BIO1130 Midterm 1 – Chapter 1- 4

Introduction 
Cheetah 
· Can obtain the speed of 110-120km/h 
· Their acceleration goes from 0-70m/h in TWO SECONDS 
· Hindlegs 
· Their legs and hips are attached to the vertebral column 
· This is what generates the speed 
· Very thin and little weight at the end of the paw 
· The strides are easier 
· This is basically the ‘motor’ 
· Forelegs 
· The ribcage is in a sling of muscle and acts as a shock absorber 
· When the animal moves its leg, the ribcage doesn’t move in the same speed but rather slides along 
· Advantage of the ribcage: 
· Orientation of the animal – can move left/right very quickly 
· Allows the head to stay still and straight – can focus on its prey 
· Tail is weight compensation to sliding left or right – tail is very large compared to its body size if compared to other animals  
· Evolutionary compromise 
· Cheetah will never defend its prey 
· Why? Cheetah’s main advantage is its speed  has to protect it and if it loses in a fight, its probability of survival and reproducing gets much lower 
Evolution of Cheetah 
· “All species share a common ancestor & we did not evolve as individual species” Darwin
· The hindlegs of a cheetah is the result of 440 Myr years of evolution 
· Limbs (440 Myr) – adaptation of vertebrates in cheetah 
· Originated from fish 
· They have pectoral and pelvic fins which help them in stability and orientation in aquatic environment
· Pectoral girdle in fish is attached to the cranium but cheetah not which means we have a neck 
· Only thing that’s different in tetrapod – we have digits/fingers 
· Pelvic girdle (385 Myr) – adaptation of tetrapod in cheetah 
· Tetrapod – pelvic girdle is fused to the vertebral column 
· Cheetah – limbs are attached to the girdle and girdle is attached to the vertebral column (not new to cheetah)
· Posture of the limbs (220 Myr) – adaptation of mammals in cheetah 
· Primitive amphibians – ‘sprawl position’ = have their humerus and femur is parallel to the ground 
· Push up position and torsion of the body 
· Puts constraints on the motion of the animal and requires a lot of energy 
· Largest size possible = crocodile 
· Feature unique to tetrapod – have the knees and elbow underneath the body and the rotation of the elbow 
· Lifted the constraints on the maximum size of the mammal because the four limbs can support the body much better 
· Ex. dinosaurs had rotation of the knee but not the elbow 
· Digitigrade (65 Myr) – adaptation of carnivores in cheetah 
· Carnivores (digitigrade)– walk on their digits 
· Gives them advantage in terms of running 
· Walking in the tips of the paw makings limbs longer = longer stride 
· Ex. Deer – actually walk on their hooves and very large portion of their limb is what we consider to be hand/fingers/nails
· Everything seems to be fused together – very light/thin = run fast
· Don’t need ligaments and muscles to support the bone – adds weight
· Retractable claws (25 Myr)
· Fold their claws within their paw 
· Found in cats, lions, leopards – 225 species 
· Meaning common ancestor 
· Semi-retractable claws (5.5 Myr)
· Claws are permanently sticking out – cannot retract completely 
· Unique to cheetahs 
· Aids in moving very quickly/efficiently – able to grip the ground 
· Adaptation of cheetah compared to other felines 
· Long and thin limbs – speed and stride length 
· Lightweight, slender and muscular body – most of the body muscle is in the thigh and shoulder 
· Flexibility of the spine – can expend 2-3 metres just by extending the vertebral column – speed and stride length 
· Wide nostrils, heart and lungs with high functional capacity 
· All these evolutionary tweaking is involved in creating a fast speed animal 
· A cheetah is a mammal characterized by a few derived traits that distinguishes it from other feline species 
· The species is the result of 3500 Myr of evolution – meaning we have to go back to the origin of life – because we all have the same ancestor 
· More than 99% of its characteristics have evolved in species that are now extinct
· Less than 1% is unique 
· So the cheetah is more the result of the history of its ancestors than its own history 
· This applies to all living species, including humans.
Royal cheetah 
· They found this unique pigmentation on cheetahs – valued and rare 
· Thought they were a new species – called them ‘royal cheetah’ 
· Turns out it was a skin disease – a mutation 


Cheetahs are almost clones of one another – 99.9% of similarities btw individuals 
· You can do a skin graft btw individuals 
· Lack of genetic variability 
· Potential to kill off the entire population 
· More vulnerable to disease/virus 
· Cannot adopt to change since it does not have the potential to do this 
· How? Population bottleneck. Because of some environmental reason, the population of cheetah got reduced to very small numbers and didn’t have enough time to have mutation and to evolve. 
American cheetah – miracinonyx 
· Pronghorn – a species in north America that can run 95km/h 
· Currently has no species that can match/out run it so why is it there? 
· Fossil – there was a species Miracinonyx – went extinct abt 20 000 years ago 
· Could match the speed of the pronghorn 
· Had little to do with the African cheetahs but rather the cougars 
· Just two species that evolved for the same reasons, but one went extinct

Chapter 1: The Scientific Method
· Science: a coherent body of knowledge related to certain categories of facts, objects or phenomena obeying laws that are verifiable through experimental methods 
· Research: aims to acquire new knowledge and has to be done in a way to ensure that the quality of knowledge is there – getting closer to the truth 
· Two approaches: 
· Description-based 
· Hypothesis-based 
Two types of reasoning 
· Inductive reasoning (descriptive-based)
· making a generalization often based on numerous specific observations 
· particular  general 
· ex. Seeing a person entering a classroom and deducing that there is a class 
· probability of being right is fairly high and being wrong is also fairly high 
· deductive reasoning (hypothesis-based)
· stating a hypothesis and making conclusions (experimental or observation) from the hypothesis 
· general  particular 
· ex. Seeing a person entering a class and hypothesize there is a class and entering and making observations that there is a class 
Scientific Process 
· All scientific inquiry starts with one or multiple observations. 
· But it must be tested 
· Scientific hypothesis must be verifiable, refutable and reproducible. 
· From a hypothesis  you can make a prediction 
· Predictions must be testable and give a clear result. 
· If…then…statement 
· Hypothesis can be falsified or not falsified – so you must be able to test it 
· However, we can never prove that a hypothesis is the scientific truth 
Contract between science and knowledge 
A valid scientific process needs to respect the clauses of the contract btw the acquisition of knowledge and science 
· Breaking the clauses invalidates the contract and this process of acquiring knowledge would be faulty and corrupted 
· You might be doing something interesting but it’s not science. 
· Initial skepticism on facts 
· Ask honest questions on facts and hypothesis and ALWAYS re-test what has been found 
· Realism 
· the world is older and exists independently from my perception of it – what I believe is the truth does not have priority over what it the TRUTH 
· Rationality
· Logic: demonstrations from a scientist must be the result of coherent steps 
· Parsimony: methodological principle which states that acceptable theories are hypothetically the most economical in assumptions 
· Crop circle enigma – a pattern appeared in the middle of the crop field and they examined the DNA of the light/dark parts and they were diff. 
· Turns out two guys did it – ‘simplest explanation might be the closest to the truth’ 
· Is basically a tool to prove hypothesis 
· Methodological materialism 
· All that is experimentally accessible in the real world is material or has a material origin 
· Cannot use things that are based on IDEAS to prove a hypothesis – has to be from the REAL WORLD 
Mimicry – skepticism
· Monarch – beautiful butterfly with great coloration 
· Has no problem opening their wings and showing their colour 
· Their warning of saying “don’t eat me, I’M TOXIC” 
· Only associate itself with one type of plant – milkweed – which they put their eggs/hatch caterpillar/and to feed on 
· This is where they get their toxic substance 
· Viceroy 
· Has the similar colouration as the monarch – birds have a tendency to avoid them 
· Originally discovered that it’s non-toxic and evolved from batesian mimicry 
· Batesian: nontoxic species that mimic the toxic species to survive and to provide protection 
· Abt 5 years ago someone decided to test this: 
· Took the wings off of both species and gave it for the bird to feed on 
· The bird spit out both – meaning viceroy is actually toxic 
· Turns out it’s a Mullerian – meaning this case is NOT a good example of batesian 
· Mullerian – species that are toxic might evolve the same type of colouration to send a stronger message and emphasizing it to the predator “I’M TOXIC”
Experimental Method 
· Peromyscus polionotus – the oddfield mouse – Gulf of Mexico 
· Different colouration 
· Cream white – associated with the sand on beach 
· Brown – field in the inland population 
· Mimic the colour of the environment to avoid the eyes of the predator 
· Conducted an experiment: 
· Hypothesis: in this species, fur colouration patterns has evolved as camouflage in their native environment 
· Prediction: if mice have a colouration that does not match their habitat then they will be preyed on more heavily than the native, well-matched mice. 
· Test: plasticine mice sprayed-painted in beach or inland colours
· Spread both colour models in both habitats in equal numbers 
· Count signs of attacks 
· Result: beach – more dark models attached and vice versa 
· Therefore, a real example of animals mimicking their environment for survival 
· Introduction of species has an impact on fish biodiversity 
· The value of a lake is often linked with the quality of recreational fishing. 
· They frequently introduce new species for recreational fishing to enhance the “value” of a lake 
· And the fish are often piscivores – prey upon other fish (smaller)
· The impact of these piscivorous fish introduction on indigenous species have been the subject of few studies 
· Case Study: introduction of piscivorous fish in Gatineau park for recreational fishing
· Observation: small lakes in which recreational fishing species (piscivores) have been introduced do not have schools of small fish near shore 
· Gatineau park: 
· Experimental group: the intro of piscivores species in 20 small lakes at the beginning 
· Control group: still abt 25 small lakes without piscivores 
· Hypothesis: introduction of piscivore fish species in small lake would result in a decline in the numbers of smaller species 
· Prediction: in small lakes from the same region, if lakes contain introduced piscivorous species, then they will have fewer smaller fish species than lakes without the piscivores 
· Testing the prediction: determine the number of fish species in both types of lakes 
· An analysis of species in a region with small lakes with and without introduced piscivores 
· Result: lakes without piscivorous have significantly more (50%) small-sized species than lakes where they were introduced 
· Recommendation: no piscivorous species introduction in lakes to preserve the park’s biodiversity 

Chapter 2: Evolutionary Thinking Before Darwin 
2.1 Transformism in Antiquity 
· 2.1.1 Anaximander  
· First philosopher to write his thoughts – it was not a part of the culture to write 
· Origin of life (cool but not very scientific)
· Main element of nature was water - the source of life 
· The baby will grow inside the fish and once it ages, the fish comes to shore and burst open to reveal the human. 
· 2.1.2 Empedocles
· Student of Anaximander 
· Four elements: earth, water, air, fire – very simple in their nature and eternal/unalterable – they cannot be modified 
· BUT can be assembled into a harmonious organism (2 forces)– love (attraction) and strife(hate) 
· Created all kinds of monsters/beings that did not survive but once in while created this harmonious being that survived and reproduced – his vision of origin of life 
· 2.1.3 Democritus 
· The most ‘scientific’ of the philosophers 
· Two realities: atoms and emptiness 
· Logical deduction – never saw it but deducted 
· Matter can be divided but the LAST step of division can only be btw two atoms
· atoms exist – they cannot be changed/created/destroyed but they can be reorganized 
· he thought that there was some inner/intrinsic property of atom – a force – that can create shapes (ex. life, humans)
· humans and animals are born directly from dirt (spont. gen.)
· conclusion 
· acts of creation are not due to god, but rather due to the innovative power of matter 
· some forces that are within the matter 
· the origin of all things is not teleological (with an ultimate goal) but is the result of chance or of an irrational need. 
· No fate associated with it – just random 


2.2 Classical thinkers 
· 2.2.1 Socrates and Plato 
· Classical thinkers 
· The quest of life is not to understand nature, but to understand ourselves – nature is not important/interesting
· Contemplation of the soul – search for beauty, kindness, justice and sanity within us 
· Answer is within us and not in nature – nature viewed as an imperfect world/ poor representation of the perfect world 
· Understanding the concept of things are more important than the nature itself
· Plato – came up with Theories of Ideal Forms – Essentialism 
· Visible, imperfect and changing realm – nature – which surrounds us is a poor imitation of an Ideal World 
· We’re all born with notions of all these shapes/ideas of Ideal Forms 
· CONS: nature was viewed as an imperfect world – not interesting 
· Not where you find the answer 
· They said God created everything – even the imperfection 
· 2.2.2 Aristotle 
· DID NOT believe Ideal Forms 
· Defining the essence of things is an important quest – observing nature provides information about the Ideal Forms 
· For the first time, we’re looking at nature and searching for the essence 
· morphological variability in species is illusion and imperfection
· there is an order in the world 
· he was a vitalist - all living beings have a soul 
· there are multiple levels of souls 
· vegetal (grow/reproduce)  animated (move/walk)  irrational 
· the skeleton of the great chain of being 
· scala naturae: fixed hierarchy used to organize all organisms 
· Summary: 
· Plato: there is a world of Ideas or Forms that is totally separate from the material world. Every things or living beings that we observe with our senses is just a poor imitation of its perfect representation in the world of Forms. This world of Forms is innate. 
· Aristotle: there is no need to postulate the hypothetical existence of an innate world of Ideas or Forms. We determine the essence of things by carefully examining the world around us. 
· Pigeon 
· Everyone has already observed the great diversity of coloration of the domestic pigeon.
· According to Plato, we have from birth an image of the ideal form of a pigeon. Nature offers only imperfect forms in relation to this ideal form.
· For Plato, knowledge comes from reasoning rather than the use of the senses and the observation of nature.
· For Aristotle, the use of the senses is necessary to acquire knowledge. It is by observing the pigeons that we can define the essence of a pigeon. Contrary to Plato's abstract approach, Aristotle would have based his description of the pigeon on characteristics common to the individuals of the species. Probably he would have dwelt on the shape of the body, the beak and the wings.
· Another important point is that for Plato and Aristotle, the variability between pigeons, for example in the color of the feathers, is not particularly important or interesting because it does not allow to recognize the ideal form or the essence of the feather.
· It is interesting to note that 2000 years later, Charles Darwin will be the first scientist to understand the importance of this morphological variability.
· In fact, it will be the material that will be used by its evolutionary process, natural selection, to explain the adaptations and diversity of life.
2.3 The Impact of Christianism 
· Christianity became the main ideology in the western world 
· This is the dark age for transformism – since there is no acceptance that species might modify themselves / no evolution 
· God became the measure of all things, and the bible = the word of the day 
· Scala naturae – glorified view with the god on top 
2.4 From Fixity of Species to Transformism 
· Renaissance in Europe 
· Back to nature – ppl start bringing in new plants = new discoveries 
· Power of religion is challenged – new ideas became possible 
· French Revolution 
· Ppl rejected order – kings and queens – wanted to reject the order in order to include new notion that came with the industrial revolution = the notion of progress 
· More open-mindedness towards science 
· During and immediately after the Renaissance, there’s a return towards experimentation and the observation of nature. 
· Attempts to classify living organisms were done within the Great Chain of Beings
· Bonnet – fire, air, water, earth  man 
· 2.4.1 Linnaeus 
· Great scientist who believed in the fixity of species – never believed in evolution 
· Father of modern taxonomy – invented hierarchical classification (as we know now) and evented in the system of words (discovered a lot of new species in first book in 1768 Systema Naturae)
· Came up with the binomial system of nomenclature (e.g. Homo sapiens) – genus name and species name 
· Doing classification was viewed very highly – since you’re discovering each piece of the ultimate puzzle that is created by God 
· He was using Aristotle’s idea of Essentialism – find what is unique in the species – to create his classification 

· 2.4.2 Buffon 
· Aristocrat – lots of time to himself 
· He wrote a book (44 volumes) – the way to describe nature 
· “every family, from animals to plats, has a common origin, all animals derive from one animal, which through time produced all animal species in existence today” – basically what’s Darwin’s theory of evolution is 
· Ppl at the time believe that earth was created 6000 years ago and god created everything 
· But he wrote in his book that the age of the earth is around 75000 years old and according to him, the initial temp of the earth was very high and since then the climate has mellowed out
· The faculty of theology censored it because it went against the views at the time – so he abandoned his idea 
· 2.4.3 Lamarck 
· First evolutionist – species modify their morphology through time 
· Uses the environment as a factor of change (environmental determinism)
· Environment regulate everything/dictate shape and change in the species 
· Viewed this process as a very gradual process – the scala naturae = not a static thing but rather an “escalator” 
· 2 principles (affects individuals): 
· Principle of usage and non-usage 
· If you use an organ, it becomes bigger/stronger, if not it disappears
· Principle of inheritance of acquired characteristics 
· If organ used and it becomes bigger/stronger/enhance, it could be passed down to the next generation 
· This has never been proven; if you have a morphological change during your life, it does not change your genetic material 
· Basically, we’re only the bearer of our genetic material – to be passed down through generations 
· Gradual mechanism, adaptive and involves an innate ability (internal force) of an organism to become more complex 
· Environment will provoke this – in theory, if you have similar environment in different parts of the world, it should produce the same species – NOT TRUE until this day 
· Spontaneous generation explains the presence of simple organisms that evolved to be complex 
· FULL of holes – but the point is it was published and some acceptance but highly criticized by his fellow colleagues 
· Bonsai tree 
· Very old tree that’s trimmed for over 100 years old and its offspring are just a regular tree – not a special another bonsai 
· Cons with lamarck’s theory 
· 2.4.4 Cuvier 
· Very enthusiastic and worked with mammal fossils 
· Established the fundamental concepts of paleontology 
· The older the stratum, the more dissimilar its fossils were to current species 
· You had to establish that there had to be a process in which god created different groups of communities 
· He was a creationist so he didn’t believe in evolution  - which means he had to come up with an explanation to why there seems to be fossils that look different from current species 
· So, he came up with this notion of catastrophism 
· In his opinion, the fact that fossils look different than the current species is that they seem to be organized – god created several creations 
· There was a catastrophe and there was a new creation until US 
· Theory of correlation of parts 
· Extrapolate an animal from looking at a bone – if you look at a small portion of a fossil, you can pretty well define what the animal might have looked like 
· Carnivores – have their jaw joint lined up with their row of teeth 
· When they chew, it creates a scissor movement – so they can chew meat 
· Jaw joint is roundish/solid – gives it strength for when the prey moves in mouth  
· Herbivores – will have the same type of jaw 
· Jaw join way higher than their row of teeth – molars touch/align each other, so they can crush/chew vegetation – no scissor movement
· Surface of the articulation of the jaw is very flat – also crush
· Humans have the jaw of an herbivores but we’re omnivores 
· This means our ancestor was an herbivore 
· He modified the concept of the Great Chain of Beings by suggesting that God created 4 major types of animals – there are four chain of beings not one 
· Radiata, Mollusca, articulate, vertebrata 
· 2.4.5 Hutton and Lyell
· Idea of change became more logic in geology 
· Geological changes are the result of a slow, gradual and continuous process 
· The principle of uniformity (uniformitarianism): the law of nature are not affected by the passage of time 
· Look at what you see now, and see the past 
· “with respect to human observation, this world has neither a beginning nor an end.” – humans are a very small part of the world 
· Main idea: observe nature now, and then extrapolate for the past and extrapolate the future 
· Example: hoodoo (tent rock) - strange structure – mounds of sand and in the end of each of the tower, there is a rock  
· Takes a few thousand years 
· Look at the present gives an insight to the past and we can extrapolate the future 

Chapter 3: Charles Darwin and Evolution 
3.1 Charles Darwin: Education and Family 
· Father = doctor, mother = from Wedgwood family (well-known) – rich 
· Married to his cousin – had no issues with his 10 kids 
· Stopped his study in medicine and only other thing he could be was a clergyman 
· Had to have a prerequisite – Bachelor of Arts 
· Wanted to be a naturalist 
3.2 The Voyage on the Beagle 
· He is invited to go on a ship commissioned by the government to do the cartograph of the coast of South American
· As a companion of the captain but later was offered to be the geologist/naturalist of the voyage 
· He was very busy and spent more time on land than water 
· He collected samples of fauna and flora in land to bring back to England 
· Two books that influenced Darwin: 
· William Paley: “Theology, or evidences of the existence and attributes of the deity” 
· Nature is so complex/harmonious – that this is the proof that God exists 
· Human eye is such a complex/intricate thing that it can’t possibly have evolved
· Lyell “Principles of Geology” 
· Darwin began his voyage with believing in the Great Flood and in Cuvier’s catastrophism 
· When he returned 5 years later, he was in total agreement with Lyell and Hutton’s principles of uniformity 
· Example: he was doing a cartograph of chile and there was an earthquake – he needed to do it again since it physically lifted up the crust and there were areas of land that were not visible before – shookeddd
· Distinct fauna of South America made Darwin ask questions: 
· Why do the fauna/flora of Africa, Europe, Australia and South America have relatively few species in common? 
· Did god create all these complicated fauna on purpose? Why so many?
· Why are the animals and plants of the temperate zones of South America resemble the species living in the tropical zones but not the temperate Europe?
· Lamarck said environment is the key – but that’s not the case here 
· Why are the mammal fossils of S.A. absent from the current fauna (giant sloth)? Why do these fossil show resemblance with current species found only in S.A? 

· Fauna on the Galapagos islands surprises Darwin (Lamarck = not true)
· Galapagos marine iguana 
· Only iguanas to live in a marine environment, unique to the islands 
· Galapagos sea lions – unique 
· Galapagos tortoise 
· Depending on the island, the shell of the tortoise varies 
· Why would god create unique turtles for Galapagos and why would he create different turtles for different islands? 
· Galapagos finches 
· Different beaks with same bodies 
· Cactus-eater, insect-eater, seed-eater, woodpecker 
· Again, why would god create these in only the Galapagos and why so much morphological variability in one group if they have the same living conditions? 
· He published a book and became well-known – didn’t have to work 
3.3 Evolution and Natural Selection 
· 1837 - we find in Darwin’s notes the first mention that species show resemblance to each other because they share a common ancestor 
· Rejects the fixity of species and accepts the concept of descent with modifications (evolution)
· Went against the religious dogma of the time 
· Rejects Lamarck’s evolutionary mechanism – environment regulates everything
· Finches of the Galapagos islands 
· They show morphological similarities because they share a common ancestor 
· Theory: the ancestor got lost and settled on the island that branched out to become different subspecies 
· 99% of species that have lived on Earth are now extinct 
· Most of the evolutionary branches finish in a dead-end = extinction 
· Darwin thought there were morphological gaps btw species 
· The DNA is very similar but morphologically they’re different 
· Darwin read “An essay on the principle of population” – Thomas R. Malthus 
· Inspired him to formulate his theory on natural selection 
· Malthus wrote: 
· Every human population has a tendency to increase geometrically – very fast, exponentially – whereas the available resources to feed these populations increase arithmetically – in a linear fashion 
· Basically, there are WINNER AND LOWERS in survival 
· There’re not enough resources for everyone to survive 
· The human pop. Increases faster than its capacity to feed itself – this leads to chaos (famine, sickness, war, etc) 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, maple tree 
· Only a few of the seed succeed in reproducing 
· Again, there are winners and losers 
· Darwin’s second observation: 
· Members of a population often vary in their inherited traits 
· These variations in the inherited traits make some of them have advantages over others depending on their environment 
· First time this belief was said 
· 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 gen. to gen., this unequal capacity of survive and reproduce (differential reproductive success) results in an accumulation of favorable traits in a population 
· THIS IS NATURAL SELECTION. It enables the emergence of adaptations. And you cannot have adaptation if you don’t have genetic variability 
· Alfred Russel Wallace came to the same conclusion as Darwin and this forced him to publish his views on the evolution of species 23 years after his voyage
· Darwin and Wallace presented their idea to the Linnean Society of London on the same day 
· Darwin publishes the first edition of his book “On the Origin of Species” 
· Bestseller and created great controversy 
· 6th and last edition – contains the most important arguments against his theory 
· IMPORTANT NOTIONS linked with natural selection:
· Individuals do not evolve, population evolve 
· Only hereditary traits are subject to natural selection 
· For evolution to occur, we need genetic variability 
· Natural selection corresponds to differential reproductive success within a population from gen to gen. 
· 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. 
· Traits in populations will change and can modify the species 
· For Darwin, this 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 population 
· It is a materialistic concept (no need for divine intervention)
· The mechanism is NOT RANDOM. – differential reproductive success
· Not a quest for perfection (evolution = not a directed process). It does not lead to the appearance of “perfect” traits. Organisms simply just adapt to their environment 
· Artificial selection: is finalized because the goal, fixed well in advance, precedes the causes. The end result can be obtained in a few gen 
· Natural selection: is not finalized – it can take a long time for changes to occur 
Case Studies:
· Peppered moth vs. black moth 
· Two areas of interest: industrialized area and country 
· Area of industrialization affected the life around it – turned things black 
· Because of this, the black moths had advantage over the peppered ones since it could hide better under the eyes of the predator 
· Country area – the bark of the tree = regular colour 
· The peppered moths had advantage over the black ones 
· Depending on their environment, some moths had advantage over others, making them more likely to reproduce and abundant in next generations 
· Climate and medium ground finch 
· Over 40 years, scientists measured beaks and height and observed the finch species in an island – Daphne Major – and found variance in height of the beak 
· Due to the drought, the population of adult birds went from 1200  80 
· The selection pressure favoured those with stronger beaks to break available seeds during the drought 
· The height of the Medium groundfinch’s beak on Daphne Major Island during the drought increased drastically 
· Humans and Altitude 
· In high altitude – 2000m, the partial pressure of oxygen in the atmosphere is insufficient for normal saturation of hemoglobin for a traveler 
· Shortness of breath, altitude sickness 
· Physiological response (acclimatization): after a few days at high altitude, the body compensates by increasing the cont. of RBC in our blood
· Serious health risks: thrombosis, pulmonary edema, blood clots 
· Example of people in Qinghai-Tibet Plateau – lives 3400m above sea level 
· Mutation – genetic traits that allows for survival and reproduction in high altitude – existed before ppl started migrating to higher altitude
· BUT once they did, the individuals with the genetic traits were more likely to survive, resulting in higher abundance of them through generation 
· Andes – another region with population adapted to high altitude 
· For 11 000 years as opposed to 22 000 years for Qinghai 
· The adaptation on the Qinghai differs from the Andes 
· Andes – there is an increase in the hemoglobin cont. but it’s not accompanied by the circulatory system that works well with the high altitude 
· This is not an adaptation to the high altitude but rather a temporary reaction of the body 


· Qinghai-Tibet Plateau 
· Deeper breath, larger pulmonary capacity and increased BLOOD FLOW 
· Pass on more blood in their lungs than regular ppl 
· This means that the population that have this trait did not come from the source population because their genetic makeup is different 
· The hereditary traits that give a reproductive advantage to individuals in a population will be favoured. 
· Through gen to gen, there will be an abundance of individuals with the adaptation  NATURAL SELECTION (darwin’s descent with modification)
· These adaptations can sometimes redefine a species and in certain cases, define a whole new species 
3.4 Proofs of Evolution: Homologies, Fossils, Vestigial Structures 
Homology:
· Descent with modification theory (evolution) explains the resemblance btw certain traits even if the functions are different = homologous structures
· Indication of common ancestry 
· Not unique in humans: chick vs human emryo
· All vertebrates have a post-anal tail 
· So at one point at our embryology, we have a tail 
· Pharyngeal pouches 
· Fish – makes the gill 
· Humans & chick – throat, ear 
· These structures can come from the same common ancestor, but it can vary in function 
Fossils:
· Evolution of the horse:
· Classic interpretation (linear evolution)
· Primitive – very small animal, living in a forest, feeding on leaves 
· the teeth get longer 
· instead of feeding on leaves, they feed on the ground 
· instead of browsing, they’re grazing 
· when you graze, you take on grass but also sand 
· so your teeth gets damaged really quickly – so they are longer
· the digits disappear – only the third digit left as the hoof 
· animal goes from living in the forest to the planes 
· have to run and bigger advantage if the limb is lighter 
· false assumption – one horse species evolve from another to another through generation – BUT THAT’S NOT THE CASE 
· evolution of human (shown in a linear fashion)
· false assumption – linear view of evolution 
· false representation of evolution – the view that species evolve from one to another 

· SO TREE IS MORE REALISTIC AND THE RIGHT WAY TO LOOK AT EVOLUTION
· We share a common ancestor with the chimpanzee and NOT that chimpanzee evolve into humans 
· Its also not true that there was a gradual height increase from the primitive species to the current 
· SO TREE THINKING – allows us the better grasp of the reality of evolution and steer away from the idea of linear view of evolution 
· Evolution of whales 
· Pakicetus was the common ancestor of whales – gradual change in the species 
· Astragulus – bone from the ankle
· Comparing the fossil of a pakicetus to a whale – it looks similar
· Indicates common ancestor 
· If a molecular analysis of a whale is done, the most closely related species to a whale is a HIPPO – from current living species 
· Even though whale is an aquatic species now, it originated from a tetrapod 
Vestigial Structures:
· Anatomic structure that has lost almost all of its initial function 
· No purpose/function but it’s there because at one point it was useful in an ancestral way 
· Ex. Dwarf subspecies of a blue whale – the pelvis reduced to a floating pelvic bone under the spine 
· Examples in humans 
· Nictitating membrane – third eyelid 
· To provide protection to fly or lie in water – once 
· Humans have a remnant of it but it has no function 
· Indicates at one point we had a common ancestor who had a function/need for it 
· Appendix 
· If it inflates, we have to remove it – no impact on our digestion 
· Humans have enzymes to break down plant material 
· Herbivores 
· Horses have a large caecum because inside it, they have a lot of microorganisms to aid in the breakdown of plant materials 
· But since we already have enzymes – caecum regressed as a structure 
· Goose bumps and hair 
· Don’t have strong/efficient enough function 
· Birds/mammals – to preserve body heat, the feather/fur would stand up and the air would trap btw the tip of the feather and the body 
· Reflex – dogs and cats when they’re scared 
· But it’s useless since we don’t have enough hair density to provide protection 
· Developed as a vestigial structure because we have clothes now 

· Hiccups
· Heritage form fishes and amphibians 
· Phrenic nerve – responsible for the contraction of the diaphragm 
· Why? The stomach is pushing against the diaphragm and it squeezes against the phrenic nerve 
· Solution: create a movement that will unsqueeze the nerve 
· Fish 
· Phrenic nerve is there to activate the respiratory system 
· Through evolution, the nerve simply lengthened, and the respiratory system moved down for humans 
Discovering a fossil in the wrong place in the geological archives would be sufficient to refute out concept of evolution. 
· Very powerful test because you only need ONE fossil in the wrong place to prove the concept of evolution wrong 
· So far so good 

Chapter 4: Genetics, Neo-Darwinism, and Modern Synthesis 
4.1 Transmission of Traits (inheritance): Pre-Mendelian Perspectives 
4.1.1 Preformism and the Theory of Blending Inheritance 
· Development of individuals: preformist theory – the false idea that miniature version of ourselves could be found in the sperm or the egg (until 19th century)
· All our structure was already made but just small 
· Theory of blending inheritance (end of 19th) 
· Both parents participate equally in the genetic makeup of offspring 
· For each trait the child would show an intermediate value between the traits of its parents 
· So, all individuals would quickly become identical, or at least very similar, which is not consistent with what we observe 
4.1.2 Darwin’s Pangenesis 
· Theory of gemmules (hereditary particles) produced by each part of the body 
· When an organ is used, it grows, and the more gemmules it contains – and vice versa. 
· The gemmules would be transported in the bloodstream from all parts of the body and assembled in the gametes when they are formed 
· Gemmules would be the particles associated with the transmission of heredity 
· Francis Galton’s experiment proved this hypothesis WRONG 
4.1.3 August Weismann’s Theory 	
· Weismann proposed that only the sex cells were responsible for heredity 
· rest of the organism was doomed to disappear with one’s death 
· we’re the carrier of our genome
· living beings divided into two parts – germline (gametes) and the soma (rest of the body)
· the germline is unaffected by the environment and heredity is simply the continuity of germline – what we do during our life does not affect our sex cells
· germline & environment can influence  phenotype 
· soma & environment have no influence  genotype 
· natural selection is the ONLY mechanism that can eventually modify the germline of a population 
· example: sexual life of the monkfish 
· the male fish integrates itself to the body of the female and the only thing that’s left of its body Is its sperm sac 
· phenotype is just one way for an egg to create another egg 
· a good example that shows that the soma is just a receptacle of its germline
· a chicken is the method by which an egg makes another egg 
· [bookmark: _GoBack]phenotype is independent of the germline 


