Chapter 22
INTRODUCTION OT DARWINIAN EVOLUTION
Evolution is the cumulative changes of inheritable characteristics over time.

Population is a group of individuals of the same species living in an area.

Heritable traits are those that can be passed on to offspring.

IDEAS ABOUT EVOLUTION BEFORE DARWIN

1. Aristotle, 384-322 B. C. Greek philosopher.
Aristotle proposed that the last stage of development, the adult form, explains the changes that occur in the immature forms (teleological explanation); the advanced stages influence the earlier stages. 

He also proposed that all living forms are linked in a progression from imperfect to most perfect. He called this the Scale of Nature.

2. Natural theology. 

The Creator made the individual species.

In the 1700's, biology was dominated by natural theology. A philosophy dedicated to discovering the plan of the creator by studying nature.

Natural theologians saw the adaptations of organisms as evidence that the Creator had designed each and every species for a particular purpose. 

3. Hutton, James. 1726-97, Scottish geologist. 

Hutton formulated controversial theories of the origin of the earth in 1785. He was of the opinion that the earth must be very old.

Uniformitarianism: the doctrine that past geological changes in the earth were brought about by the same causes as those now taking place.  It stressed the slowness and gradualness of rates of change.

4. Cuvier, Georges Léopold Chrétien Frédéric Dagobert, Baron.  1769-1832, French naturalist. 

Cuvier originated a system of zoological classification based on structural differences of the skeleton and organs.

Catastrophism: the geological doctrine that the physical features of the earth's surface, e.g., mountains and valleys, were formed during violent worldwide cataclysms, e.g., earthquakes and floods. He argued that all living things were destroyed and replaced with wholly different forms during these cataclysmic events.

5. Lyell, Sir Charles.  1797-1875, English geologist.
Lyell argued in this book that, at the time, presently observable geological processes were adequate to explain geological history. He thought the action of the rain, sea, volcanoes and earthquakes explained the geological history of more ancient times. Lyell conclusively showed that the earth was very old and had changed its form slowly, mainly from conditions such as erosion. Lyell was able to date the ages of rocks by using fossils embedded in the stone as time indicators. Lyell helped win acceptance of James Hutton's theory of uniformitarianism and of Charles Darwin's theory of evolution.

6. Lamarck, Jean Baptiste Pierre Antoine de Monet, Chevalier de,  

1744-1829, French naturalist.

Lamarck proposed that organisms evolve into new species. 

He thought that all organisms are tied together by intermediate evolutionary forms and that species distinctions are man-made and arbitrary.

He thought that all organisms were endowed with a vital force that drove them to change toward greater complexity over time.

Lamarck thought that organisms could pass acquired characteristics to their offspring.

Charles Darwin, 1809-1882.

· Charles Robert Darwin was born in Shrewsbury, England in 1809.  The son of an eminent local doctor, Dr Robert Darwin, Charles was born into a modestly wealthy family.

· He was the grandson of Erasmus Darwin, English naturalist, and promoter of the idea of evolution.

· Darwin studied medicine at Edinburgh University from 1825 to 1827.

· He transferred to Christ's College, Cambridge in 1828 with the intention of becoming a minister in the Church of England.

· He was a mediocre student and did not like classical education. His interests were in natural history, botany, geology, collecting and hunting.

· In 1831, with the help of his botany professor John Henslow and his uncle Josiah Wedgewood, he took the post of naturalist on board the H.M.S. Beagle on a scientific mission to South America. 

· By the time of his return in 1836, he had become an authority on many forms of life. 

· Between 1842 and 1844 he developed his theory of natural selection, although he did not announce his work until 1858.

· In 1859 he published a considerably expanded version of his researches in the controversial Origin of Species by Means of Natural Selection.

· He published The Descent of Man in 1871. 

THE VOYAGE OF THE BEAGLE

H.M.S. Beagle, under the command of Captain Robert Fitzroy, left for Patagonia, South                           America, in 1831 with Charles Darwin on board.

At this time Charles did not believe in evolution, including his grandfather’s theory, as any evidence presented so far could not convince him.

The Beagle reached South America in 1832 and Charles took care to observe the flora and                           fauna.

Charles went then to Buenos Aries where he saw fossils of more ancient animals, including a mastodon. 

He experience a violent earthquake in Chile that raised the land in some places between 2 and 10 feet.

Darwin was most interested in the plants and animals on the Galápagos, a group of 16 large                           islands (and many smaller) off the coast of Ecuador. 

· Giant tortoises inhabit every one of the islands, which gave the island chain its name, from the Spanish Galápagos, meaning tortoise. 

· Each island has its own type of tortoise, distinguishable by the shape and pattern of its shell. 

· Darwin was astonished that the islanders felt that this was due to the difference in environment on each island.  

· Darwin also observed the finches, which varied in size and shape from island to island.  

· Their beaks also varied depending on which food they ate and some even had extra long tongues for grabbing certain types of foods such as insects, nuts or seeds.

Island animals and plants were different to those on the mainland but a relationship could be seen.  What was even stranger though, to Darwin, was the fact that organisms on different islands varied, but still seemed related.

THE MECHANISM OF NATURAL SELECTION.

Charles Darwin and Alfred Wallace independently proposed a mechanism that brings about the evolution of populations.

The mechanism by which the organisms best suited to survival pass on their traits to the next generation.

The mechanism is based on the following observations and inferences:

1. Overproduction of offspring. 

· All species have great potential fertility. Without constraints, populations will grow exponentially, producing an ever more rapidly growing number of organisms. 

2. Population remain stable.
· In spite of this prediction, the numbers of individuals in a population remains near equilibrium, fluctuating above and below some mean value. 

3. Resources are limited.
· Production of more individuals that the environment can support.

· Resources are limited. This results in a struggle for existence.
· Organisms compete for these limited resources. There is a struggle for existence.

· Survival of a fraction each generation.

INFERENCE: Production of more individuals that the environment can support results in a struggle for existence resulting in a fraction of the population surviving each generation. 
4. Variation.

· Individuals are unique. There is individual variation. This came from observing animal breeding. 

5. Much of this variation is inheritable.

· Much, but not all, of the individual variation is heritable. This observation also came from animal breeders. 

· The next generation obtains the parents’ heritable traits.

· Best adapted individuals reproduce most successfully.

· Some of the observed variation is environmental, some is genetic. 

· Darwin and Wallace did not know the mechanism of inheritance. They had not read Mendel’s paper.

INFERENCE: Reproductive success: Some individuals are better equipped to survive and reproduce. They have inherited traits that make them best fit to survive in their environment.

INFERENCE: This unequal ability to reproduce will lead to a gradual change of the population, with favorable characteristics accumulating over time.

It is useful to distinguish Darwin's mechanism of natural selection from evolution generally. 

Darwin and Wallace’s contribution was not the hypothesis of evolution, but a description of the mechanism by which evolution takes place.

Other naturalists such as Lamarck and Darwin's grandfather Erasmus Darwin anticipated him in this respect. 

Natural selection is often described as "survival of the fittest"; it maintains that the organisms best suited to survive in their environment are more likely to reproduce and pass their genetic material to the next generation, while those with less advantageous traits are less likely to survive long enough to reproduce.

Darwin used "descent with modification."

According to Darwin, the diversity of life forms have arisen by descent with modification from ancestral species.

Darwin illustrated the power of selection as a force in evolution with examples from artificial selection, the breeding of domesticated animals and plants.

Humans have modified many species by the selective breeding of individuals with preferred traits.

The evolution of insecticide resistant insects, antibiotic resistant bacteria, and herbicide resistant weeds illustrate the process of selection and the gradual change in a population.

Darwin's main ideas:
1. Natural selection is differential success in reproduction.

2. Natural selection occurs through the interaction between the environment and the variability found in a population.

3. The product of natural selection is the adaptation of populations of organisms to their environment.

SUPPORTING EVIDENCE

COMPARATIVE ANATOMY

Structures with a similar underlying plan can be explained by relationship through common ancestry. 

1. Homologous vs. analogous.

Homologous features are variations of the same basic structural pattern, even though the structure may be used differently.

Homologous structures are considered to indicate evolutionary affinity among organisms possessing them.

Homoplastic or analogous features have similar function but lack the basic pattern of homologous structures, e.g. wings of birds and insects.

Homoplastic features shown what is called convergent evolution.

It is due to the selection for similar habitats in different evolutionary lineages.

Adapting organisms carry structures that are no longer necessary.

These structures are non-functional and degenerate remnants of structures that were functional in ancestral organisms. These reduced structures are called vestigial.
2. Embryological homologies

Homologies exist between developing embryos.

Sometimes homologies are evident in the developing embryo but not in the adult organism.

There is a remarkable similarity between vertebrate embryos: embryological homologies.

Embryos begin with similar gill arches (or pouches) and a similar vertebral column that becomes modified in later stages to yield the various different forms characteristic of the organisms.

3. Molecular homologies

There are molecular homologies, e.g. the structure of DNA and RNA, the process of replication, transcription and translation, pathway of cellular respiration, and the genetic code.

Lines of descent based on molecular characters closely resemble lines of descent based on structural and fossil evidence.

The universality of the genetic code is considered to be an evidence that all organisms have a common ancestor.

Amino acid sequence in common proteins reveals greater similarities in closely related species.

A greater proportion of nucleotide sequence in DNA is identical in closely related organisms.

The universal genetic code and many pathways (glycolysis, Krebs cycle, photosynthesis, etc) support a common origin. 

THE TREE OF LIFE

Homologies that arose recently are shared by a smaller branch of the tree of life. Those that arose very early are shared by many and more diverse groups of organisms.

4. Biogeography or geographical distribution
Closely related species tend to be found in the same geographic area. 
Same ecological niches found in distant lands are occupied by very different, though superficially looking species, e. g. Australian marsupials and Eurasian placental mammals. 

Geographical barriers lead to great differences between organisms, e.g. adaptive radiation of Australian marsupials

Isolation tends to produce endemic species. 

· Endemic, endemism refer to species native and restricted to a geographical region. 
5. Fossils

The fossil record shows a general progression from the earliest, single-celled organisms to organisms living today.

Some fossils appear to be intermediates between living groups, e. g. Archaeopteryx, evolution of the horse, a Coelacanth.

The fossil record is incomplete.

Radioactive isotopes found in fossils and rocks provide a means of measuring the age of the fossil or rock layer.

EXPERIMENTAL DATA.

Some experiments show that populations change over time due to some environmental pressure.

Reznick and Endler have studied the evolution of guppy populations in streams where predation was high and in others where predation was low.

They designed an experiment where similar guppy populations were subjected to high and low predation.

Predation exerted a selective pressure on the guppy population.

" There is grandeur in this view of life."  Darwin, closing line of the Origin of the Species.

