Biology Essential Concepts – Evolution 

Obj 1 Define evolution

Evolution: the change in a population over time.  (Note: individuals do not evolve.)

Obj 2 Describe and give examples the main points of Darwin's theory of natural selection

· There is variation within populations, many of which are inherited.

· Some variations are favorable and improve an organism's ability to function and reproduce

· More young are produced in each generation than can survive.

· Those that survive and reproduce are those with favorable variations

· Over time, changes accumulate and populations change

In popular terms, Darwin's theory is referred to as "survival of the fittest."

Obj 3 Describe how the fossil record supports evolution

Fossils offer the most direct evidence of evolution.  A fossil is the preserved or mineralized remains or imprint of an organism that lived long ago.  Fossils, therefore, provide an actual record of Earth's past life-forms.  Change over time (evolution) can be seen in the fossil record.  Fossilized species found in older rocks are different from those found in newer rocks and fossil intermediaries have been found between many groups of organisms, for instance between fishes and amphibians, between reptiles and birds, and between reptiles and mammals.

Obj 4 Summarize how biological molecules are evidence of evolution

Comparing the similarities and differences in proteins and nucleic acids (DNA), scientists can estimate relatedness and how recently two species shared a common ancestor.  Species that shared a common ancestor more recently (for example, humans and gorillas) have few amino acid sequence differences.  Those species that share a common ancestor in the more distant past (such as gorillas and frogs) have many amino acid sequence differences.

Obj 5 Infer how comparing anatomy and development of living species provides evidence of evolution

Comparisons of the anatomy of different types of organisms often reveal basic similarities in body structures even though the structure's functions may differ.  For instance, as different groups of vertebrates (animals with backbones) evolved, their bodies evolved differently, but similarities in bone structure can be seen.  This suggests all vertebrates share a relatively recent common ancestor.  

Homologous structures are structures that share a common ancestry.  The bones of the forearm of an alligator, the wings of bats and birds, and the arm of a human are homologous structures and are remarkably similar.

Furthermore the embryos of all vertebrates have homologous structures: a tail, buds that become limbs, and pharyngeal pouches (which become gills in fish and throat structures in humans).

Obj 6 Describe the processes that lead to speciation

One definition of a species is an interbreeding group of organisms that can produce healthy, fertile offspring.  When natural selection modifies a population to the point that the changed organisms can no longer breed with members of the original population, or when selective pressures result in avoidance of interbreeding due to the production of less fit offspring, a new species may result.  When one or more new species branch off from a single ancestor species, speciation has taken place.

Obj 7 Compare and contrast divergent evolution, convergent evolution, and coevolution

One situation that may result in a new species is the splitting and isolation of populations.  If a population is split and individuals from the separated populations are unable to interbreed, they will likely experience different mutations and recombinations and evolve separately, a process called divergent evolution.  If they are separated long enough they may become so different that they cannot or will not interbreed even if reunited.  They become reproductively isolated and are considered different species.

When different types of organisms evolve similar characteristics, it is called convergent evolution.  Cacti (desert plants from North America) and some euphorbias (desert plants from Africa) have both adapted to harsh arid climates and have evolved similar characteristics, like thick photosynthetic stems and protective needle-like "prickles."  

Coevolution is said to occur when different species evolve in response to one another.  An obvious example is that of flowering plants and pollinating insects.  Some plants evolved showy, fragrant flowers and nectar rewards for animals that visited their flowers (and thereby transferred pollen) and pollinating animals evolved specialized feeding structures that resulted in their being better able to take advantage of the flower rewards.  Many plant species are dependent on animal pollinators for survival, and many animals are dependent on flowers for survival.  Mimicry (in which one species has evolved to look like another) is another of many examples of coevolution.  

