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Evolution

Biological evolution is change in an organism over time that involves descent through genetic inheritance.  This definition encompasses small-scale evolution (changes in gene frequency in a population from one generation to the next) and large-scale evolution (the descent of different species from a common ancestor over many generations). Evolution helps us to understand the history of life.

The central idea behind evolution is that all life on Earth has a history — it has changed over time — and that different species share common ancestors.  This means that all living things are distantly related, whether we are oak trees, bugs, cats or humans.
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By studying inherited species' characteristics and other historical evidence, we can reconstruct evolutionary relationships and represent them on a "family tree," called a phylogeny.  Phylogenetic trees, represent a hypothesis about the relationships among organisms. It illustrates the idea that all of life is related and can be divided into three major clades, often referred to as the three domains: Archaea, Bacteria, and Eukaryota.

The tree is supported by many lines of evidence, but it is probably not flawless. Scientists constantly reevaluate hypotheses and compare them to new evidence. As scientists gather even more data, they may revise these particular hypotheses, rearranging some of the branches on the tree. For example, evidence discovered in the last 50 years suggests that birds are dinosaurs, which required adjustment to several "vertebrate twigs."

Life began 3.8 billion years ago, and insects diversified 290 million years ago, but the human and chimpanzee lineages diverged only five million years ago. How have scientists figured out the dates of long past evolutionary events? Here are some of the methods and evidence that scientists use to put dates on events:
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	1. Radiometric dating relies on half-life decay of radioactive elements to allow scientists to date rocks and materials directly.
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	2. Stratigraphy provides a sequence of events from which relative dates can be extrapolated.
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	3. Molecular clocks allow scientists to use the amount of genetic divergence between organisms to extrapolate backwards to estimate dates.


Descent with Modification

Evolution has been defined as descent with modification from a common ancestor, but exactly what has been modified? Evolution only occurs when there is a change in gene frequency within a population over time. These genetic differences are heritable and can be passed on to the next generation — which is what really matters in evolution: long term change.

Compare these two examples of change in beetle populations. Which one is an example of evolution?

1. Beetles on a diet


Imagine a year or two of drought in which there are few plants that these beetles can eat. 

All the beetles have the same chances of survival and reproduction, but because of food restrictions, the beetles in the population are a little smaller than the preceding generation of beetles.

2. Beetles of a different color

Most of the beetles in the population (say 90%) have the genes for bright green

 coloration and a few of them (10%) have a gene that makes them more brown. 

Some number of generations later, things have changed: brown beetles are more common than they used to be and make up 70% of the population.

The difference in weight in example 1 came about because of environmental influences — the low food supply — not because of a change in the frequency of genes. Therefore, example 1 is not evolution. Because the small body size in this population was not genetically determined, this generation of small-bodied beetles will produce beetles that will grow to normal size if they have a normal food supply.

The changing color in example 2 is definitely evolution: these two generations of the same population are genetically different. But how did it happen?

Mechanisms of Change:

Mutation:

A mutation could cause parents with genes for bright green coloration to have      offspring with a gene for brown coloration. That would make the genes for brown beetles more frequent in the population.

 Mutations are any changes in an organism’s DNA.  Mutations are random, and not all mutations matter to evolution.  Somatic mutations, or those that occur in the body cells are NOT passed on to offspring.

Gene Migration (Gene Flow):

Some individuals from a population of brown beetles might have joined a population of green beetles. That would make the genes for brown beetles more frequent in the green beetle population.  

The amount of gene flow that goes on between populations varies a lot depending on the type of organism.  More sedentary organisms have less gene flow than those that are more mobile.

Genetic drift:
Imagine that in one generation, two brown beetles happened to have four offspring survive to reproduce. Several green beetles were killed when someone stepped on them and had no offspring. The next generation would have a few more brown beetles than the previous generation — but just by chance. These chance changes from generation to generation are known as genetic drift.

Natural selection:
Imagine that green beetles are easier for birds to spot (and hence, eat). Brown beetles are a little more likely to survive to produce offspring. They pass their genes for brown coloration on to their offspring. So in the next generation, brown beetles are more common than in the previous generation.

All of these mechanisms can cause changes in the frequencies of genes in populations, and so all of them are mechanisms of evolutionary change. However, natural selection and genetic drift cannot operate unless there is genetic variation — that is, unless some individuals are genetically different from others. If the population of beetles were 100% green, selection and drift would not have any effect because their genetic make-up could not change.

Co-Evolution:

The term coevolution is used to describe cases where two (or more) species reciprocally affect each other's evolution. So for example, an evolutionary change in the morphology (shape or structure) of a plant, might affect the morphology of an herbivore that eats the plant, which in turn might affect the evolution of the plant, which might affect the evolution of the herbivore...and so on.

Coevolution is likely to happen when different species have close ecological interactions with one another. These ecological relationships include:

1. Predator/prey and parasite/host 

2. Competitive species 

3. Mutualistic species (both species benefit)

Plants and insects represent a classic case of coevolution — one that is often, but not always, mutualistic.  Many plants and their pollinators are so reliant on one another and their relationships are so exclusive that biologists have good reason to think that the "match" between the two is the result of a coevolutionary process. 

Convergent Evolution:


Sometimes groups of different organisms exist that look similar to one another.  This is known as convergent evolution.  Convergent evolution occurs because organisms face similar environmental demands as other organisms.  

Older Theories:


Before Darwin’s time, others believed that organisms changed over time and tried to explain this change.  Jean-Baptiste Lamark is probably the most famous of these.  Lamark’s theory proposes that by selective use or disuse of organs, organisms acquired or lost certain traits during their lifetime.  These traits could then be passed onto their offspring.  Over time, this process led to change in a species.


He also proposed:

1. All organisms have an innate tendency towards complexity and perfection, so they are always changing.

2. Use and Disuse:  if an organism used its body in new ways, it would develop new characteristics, such as wings, or lose old characteristics, such as front feet.

3. Inheritance of acquired traits:  Lamark believed that any acquired characteristics could be inherited.  For example, a person who worked out and had large muscles could pass those muscles onto their child.

Although Lamark’s theory was disproved, it was still important in that it paved the way for the theories of other scientists.

 *http://evolution.berkeley.edu/evolibrary/article/0_0_0/evo_33

