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Lecture 7
Evolution of Life History Strategies
Consider the following life history patterns: 

1. After spending 5 years feeding in the open waters of the North Pacific, a salmon enters a river and without eating swims some 2,000 up stream to a tributary. During the journey it has digested its muscles and organs. It mates, spawns its eggs and dies. 

2. A Red Kangaroo in the Australian desertcares simultaneously for three young at different developmental stages. Oldest has left its mothers pouch, the second is attached to a teat in the pouch and the third is at the stage of a fertilized egg, unattached to the placenta (where it will remain for 204 days). 

3. A mayfly egg hatches in a small stream. After feeding a few weeks, the nymph swims to the surface and hatches into the first adult stage. The winged form flies off and conceals itself in the vegetation along the stream. It sheds its skin in a few hours and becomes a sexually mature adult. Shortly thereafter both sexes flies over the water and mate. Then, the female lays her eggs on the surface of the water – both sexes then die. 

4. A bamboo plant reproduces vegetatively (asexually) for 100 years. Along with other individuals, it forms dense stands of plants. Then in one season, all the individuals in the population flower simultaneously, reproduce sexually and die. One hundred years later the process is repeated. 


These examples serve to point out that there exists a wide array of life history patterns among plants and animals.

Life history traits are those traits or combination of traits that are directly or indirectly-related to the reproductive success of an individual and are assumed to represents an adaptive response to the organisms environment.

The major assumption of this theory is that life-history traits evolve to maximize fitness (i.e. genetic representation in the next generation), within the constraints imposed by development and/or genetic limitations.
Fitness = number of offspring in next generation. 

Arguments of this theory are grounded in the assumption that there are trade-offs. Traits represent the "optimum" state and represent a compromise between "costs" and "benefits". 

Note: potential lag time between environmental change and genetic response. 

Key life-history traits: 

alpha = first age at reproduction 

m(x) = age-specific fecundity, or brood size (b).

size of offspring, represents investment per offspring.

Summation of above referred to as reproductive effort, RE, which involves age distribution of RE (when and how much).

Theory assumes a cost to reproduction in terms of:


Physiological cost - survivorship (proximate)


Evolutionary cost – current reproduction 


Effects future reproduction – possible fitness (ultimate)

To help, understand arguments need to know about Reproductive Value (RV). 

RV of an individual, give a specified l(x) and m(x) schedule, indicates the relative contribution of a females offspring to the next generation.

RV is a measure of the reproductive contribution at different ages through an individuals lifetime.

RV can be decomposed into two parts:


RV= current reproduction + future expected reproduction (or residual reproductive value).

RV of an individual at any given age will depend on the rate at which the population is growing or declining.

If the population is stable (r=0, or increasing (r>1) then RV will decrease past the age of first reproduction (alpha).

For a population with discrete, overlapping generations, RV is defined as the value of an individual relative to an individual at birth (values range from 0 to >1.)

RV=Vx= sum (lx+1/lx) (mx) (Nx/Nx+1);

where, 

lx = age-specific survivorship 

mx= age-specific birth rate 

N= population size

x = age

The equation represents the relative reproductive value (genetic) contribution of an individual at age x. Value is dependent on 3 factors: lx+1 (probability of survival to future age classes), age-specific expected reproduction (mx) and population size. 

Low probability of survival should result in low reproductive value since the individual is not likely to live to reproduce. Similarly, a low reproductive rate (mx) means the individual will not contribute many genes.

As for population size: in a declining population, where Nx/Nx+1> 1 then RV will increase. A female that contributes to a declining population will make a greater proportional contribution (e.g. condors). However, in an expanding population the contribution made later will contribute less to the population. 

Simply put: an equivalent number of offspring produced earlier in an increasing population will make a great contribution to the future population than the same number produced later. 

Example of the interaction between alpha, m(x)and with r > 0. 

(see handout) 

For consideration of reproductive life histories we can often assume that the population size is constant, i.e. Nx/Nx+1= 1. We can separate current and future reproductive values of an individual by modifying our earlier equation to read: 

Vx=mx+ sum(lx/lx+1)(mx+1)(Nx+Nx+1),

mx = current reproductive value, and the rest represents residual reproductive value.

Curve of Vx versus age 

The concept of reproductive value is central to the evolution of life history strategies. It is assumed that organism can apportion the energy available to reproduction in many ways which will result in different shaped Vx curves. Selection however should result in Vx curve that selects for the greatest area under the curve, i.e., those whose total reproductive value will be highest. 

(see handout Fig. 1) 

Why is there senescene? 
First let’s consider how natural selection works.

For r=0, r>0 and RV declines with age.

Intensity of Selection

(See handout fig 2)

Intensity of selection is a measure of how many of your gene(s) are represented in the next generation.

Selection for favorable traits will be pushed to earlier ages (towards alpha) where RV is highest.

Curve of RV over time. Example: where r>0, Australian women (1911). Example of how selection works.

RV

(see handout fig 3)

If individuals which have a favorable trait (i.e. promotes vigor i.e. rapid growth) that is expressed at this time then these traits will be passed on in high numbers.

If individuals which have a favorable trait (i.e. promotes vigor, i.e. longevity) which is expressed later at B then these traits will be passed on in low numbers.

Now let’s link RV with an explanation for the evolution of senescence (i.e. death resulting from physiological old age).

Most organisms do not senesce but rather die as a result of predation. Interestingly, if protected from predators they too die at a fixed age.

Two ideas about senescence: 

1. antagonistic pleiotropy – effects of genes early in life are favorable but detrimental later in life. Positive effect early negative effects later. 

mutation effects – accumulation of deleterious mutations over time. 

Mutations in individual vs Time  (see handout fig 4)

While there is evidence for both, antagonistic pleiotropy seems to be more important - if "good genes" present in early life but have negative effects later in life there will be little selection against their expression if RV is low or 0. 

human mortality curve

q(x) 

(See handout Fig. 5)

vs Time 

Where RV declines q(x) goes up.We can expect q(x) to increase after w (last age of reproduction) but may not be immediate - why?

q(x) (See handout fig 6) vs RV 

This pattern may explain why females live slightly longer than males. 

Females - w ~45 years,

Males - w ~ 60+ (See handout fig 7)

Should note that humans are not undergoing much selection at present, patterns may change. For example delaying alpha, lowering fecundity may lead to greater contribution of traits which may appear later in life.

Why juvenile mortality? 
Might expect selection to favor abandonment or death of genetically defective offspring because of high cost of parental investment or, for invertebrates and fish, premium may be on high numbers of small offspring favoring effective dispersal therefore investment/young low, high mortality is unavoidable consequence of low investment per offspring.

We might expect that if RV increases with age then senescence will not occur or will be much delayed. This may happen when m(x) is correlated with size, e.g. redwood tree, massive coral colony. RV may increase with age/size if r= or >0 in population,

m (See handout fig 8) vs size

evidence RV increases with age correlated with size of clone

P(x) vs. time (see handout Fig 9) no evidence of senescence

examples of the evolution of senescence
Sokal (1977) - Tribolium (flour bole weevil)

Two strains: 

1) breed only a few days after becoming an adult.

2) breed after two weeks as an adult.

Result: after 40 generations, longevity of strain

1) was significantly lower than strain 

2). Late - acting deleterious genes not selected against in early breeders.

Luckinbill (1984) - Drosophila eggs laid late, fecundity and longevity higher.

Senescence can be expected to evolve more readily in rapidly growing than in slow growing populations.

Example of differential selection. If deleterious traits are expressed during reproductive period they will be selected against.

Huntington's Chorea - a fatal genetic disorder not expressed until age 30 -40 years of age. Net reproductive rate for individuals with the disease is 1.038 vs. general population of 1.0485. A small but significant difference that after a time should select against this trait. 

High rate of disease in islands off northern Venezuela - due to high rate of inbreeding.

