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Principle of Uniformity: attempts to observe how things occurred and tries to explain why things happened in the past. Believes the process of evolution is gradual and constant.

Darwin noticed the very distinct fauna of South America:
· Why do the fauna and flora of Arica, Europe, Australia and South America have relatively few species in common? 
· Darwin did not believe that God would have bothered creating so many different species
· Why do the animals and plants of the temperate zones in South America resemble the species living in the topical zones of South America but do not resemble the species found in temperature zones in Europe? 
· Lamarckism would suggest that as a result of environmental climate, species that live in similar climates should all look alike
· Why are the mammal fossils of South America absent from the current fauna (eg. giant sloths)? 
· Why do some fossils show resemblances with current species found only in South America (eg. the three-toed sloth)? There are now no three-toes sloths, the sloths are small now, why did these sloths disappear? Sloths are only found in South America. 
· Origin/affinity of different fauna
· Looking and observing different fauna and flora allow us to make observations about the earth

The fauna on the Galapagos Islands surprised Darwin
The fauna was very specific and unique. Why? (Perhaps due to environmental pressures)
Why does the fauna on the Galapagos Islands resemble species in America? (Perhaps due to common ancestors)

Galapagos marine iguanas: (Amblyrhychus cristatus) 
· They are the only iguanas in the world that live in a marine environment; they are unique to the island
Galapagos sea lions: narrowly related to the California sea lions	
· Why were the species on the Galapagos islands so different from the species found on other continents?
Giant Galapagos tortoise: 
· There are 15 different subspecies on the islands
· Each island had a tortoise with their own unique shell
· Lamarck would suggest that since they lived in the same environment, they should therefore look the same
· Why is the shell of tortoises in the Galapagos Islands so different				        from other shells around the world?
Finches of the Galapagos Islands:
· Why is there so much morphological variability in one group of finches?
· Why does each island, in most cases, have their own species of finches?
· Originally, Darwin did not know much about birds
· He killed them, put them in rum barriers and sent them back to Europe to be further analyzed
· After analysis, it was observed that these birds were unique and were not found anywhere else in the world
· Between the islands, the birds had the same body, but different beaks 
· This was very surprising to Darwin

In 1837, Darwin’s notes mentioned for the first time that species resemble themselves because they share a common ancestor and not a common environment

At this time, Darwin rejects the idea of fixity of species and accepts the concept of descent with modifications – Darwin did not believe that all species were created by God, and thought that these species had been developing/evolving for much longer than 6000 years (before, Darwin thought that each type of finch beak/bird was specifically created by God)

Darwin’s idea of a common ancestor was a very materialistic vision, thus it contradicted the religious dogma of the time – Darwin thought that the mechanism of evolution should be observable

Darwin rejects Lamarck’s evolutionary mechanism (environmental determinism)

Darwin made the first phalogenic tree (the tree of life)
 
He speculated that species may look alike because they have a common ancestor and not due to environmental factors

The ancestors of finches were originally from South America and then flew to the Galapagos Islands

Therefore, Darwin thought that species could evolve and modify themselves, for example, due to available food sources

The phalogenic tree: 
· Darwin found a pattern between species and their ancestors and drew this relationship in the form of a tree, however he wanted to continue searching for the mechanism of evolution
· Darwin never used the word evolution in his books – he only used the word evolution once when he was explaining how he would not use the word evolution – this is because he did not want people to get it confused with social evolution, rather he referred to evolution as descent with modification
· The view of that era was that all finches were created individually by God


Rock hyrax, African elephant, dugong are all close relatives/from have a common ancestor although they do not look alike – explanation: Darwin used fossils to prove common ancestors. Darwin believed that to find the pattern of life, we need to look at the current species and fossils

· 99% of species that have lived on the earth are now extinct
· most of the evolutionary branches finish at a dead end
· we can use the tree of life to be able to understand intermediate morphologies, which can fill in the gaps between species
· when we compare the DNA of different species, although they look different, their DNA can be very similar
· fossils will give the answers; for example, the ancestor of the whale looked like a dog, however the hippo is the closest relative of the whale
· flat fish – found fossil of an intermediate fish where eyes had begun to shift locations

In 1838, Darwin read an essay about the principles of population written by the economist Thomas R Malthus

This reading inspired Darwin to formulate his famous theory on natural selection (the mechanism of evolution)

Thomas Malthus: 
· economist, Pasteur, studied human populations, he was instrumental in the theory of evolution
· Darwin thought that Malthus’ findings explained why continents consist of all different species, this allowed him to find patterns between species
· Malthus wrote that: every human population has a tendency to increase geometrically/exponentially whereas the available resources to feed these populations increase arithmetically
· Crisis point is when the two lines intersect, this is when there are not enough resources for the growing population = chaos, human population crashes, etc. 
· Darwin believed that at the crisis point, there are some individuals who are winners and others who are losers. Darwin wondered what made certain individuals winners?
· When the human population increases faster than its resources this leads to a point of crisis (famine, sickness, war) and eventually to a substantial reduction in population size


Darwin’s first observation: All species can produce more offspring than their environment can sustain and many of these offspring fail to survive and reproduce
· Puffball: released from mushrooms; billions of spores are released, only a few of them survive
· Maple tree and its samaras: each samara has the potential to form a tree, however, only a few actually do form a tree
· Humans are exceptions – offspring usually survive
· Mola mola species of vertebrates produce the most amount of eggs; 2-3 million eggs, if all the eggs survived, these fishes would completely fill the ocean
· Darwin: what allows the surviving individual to become the winner?

Darwin’s second observation: members of a population often vary in their inherited traits.
Parents pass their traits to their children. If the traits/genes are transmitted, then they are the traits of evolution
Lamarck: believed that we could acquire traits throughout our lifespan 
	    Didn’t think about this – all traits could be passed to next generation whether they 		     are genetic or not
Traits are hereditary
Darwin knew that there was some sort of resemblance between parents and offspring – there must be some hereditary particles that are passed between generations
If these treats exist and are hereditary, then it is these traits that are important in the process of evolution

Natural selection: 
· Easy concept
· Evolve by randomness – there were lots of critics that said natural selection could not happen
· Eg. Suppose there is a fish population. The inherited trait of this population is the colour of the fish. Blue fish are favoured by the environmental condition. Therefore, there is a selective pressure and blue fish are well adapted to the environment. Other colours of fishes are more visible to the predators. After generations, there will be a higher ratio of blue fish compared to other colours of fish. However, the other colours will NOT be eliminated from the population – just will decrease in numbers. More blue fish can reproduce. However, the selective pressures can change. The lake now turns red. Now the blue fish are more visible, and the red fish are more protected against predators. Hence red fish will have a higher probability of surviving and reproducing. Therefore, natural selection is time specific.
Inherited traits: more fish with these traits (if the traits allow the population to have a higher probability of surviving) will pass these favourable traits down from generation to generation, and this is known to be an adaption.



Darwin’s two inferences:
· individuals whose inherited traits gives them a higher probability of surviving and reproducing in a given environment tend to leave more offspring than other individuals
· from generation to generation, this unequal capacity of survival and reproduction (different reproductive success) results in an accumulation of favourable traits in a population
This is the definition of natural selection. Natural selection enables the emergence of ADAPTATIONS

· If an individual has a favourable adaptation, the adaptation becomes more prevalent in the population throughout generations. Species with these adaptations have a better chance of surviving
· Natural selection only includes processes that have adaptations
· There is no other evolution process that leads to adaptations

Alfred Russell Wallace (1823-1913) 
· sent a letter to Darwin in 1858, it was this letter that forced Darwin to publicly release his idea
· Wallace had come to the same conclusions as Darwin concerning the theory of natural selection by observing the fauna of Indonesia
· Thus it was 23 years after Darwin’s voyage on the beagle that Darwin publicly released his views on the evolution of species. 
· Why did Darwin wait so long? Although it was a simple idea, he was able to confirm it with experiments and data over time
· People believed that Darwin was not interested in publishing his theory of evolution, he was aware of the conflicts and problems that it would have on his family and society, he was more interested in the study of worms
· Darwin was popular due to his writings about his voyage on the Beagle, was a best seller, he was therefore already very popular
· His published evolution book became a best seller as well
· Wallace was a gentleman as he did not mind allowing Darwin to take the credit for the theory of evolution, since he had been working on it for over 20 years. Also Darwin had data and experiments to support this theory while Wallace had just observed the theory
· Darwin published his book in 1859








· In 1858, Darwin and Wallace presented a summary of their ideas on natural selection to the Linnean society of London
· In 1859, Darwin published the first edition of his book on the origin of species. The book became an instant best seller and created great controversy
· The 6th edition, and the last edition of his book, was published in 1872, and contained chapters dedicated to the most important arguments against his theory. Most of these arguments were present by his creationist colleagues
· Darwin answered the critics in his last chapter
· Darwin’s book is still a valid book today, examples of natural selection and evolution are incorporated

Important notions linked with natural selection:
· individuals do not evolve, populations evolve
· only hereditary traits are subject to natural selection
· for evolution to occur, we need genetic variability (mutations)
· natural selection corresponds to different reproductive success within a population from generation to generation
· with time, natural selection enables individuals to become better adapted to their environment
· environmental factors vary in time and space. Thus, the selective forces are variable – high variability
· traits in populations will change and can modify the species

Lamarckism would suggest that individuals evolve. However, Darwin would argue that humans do not evolve; rather, they are carriers of genetic information passed on from generation to generation from our parents. Humans do not evolve in a lifetime.

Mutations can happen. The proportion of adaptation is important, changes in genes are not always mutations since populations are not always evolving. Mutations occur at certain rates. 

Worldly Question: 
· will climate change cause more species to become extinction since species will not have enough time to adapt to the changing climate?
· Epigenetics: controversial subject over the importance of epigenetics and natural selection. There is no proof if epigenetic traits provide advantages, changes in epigenetics are too small of a change, therefore they have very minor effects on natural selection.






· Selective pressures are different which results in the evolution of different species
· Darwin did not know about genes. However, Darwin knew that the only way to have natural selection was through adaptations
· Before Darwin’s theory, people thought that genetic variability was bad, that it was a result of imperfections
· Now genetic variability is the key. Populations need to be able to maintain genetic variability in order to avoid extinction.

For Darwin, the mechanism of evolution (natural selection) is valid because: 
· it respects the principle of uniformity of Lyell and Hutton
· the results of natural selection are visible in nature
· the mechanism can be verified on current populations (eg. artificial selection)
· it is a material concept (no need for divine intervention) and based on verifiable concepts that explain nature
· natural selection is not random. Natural selection enables individuals that are better adapted to their environment to become more abundant than those who are not (different reproductive success)
· natural selection is not a quest for perfection (evolution is not a direct process). It does not lead to the appearance of perfect traits. Organisms only adapt to their environment
· natural selection can occur over 5000 years or 1 year

Natural selection: is the transfer of inherited trait from generation to generation, where some traits show advantages compared to other traits and therefore are passed to future generations


Artificial selection:
· is finalized since it has a goal. It is fixed well in advance. The end result can be obtained after a few generations
· There is a goal, can sometimes occur rapidly or can occur slowly 
· Examples: Kale, Brussel sprouts, cabbage, broccoli, kohlrabi all came from wild mustard 
· Orox (are now extinct) is an example of artificial selection -> cows -> some selected for meat, milk, over 10000 years old

VERSUS

Natural selection: 
· is not finalized
· It can take a long time for changed to occur (geological time scale)
· Every action of adaptation has a specific goal

Sometimes species cannot adapt anymore, they then become extinct


Peppered moths
· One of the first animals studied for natural selection after Darwin
· Source of energy: coal
· The coal caused the environment/city to become dark; dark trees, dark houses, etc.
· moths were nocturnal animals
· After a few generations, there were more dark moths in darker environment. Predators had a harder time seeing them. Therefore, the white moths became more visible to predators on dark trees and were therefore more likely to be killed. This lead to an increase in abundance of grey moths. 
· This was documented and verified
· The city was eventually cleaned up – there was a decrease in population of the dark moths (since white moths were now more likely to survive)

Climate and the medium ground finch
· drought on the Galapagos Islands in 1977, 1980 and 1982
· the population of medium ground finch were originally 1200 and decreased to 80
· there was no migration during this drought 
· birds began to die
· natural selection was occurring since the only seeds available on the islands were large seeds, only birds that could survive were those with large beaks
· natural selection favoured individuals that had bigger and stronger beaks to break the available seeds that were available during the drought
· during one season, scientists observed natural selection since the Galapagos birds had changed in size of beak
· scientists tagged all the birds, they know parents and grandparents of all chicks
· this allowed them to track the evolution of birds
· the variability in the population changed throughout the drought (decreased)
· there was a 0.74 correlation between the height of the beak of the parents and offspring for birds on the island; which indicates that the traits are inherited from parents 74% of the time
· population changed due to one environmental pressure
· if parents and the kids have the same beak height, then the trait is genetic, if not, it must be another non-genetic variable 

