Life History
Strategies

Evidence of Tradeoffs in Placental Mammals
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* longer parental care = lower fecundity

Definition:

An individual's pattern of allocation,
throughout life, of time and energy to various
fundamental activities, such as growth, repair
of cell and tissue damage, and reproduction

Dandelion & Oak

“Should I breed or should I grow.."
A ‘clash’ of objectives ...
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“Seven Sisters Oak" in Lewisburg, Lousiana
-circumference 11.27 m (37ft 2in)

crown spread 45.72 m (150 ft)

+est. age > 1,000 yrs




Albatross

Life phases ...

+ Matures ca. 8 years + Only lays one egg

+ Doesn't breed each year *+ May raise up to 21 chicks
+ Breeds on islands (no pred.) + Very long lived
7
Bobwhite Quail

LH General Questions...

* What are the trade-offs & constraints
under which evolution operates?

* Given these, what is the optimal strategy

* Mature in 15" year + Can live 5-6 yrs to adopT’)
* Nest as pair in spring but most survive <1 yr
- 12-25 eggs/clutch * Many predators (snakes, s

- renest easily raccoons, owls, armadillos,
+ Form 'covey' in fall possums)
- over-winter + Prefer disturbed habitat
- group defense - stay within < 50 hectares
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+ Diversity

+ Environmental change Specific Questions

+ "Odd" phenomena (e.g. haplodiploidy, sex change,

. . -
huge eggs, dwarf males) Why do organisms age and die:

* How many offspring should an individual
produce in a given period of time?

* How big should each offspring be?




Why Do Organisms Age & Die?

late life decline in an
individual's fertility &
probability of survival...
i.e reduces fitness

... should be opposed
by ns

Rate of Living Theory makes 2 predictions:

1. the aging rate should be correlated with
metabolic rate

2. species should not be able to evolve longer life
spans (by NS or artificial selection)
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Monotremata = Spiny anteaters, platypus M et C(b o l ic R ate
Primates = Lemurs, monkeys, apes
Rodentia = Rats, mice, squirrels, capybara

Scandentia = Tree shrews.

* Rate-of-Living Theory
e Evolutionary Theory

Tubulidentata = Aardvark n =164
Austad & Fischer 1991
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* engineered lab skin cultures to express high levels of
telomerase

-> prevent telomere loss & increase life span by 20
additional cell divisions (Bodnar et al. 1998)

Telomerase
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Figure 2: The human telomerase ribonucleoprotein complex

Paradox - ns can lead to longer life spans & the physiological
mechanisms exist for longer life, why does it not do this?

* Cumulative effect of cell division...
Evolutionary Theory of Senescence offers 2

mechanisms to resolve this paradox:

Failure to repair damaged parts...

1. ... is due to deleterious mutations (Mutation
Accumulation H° )

Karyogram &

2. ...is due to tradeoffs between repair &
reproduction (Antagonistic Pleiotropy H°)

Telomere shortening is associated with senescence
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Antagonistic Pleiotropy Hypothesis

* A mutation affecting 2 different life history
characters

* Involves tradeoff between reproduction early in life
and survival late in life

e.g. Age-1 gene in Caenorhabditis elegans (Walker et al. 2000)
mutation hx546 increases life span by ca. 80%

otherwise appears hormal

* reared pops with ample food
* established 2 pops with starting freq of 0.9,0.5 & 0.1
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Gryllus firmus Wing Polymorphism
N “‘/“‘ * well developed wings

[ * large flight muscles
* lots of stored triglycerides

* Ovaries develop slowly => low fecundity
early in life

Long-winged female

* wimpy wings & flight muscles
* |td triglycerides

< * Ovaries develop quickly => high fecundity

. early in life
Short-winged female

Tradeoff -- Early reproduction vs Dispersal
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Collared Flycatchers -- Gustafsson & Pdrt (1990)
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Empirical test: Parus major in Wytham Woods
4,489 clutches from 1960-1982
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Specific Questions

* Why do organisms age and die?

* How many offspring should an individual
produce in a given period of time?

* How big should each of fspring be?

Fundamental constraint
Size vs Number

Lack's H° on the evolution of clutch size
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Example: Tradeoffs in Size & Number

0.15-0.3g

Heath et al 2003. Rapid evolution of egg size

in captive salmon. Science 299:1738-1740

Orgahisms sometimes evolve Phenotypic Plasticity
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Seed beetles -Stator limbatus
(reared on > 50 seed types)
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Do females shift
egg size when
on different host

Host
e good host
o poor host

Egg # vs size
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Large eggs are adaptive on poor hosts....

Manipulation expt:

on Cercidium survival of small egg 0.3% vs large 24%
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Testing predictions in the real world...

Female size (mm)
>

Male size (mm)
>
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High heritabilities -->
introduction experiments should
rapidly produce the optimum
phenotype

A prediction of life history theory...

Reduced adult survival will select
for earlier maturation & increased
reproductive effort while an

increase in juvenile mortality will o«

favor the opposite pattern

1%

1976 transplant exp*t
Crenicichla > Rivulus area
(11 yr; 30-60 generations)

Reznick et al (1990) Experimentally
induced life-history evolution in a
natural population. Nature
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