“Each living creature must be looked at as a microcosm, a little universe, formed of a host of self propagating organisms, inconceivably minute and as numerous as the stars in heaven.” 

Charles Darwin, 1868

Evolution – what is all the hoopla? The definition for evolution is simply ‘change – usually for the better.’  Each of us has experienced change throughout our lives.  Change can be seen in the differentiation and growth from the single celled zygote that was around so many years ago to the 100-trillion plus cells found in adult human bodies.  Change can be seen as the toddler learns to walk, run, and eventually drive a car.  Change of attitude during the early teen years due to the onset of puberty and the massive rearrangement of brain neurons usually changes parents’ attitudes about their cute little babies.  Change can be seen during the post-reproductive years when AARP starts sending notices about long-term care insurance and upcoming shuffleboard tournaments.     

But what is actually causing the furor in society is the concept of biological (or organic) evolution.  This evolution involves the change in gene frequencies within populations from generation to generation and can be depicted as a tree with millions and millions of branches.  The branches that stop before the top represent 99.9% of all species that have lived on this planet but are currently extinct.  The tips of the branches that actually reach the top represent those species that are currently alive and symbolize the biodiversity present on our planet today.  This is the evolution that the College Board wants taught to AP Environmental Science students.
Evidences of Evolution

The scientific method indicates that scientists will only start investigating an idea after developing an educated guess or hypothesis.  This hypothesis needs to take into consideration all current knowledge and then predict the probable outcome of an upcoming experiment. After running multiple experiments in the laboratory or in the field (fossil hunters) to confirm or disprove the hypothesis, the scientist will publish the results. Other scientists around the world interested in the same idea may retest the hypothesis and then publish their results.  After a significant number of scientists confirm the idea, a theory, not a fact, is developed that tries to mold all the outcomes into one coherent explanation of the data.  Sometime in the theory’s future, there may be valid experiments that do not fully agree with the theory and therefore the consensus is changed which results not in a demolition, but a remodeling of the theory.  Scientists have used the scientific method in a variety of ways all of which support the theory of evolution.

The Leakey Family, Donald Johanson and his Institute of Human Origins, and various others have collected evidence for evolution in their search for fossilized remains.  Fossils are evidences of past life that usually appear in layers of sedimentary rock. The fossils found in the top layers are from those organisms whose branches where closest to the top of the evolutionary tree, while those further down are from earlier locations on the branches.  This method of comparison is called relative dating. Another method uses radioactive isotopes found in the fossils or the surrounding rock.  Radioisotopes decay at a constant rate called a half-life in which 50% of the unstable material transforms into other atoms and various types of radiation during a specific amount of time. All living organic materials such as carbohydrates, proteins, and carbon dioxide (CO2) contain a specific ratio of radioactive (C-14) and normal (C-12) carbon atoms.  All living organisms maintain that C-14 to C-12 ratio due to the uptake of organic materials and growth. When fossilized remains are found, the C-14 to C-12 ratio can be determined allowing the calculation of the fraction of the C-14 remaining, which allows the age of the fossil to be deduced by the number of half-lives that have transpired.  For example, C-14 has a half-life of 5730-years so if only one-fourth of the original C-14 is present in the fossil; two half-lives or approximately 11460 years have elapsed since the death of the organism. 

Taxonomic classification involves organizing organisms into groups and giving them scientific names. Species initially were put into groupings based on whether they swam, climbed, or were red in color.  After Linnaeus (1707-1778), there was an emphasis on using more than one characteristic to decide on which taxonomic groups or taxa to put the species. Evolution as seen in the closeness of organisms’ common ancestor is now used to develop the taxa.  

One example of the interplay between taxonomy and evolution involves the use of comparative anatomy.  Two of the methods for determining taxa involve identification of organisms with homologous structures and with vestigial structures.  An example of homologous structures can be seen in the similar bone structure in the forelimb of fairly closely related organisms including humans, cats, whales and bats, but not in forelimb of less closely related organism like the cockroach.  Vestigial structures are those that are fully functional in some organisms like the hips and legs of humans while closely related organisms may only have remnants of those structures as in whales or boa constrictors.  In both cases, these organisms are related, but the degree of homology and amount of vestigial structures help determine how close they are in taxonomy and in the evolutionary tree.

In 1860, Charles Darwin told a friend “Embryology is to me by far the strongest class of facts in favor of change of forms." In 1838, Karl von Baer developed his law of animal development that states that structures present early in development are found many animals, but structures that develop later in a species are not found in as many other species. Genes that are involved in early development are conserved while those that make the species unique are turned on later during development thus differentiating that species from its closest relatives on the evolutionary tree.

Modern labs use DNA and protein similarities to identify where and when branching in the evolutionary tree took place. Organisms that are closely related share similar physical characteristic that are determined by the DNA. Conversely, organisms that share large percentages of their DNA are closely related.  All humans have essentially 100% identical DNA because all humans share essentially all the same genes with only small sequence differences which makes each person unique (0.001% total difference).  As the closest evolutionary branch to humans, chimpanzees have 98.5% similarity as they are the closest living species to humans while mice only share 92% of the same DNA.  As the branches of the evolutionary tree get farther away, the genetic similarity decreases as seen in the fruit fly (44%), yeast (26%), and some plant (18%). 

Causes of Evolution

Biological Evolution occurs due to four independent factors that act synergistically.  Mutations, genetic drift, the Founder effect, and natural selection act together to cause changes many times greater than any of the individual factors.  The advantages of a mutation resulting in the ability to flee faster or better will only be seen as evolution if natural selection has that organism survive, breed, and pass the gene with the mutation to the next generation. The first three will be discussed in this section while natural selection or ‘the differential reproduction of individuals in the same population based on genetic differences among them’ will be described in a section about Charles Darwin.

Mutations are any change in DNA that may result in change in RNA expression that may result in change in protein expression that may result in a phenotypic change.  DNA mutations may be chromosomal or point mutations that result in deletions, substitutions, inversions or duplications. Silent changes involve base substitutions where a codon is changed without a change in the amino acid thus resulting in no phenotypic change. Nonsense mutations cause a change in the bases such that a stop sequence is inserted before the end of transcription or translation resulting in a loss of the expected protein.  Mutations may also affect the activity, stability, processing or regulation of proteins.  


In a continuous population, genetic novelty or gene flow can spread locally and may or may not lead to speciation or the formation of a new species.  Populations which are isolated from each other experience genetic drift which occurs due to mutations that result in an increasing difference in the gene pools of the populations.  Genetic drift is more likely to form new species as evidenced by the discontinuous populations of the Kaibab and Albert squirrels on the North and South rims of the Grand Canyon, respectively.  Due to the interrupted, independent genetic flow allowed by the geographical separation, the two groups of squirrels eventually drifted far enough apart genetically to became separate species.  

When a new population is formed, its genetic composition depends largely on the gene frequencies within the group of first settlers.  This sampling bias that occurs during immigration is known as the Founder effect.  The finches of Galapagos Islands of Ecuador were some of the first birds to settle the islands and the predominant birds on the island are the descendents of those finches.  Likewise Native Americans are genetically similar to Asians as opposed to Europeans or Africans as the tribes that crossed over into the Americas during the Ice Ages had to originate near the Bering land bridge.  

Charles Darwin and Natural Selection 

Charles Darwin was born in 1809 into a wealthy English family.  As a young man, he decided to follow in his father’s footsteps by studying medicine, but after a short period of intensive schoolwork decided to try the field of theology, which soon gave way to an interest in botany.  An influential professor at Cambridge encouraged the 22-year-old to sign up to sail on the H.M.S. Beagle.  The Beagle and crew were slated to sail for three years surveying the South Seas with most stops located in South America and the Galapagos Islands. Darwin’s job as the naturalist on board was to collect, and classify plants and animals. While on the Galapagos Islands, Darwin observed species that lived nowhere else in the world such as the finches, giant tortoises, and marine iguanas. While sailing between stops, he read Lyell's Principles of Geology that suggested that fossils found in rocks were evidence of animals.  The observations on Galapagos and Lyell’s suggestions guided Darwin to develop an idea about the origin of species.  Darwin pondered these ideas for the next twenty years until Alfred Russell Wallace who had similar ideas approached him. In 1858, the two presented their findings at the Linnean Society meeting in London.  Charles Darwin finished writing his book On the Origin of Species by Means of Natural Selection that was published the following year. 

The conclusions of the book were that species were not created in their present form, but evolved from ancestral species and that this evolution occurred by a mechanism Darwin called natural selection.  Natural Selection has five premises:
1. Most species produce more offspring than can be supported by the environment

2. Environmental resources are limited

3. Most populations are stable in size

4. Individuals vary greatly in their characteristics (phenotypes)

5. Variation is heritable (genotypes)

The underlining theme is that different individuals in the same population have varying degrees of success in reproducing based on genetic differences.  Those with genetic differences that are suited to the current environment will successfully reproduce, have offspring, and pass on their genes.  Those individuals whose genetic differences do not suit the current environment will die and will not pass on their genes.  The distinction between the two groups of individuals is called differential reproduction. 

Differential reproduction results in the predominance of certain genes and therefore certain phenotypes.  Typical populations have a normal curve for each phenotype where some individuals have extreme characteristics, but most are between the extremes.  Stabilizing selection occurs when under certain environmental conditions, the extreme phenotypes are not favorable and therefore those individuals in the extreme region will die and their genes do not continue in the population.  Directional selection involves removal of the genes and individuals from one of the extremes and therefore pushes the particular phenotype towards one end of the spectrum.  Whereas diversifying or disruptive selection somehow selects against those in the middle of the normal curve therefore favoring the genetic variants of the extreme phenotypes

Sometimes reproductive barriers exist that impede two species from producing fertile and/or viable offspring.  This can involve pre-zygotic (fertilization of the egg by sperm) or post-zygotic barriers.  There are five types of mechanisms that deter the fertilization of the egg.  The first involves temporal isolation where breeding occurs at different times for different species – two different plants in which the stamen and carpal mature at different times thus eliminate any possibility of natural fertilization.  The second involves habitat isolation where the two individuals live in different habitats.  An example involves lions and tigers that live on different continents, but which under artificial conditions produce fully viable offspring.  This hybrid is either a liger, which is a hybrid cross between a male lion and a female tiger or a tigon, which is the hybrid between of a male tiger and a female lion and is not as common.  Certain groups have behavioral isolation where different innate behaviors result in little or no sexual attraction between species.  The mating ritual of the blue-footed boobies involves the showing off their blue feet.  Mechanical isolation prevents reproduction because the reproductive structures are not complementary.  Lastly, gametic isolation involves an inability of the sperm to fertilize the egg, which may be because the eggs sperm-receptor does not allow attachment of sperm to ova.

There are four types of post-zygotic barriers.  Hybrid inviability involves hybrid zygotes that do not mature or adults who do not sexually mature. Hybrids of sheep and goats die in the early stages of embryonic development.  The mule is an example of hybrid sterility where the hybrids mature to adulthood, but are not able to produce functional gametes.  Hybrid breakdown is more common in plants than animals and involves offspring of hybrids are weak or infertile.  Cotton plants hybrids will die before or shortly after germination, or form fragile plants that do not survive.

Speciation

One of the definitions of speciation originated in the early 20th century through the independent work of David Starr Jordan and Ernst Mayr.  They first stated, “Speciation begins when a single species becomes geographically separated into two populations. Individuals cannot travel between the populations, preventing the two populations from interbreeding.”  Second, “because the two populations cannot exchange genes, and because they may be subject to different environmental conditions, they slowly evolve differences.”  Third, “eventually the two populations become different enough that they do not interbreed even if they come into contact (in other words, they are 'reproductively isolated'), and are therefore separate species.” There are occasional problems with this definition as evidenced by the ring species such as the herring gulls.  Starting in Great Britain, the white gulls will mate with gulls from eastern America and so on westward around the Arctic until Norway.  Here the gulls have black markings and will not breed with the white gulls of Great Britain.

The two theories that attempt to explain speciation during evolution are the phyletic gradualism model and the punctuated equilibrium model.  The major difference between the two is how they interpret gaps in the fossil record. Gradualism indicates that mutations, phenotypic changes and speciation are gradual and that the fossil record gaps are simply due to the difficulty in finding fossils.  Punctuated equilibrium says that over long periods of time, mutations simply accumulate but do not cause any drastic phenotypic changes resulting in speciation because niches may have become unavailable.  Then due to some short-term change in the environment these mutations are expressed as new species, thus accounting for the lack of transitional fossils in many phylogenic branches. Charles Darwin was the author of the phyletic gradualism model while the paleontologists Niles Eldredge and Stephen Jay Gould introduced the idea of punctuated equilibrium in 1972.  Evidence supporting the punctuated equilibrium model can be seen in the huge increase of species at the end of the Mesozoic period and at beginning of the Cenozoic period.

There are many plot lines in these theories of evolution.  One involves adaptive radiation in which numerous novel species form branches from a common ancestor introduced into new and diverse environments.  This phenomenon is a subplot of the founder effect mentioned earlier.  This can be seen in the multitude of species that have radiated from the original finches as seen in the Darwin Finches in the Galapagos or as the Honeycreepers in Hawaii.  Another plot line involves two distinct evolutionary branches that fit into the same niche.  Convergent evolution occurs when two unique species develop similar characteristics under similar conditions in completely different locations.  Examples include the large flightless Ostrich of Africa and the Emu of Australia; the sidewinder of the Mojave Desert in the United States and the horned viper from stony deserts in the Middle East region; and the development of five-plus different mechanisms of vision.  A third plot line involves the intertwining of evolutionary branches like the trunks of Ficus trees.  Coevolution of symbiotic organisms occurs when one species acts as a selective force on a second species inducing the selection of an adaptation that acts as selective forces on the first species.  Examples include predator – prey relationships such as the wolf and the moose, the mutualistic relationship found in Acacia trees and their ants, the yucca plants and moths, mycorrhizae, and lichens.  The final plot line involves extinction that will open niches for new species.  Extinction occurs when a species ceases to exist either globally like the passenger pigeon and the dodo, or locally as in the 1916 killing of the last grizzly bear in the Los Angeles National Forest.  

Symbiosis

Symbiosis is probably one of the most misunderstood words in science.  Symbiosis was first defined in 1879 by H.A. DeBary as “unlike organisms living together” whether it involves positive, negative or neutral interactions. Organisms that are in these relationships have coevolved so that their relationship is the most beneficial or least harmful as possible. The first type of symbiosis to be discussed will be mutualism, which is the term that actually means that both species benefit.  Commensalism indicates that one species benefits while the other is unaffected.  Parasitism occurs when one species benefits and the other is harmed and/or killed.  Competition occurs when neither species benefits.  The last type of symbiosis involves the predator-prey relationship that is positive for one species only and will be discussed in more detail in the next section. 

Mutualism is a positive interaction between individuals of different species in which both partners benefit. Some of the advantages of forming a mutualistic relationship include increased birth rates, decreased death rates and increased carrying capacity.  Obligatory mutualism occurs when two species have coevolved and cannot survive without the presence of the other species.  Examples include the lichens, which are a combination of fungus and algae and the Yucca moth, which only eats the seeds of the Yucca tree while the only pollinator of tree is the moth.  Facilitative mutualism involves organisms that can be mutualistic, but can live independently as well.  The ants that protect plants from predation while deriving nutrients and a habitat are an example.

Commensalism is a term employed in ecology to describe a relationship between two living organisms where one benefits and the other is not significantly harmed or helped. One example includes organisms that attach themselves to another for transportation such as the eyelash mite that feed on the dead skin of humans and the remora that attach themselves to sharks and dine off the leftover scraps.  A second type involves using another organism for housing such as epiphytic orchids that grow in crooks of trees, or birds that nest in trees. The last includes hermit crabs that use cast off shells – this type involves an organism that uses something the first created even after the death of the first. 

Competition occurs between members of separate species (interspecific) or between members of the same species (intraspecific), but in both cases neither species nor individuals benefit.  The competition may occur due to exploitation in which the individuals share the same limited resource(s) or due to fighting, exhibition, or other damaging behavior.   Thus the species is not able to fill their potential fundamental niche leaving them with a less fulfilling realized niche.  An example involves wolves and coyote that live in the same territory with the wolf usually prevailing over the coyote.  

Parasitism occurs when an organism spends a significant portion of its life history attached to or inside a host organism.  Under normal parasitic symbiosis, the two organisms have coevolved such that the parasite will not harm the host by taking too many nutrients.  These parasitic relationships include tapeworms, flatworms, and roundworms that are commonly found in most animals including humans.  Parasitoids are the type of parasitic symbiosis that, ultimately kill and consume the host. Parasitoids are generally limited to arthropods such as parasitic wasps, which control populations of agricultural pests therefore being viewed as beneficial by humans.

Predator-Prey Relationships

The predator-prey relationship is a type of symbiotic relationship in which one organism benefits while the second has a negative experience because all or part of it is eaten.  The interacting species have coevolved such that any mutation in one leads to a positive adaptation in the second or that species may go extinct.  Predators that kill their animal prey include carnivores and omnivores while herbivores rarely kill the plant prey because they usually only remove parts of the plant. Predators have adaptations that allow them to detect, recognize, capture, and eat their prey. Animal prey have adaptations that allow them to avoid detection, avoid capture, disrupt capture or methods to avoid being eaten while plants have structural or chemical defenses against herbivores. Due to chance there will always be random groups of prey that predators do not find.

All or part of the predators’ sensory system can be used to detect prey.  The sensory system includes visual, olfactory (smell), auditory (hearing) and somatosensory systems (touch, pressure, etc.).  Some predators use their senses to directly detect prey, while others use indirect clues.  Vision in many predators is highly evolved as evidenced by binocular vision where the field of vision for each eye overlaps in the front.  This adaptation gives the predator better depth perception helping them catch prey moving at high speeds. Blue jays have been found to have a mental shape of their prey, which allows them to distinguish prey from non-prey.  Kestrels, a type of falcon, are able to detect the feces and urine of their prey that reflects UV light that they can see. Mosquitoes can detect higher-than-normal CO2concentrations thirty meters from the host and will fly up the concentration gradient until seeing or detecting the heat from prey.

Capturing the prey involves stalking, catching and killing the prey by neck bite, strangulation, evisceration, toxin, or some other method.  Carnivores may stalk their prey stealthily as with lions or by speed as with greyhounds. Animals with a longer foot, where less of the foot touches the ground, are faster and longer runners.  The fastest animals like horses and deer have very long feet and walk on the tips of their toes that are usually protected by hooves or on the ball of their feet like wolves.  Crypsis, which is the ability of an organism to avoid being observed, can help to make stalking a success.  Part of the capture can include passive methods such as that attempted by the benthic anglerfish to catch ‘Nemo and Dory’ and by spiders using webs, or by active methods such as methods used by tarantulas and grizzly bears. Active capture can involve individuals running down their prey as with the cheetah and silently inviting unsuspecting victim as with the Venus flytrap or using cooperation as found with packs of wolves, prides of lions, and flocks of white pelicans.  Examples of killing methods include the neck bite to suffocate which is used by lions, strangulation to suffocate which is used by the boa constrictors, evisceration which is used by the wild dogs of Africa, or toxin that causes immobilize which is used by black widow spiders.  

Carnivores such as the cheetah have long stabbing canines and sharp knife-like teeth for cutting flesh.  Omnivores such as humans have a combination of sharp cutting teeth and flat grinding teeth.  Herbivores such as the pronghorn antelope have flat rasp-like teeth for grinding up plants.  The eating of the prey can be in pieces or whole.  Grizzly bears use teeth to tear into the animal while raptors use claws and beak.  Many reptiles such as the constrictors, and amphibians such as cane toads eat their prey whole.

Prey animals have adaptations that allow them to avoid detection, avoid capture, and/or methods to avoid being eaten. Crypsis is the ability of an organism to avoid observation through the use of camouflage, nocturnal behavior, living underground, aposematism, or by some form of mimicry.  Camouflage allows members of a species to blend into the background using combinations of color, shape and pattern.  Background camouflage includes the environment (spots on baby deer, stick bugs or preying mantises that resemble leaves) or other organisms (stripes on zebras or schools of fish) confuse predators.  Some organisms such as chameleons or octopodes have a limited ability to change their color or patterns to match the background.  

Another method used to avoid detection is called aposematism and it is actually anti-camouflage.  Certain organisms either taste bad (monarch butterflies), are poisonous (milkweeds, harlequin toads, and poison-dart frogs), have chemical defenses (skunks) or are able to physically harm the predator (wasps or coral snake).  These unpalatable or noxious species have distinctive coloration or patterns that indicate to potential predators that act as a warning signal.  Mimicking the warning signal is an effective method of avoiding detection.  Mullerian mimicry involves several unpalatable species that have similar coloration such as yellowjacket wasps and bees or Viceroy and Monarch butterflies. Batesian mimicry involves trickery where false features that appear to be aposematism.  Examples of this mimicry include the Io moth that appears to have owl’s eyes on its wings, the poisonous coral snakes and the mimicking king snakes, or octopuses that are able to change coloration to look like predator fish.  

Prey species also have many avenues to avoid being capture and eaten.  Unlike the predator that has binocular vision, prey animals have eyes that face sideways, with only a small area of overlap in each eye’s field of vision. This adaptation allows the prey animal to see almost all the way around its body maximizing its ability to stay away from the predator.  Pronghorn antelope or Thomson’s gazelle use speeds of over 90 kilometers per hour to avoid capture.  Sometimes, however, gazelles start to run, but will then slow down and stot.  Stotting is the high jumping into the air with back legs held straight back.  Predators often give up on the hunt after being harassed by stotting.  

Porcupines and hedgehogs have obviously made the point that capturing them as a meal will be difficult.  Mobbing occurs when a group of prey animals (usually birds) attack the predator such as when crows cooperatively harass hawks.  Mobbing occurs most often in species whose young are frequent victims.  Prairie dog (rodent family) and meerkats (mongoose family) are examples of convergent evolution in which two social, subterranean dwelling critters have an altruistic lifestyle. Both use sentries that that guard while the others search for food and if any danger is spotted, warning barks send the furry varmints to the closest entrance.  

Plants have also evolved methods to prevent ingestion.  Mechanical interference occurs in cactus and other plants with thorns, spines, prickles, or sharp leaves.  Edible portions of plants may not be accessible or easily found by herbivores as seen in the canopy layer of the rainforest.  Certain plants protect themselves through the use of toxins that kill, repel or reduce their digestibility such as lily of the valley, oleander, or jasmine berries.   Grasses and similar plants have the ability to recover from the herbivore induced damage because the vital portion of the plant is not destroyed as the herbivore eats the non-essential portion of the plant.  Many plants however actually invite herbivores to eat portions such as the fruit which may then be instrumental in dispersal of seeds.  Some plants like Acacia trees will host organisms such as ants that discourage the presence of the herbivore. 

Predator-prey symbiosis is not always a win – lose situation.  Predators have a positive impact on the populations of prey by culling the very old and sick, and removing the very young. This removal keeps the population from overshooting the carrying capacity and therefore destroying the delicate balance of the prey with its source of food whether it is plants or the sun. Animals whether they are herbivores or carnivores may spread seeds after they stick to their fur.  Herbivores also increase the fertility of the soil due to passing of digested material or through their death and decomposition.

