  Controlfor Toestefioctol  Testefectol  Testeffect of
wng markings  eMects of wing waning wing markings  no wing
phus wing operation withcut wing  withcut wing  markings and
waving markings warving 1 wiring

Predictions under Hypothesis 1: Mo mimicry
Jumping tpider will:  Attack Atack Attack Atack Atk
Crther prodator wil:  Atiack Attack Attack Attack Atk

Predictions under Hypothesis 2: Mimery deters other predators

Jumping spidor wil:  Attack Attack Attack Attack Attack
Other preciator wil:  Rtreat Fatreat Attack Attack Attack
Predictions under Hypothesis 3: Mimicry deters jumping spiders

Jumping spider wil:  Rotreat Fstroat Attack Attack Anack
Othar preciator wil:  Attack Attack Attack Astack Antack
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Tephritid flys are mimics
of salticid spiders.

Significance: adaptation of
both phenotypic and
behavior responses.

The wings of these flies carry a
distinctive pattern that definitely looks
like the legs of a crouching salticid.

In addition, these flies exhibit the
behavior of continuously move their
wings up and down.

Phenotypic Plasticity
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Phenotypic plasticity and population differences in shell thickness in Littoring obtusars  Each
plot shows the relationship between shell thickness and overall size {shell length) for snatls reared in the lab in the pres-
{filled symbok and solid lines) or absence (open symbob and dushed lines) of crsbs.  Plot (3) s for snails collected
fros & population that natarally suffers crab predation;  plat {b) is for snails collected from a popalation that does not
naturally suffer crab predation. In both populations, larger shells are thicker. In both populations, shell thickness i pheno-
ally plastic: Snaibs reared with crabs have thickes shells fo zc. Monctheless, the snails from the popalation ror.
ally expased to crabs have thicker sh . thans snails from the population not normally exposed
10 crabs. To see this, mote that the best-fit lines have different yeinkercepts, From Trussell (1996),
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Nature. 2000. 403:37-38.
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Adaptive radiationina
heterogeneous environment
Paul B. Rainey & Michael Travisano

fences, Liniversity of Ongfard, South Purks Road,

Sucoessive adaptive radistions have played # pivotal role in the
evobution of biological diversity'’. The effects of aduptive radia-
tion are often seen™™, but the undedying couses are difficuls 1o
disentangle and remain unclear ", Here we exsming directly
thee role of i > ity and iticn i driving
gemetic diversificalion. We use the comman acrebic bacteriom
Psewdomonas fluorescens', which evolves rapidly under novel
environmental conditions to generate a large repertoire of
mutants' ", When provided with ecological opportunity
(afforded by spatial structure), identical populations diversify

phologically, but when ecological opp ity s restricted
there is no such divergence. In spatially structured environments,
the evolution of variant morphs follows a predictable sequence
and we show that competition among the newly evolved niche-
specialise maintaing this variation. These results demonsteate
that the clementary provesses of mutstion and sefection alone are
suifficient to promete rapid proliferation of new designs and
support the theory that trade-offs s competitive abillty deive
adaptive radbation’™",

Nature. 1998. 394:69-72.

Heterogeneous Environment:
Media not shaken or stirred!

Every Adaptive Trait Evolves
from Something Else

1. Example: Mammalian inner ear.
2. Example: 1gG originates from transposon events.
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Implications of transposition
mediated by V(D)J-recombination
proteins RAG1 and RAG2 for origins
of antigen-specific immunity

Adcs Agrawal', Quinn M. Esstman! & Duvid G. Schata:

Nature. 1998. 394:744-751.
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