
BIO1130 Midterm Notes

Introduction
An example of evolution is locomotion in Cheetahs:
- The cheetah has evolved a system by which it is faster than most vertebrates
- Pelvic girdle fused to the vertebral column (propulsion) → corresponds to the hind legs
	- System is the motor of the cheetah: speed, propulsion, and acceleration
- Pectoral girdle (scapula) not directly attached to the vertebral column → slides on the rib cage which influences propulsion, orientation, and stride length
	- Legs on the side: rapid, pendulum-like movement
- The presence of muscle rather than bone in certain areas allows the head to remain stable and better orien  tation while the animal runs
- A sling of muscle in which the rib cage sits, stretches as the animal runs →  shock absorber
- If everything was fused solid, the head would bobble (not stable) as the animal would jump
- Appearance of limbs: 440 myr
- Pelvic girdle fused to the vertebral column: 385 myr
- Rotation of the knee and the elbow under the body (erect posture): 220 myr
- Most carnivore walk on their fingers or digits (digitigrade): 65 myr
- All cats have retractable claws: 25 myr
- Cheetahs have semi-retractable claws: 2.5 myr
- The hind legs of a cheetah is the result of 440 myr of evolution
- Over millions of years, the predator that has succeeded to catch the most prey has survived and the prey that had the fastest running speed has survived
- The effect of surprise is very important for cheetahs as they must get very close before accelerating to catch the animal
- The cheetah will never fight for their prey as it may damage their most important defense mechanism (their speed) which may result in early death → this has contributed to their successful evolution through time
Adaptations
- Vertebrates: locomotion organs (fins to limbs)
- Terrestrial tetrapods: pectoral girdle (scapula + clavicle) detached from the skull and pelvic girdle (pelvis) fused to the vertebral column
- Mammals: rotation of the knees and elbows under the body (support and/or speed)
- Carnivores: walk on fingertips (digitigrade)
- Compared to other Felines: 
- Fur pigmentation: Spotted fur allows them to get much closer to their prey due to  camouflage
- Long and thin limbs especially in the distal end (stride length)
- Lightweight slender and muscular body (speed)
- Flexibility of the spine (speed, stride length)
- Wide nostrils, heart and lungs with high functional capacity
What is a Cheetah?
- Mammal characterized by few derived traits (evolutionary innovations) that distinguish it from other felines
- Species is a result of 3500 myr of evolution 
- More the result of the history of its ancestors than itself
Genetic Variability
- Is the royal cheetah a new species or a mutant? Mutant
- A mutation changes the pigmentation development creating the unique fur pattern in the back
- There is barely any genetic variability in cheetahs coming from different areas of the world
- Population Bottleneck: most of the species died due to factors such as famine, weather, disease and only a few individuals remained
- The entire population of cheetahs at this time emerged from the few remaining cheetahs
- This causes low genetic variability which may result in endangerment 
American Cheetah
- Extinct for 20 000 years
- Pronghorn (North America) has a speed of 95 km/h which is quite close to the cheetah
- Scientists proposed that there must have been some kind of predator at some time that ran very fast
- Fossils have allowed us to predict that an animal lived in North America that was very fast and had morphology similar to the cheetah which disappeared around 20 000 years
	- Bones are indicative of a very fast predator
	- American cheetah is more directly related to puma than african cheetah
	- Convergent Evolution: there is no direct link between two species as they have different ancestors

Ch. 1: The Scientific Method
The Scientific Method
- Inductive Reasoning → Description-Based (ex. describing nature)
- Making a generalization based on multiple specific observations
- Particular to general
- NOT a good scientific process (high chance of incorrect conclusion)
- Only needs one hypothesis
- Deductive Reasoning → Hypothesis Based (ex. explaining nature)
- Stating a hypothesis and drawing conclusions after experimentation
- General to particular
- Ask questions about hypotheses
The Scientific Process
- Starts with observation → question → hypothesis → prediction
- Hypothesis must be verifiable, refutable, reproducible
- Prediction must be testable and give a clear result 
- A hypothesis can be falsified or not but can never be proved to be the scientific truth
- A hypothesis that hasn't been falsified after multiple tries = theory
- Ex 1: Professor and Oranges: Obs. This orange is sweet. Hyp. All oranges are sweet
- Prediction: If I can taste all kinds of oranges, then they will always be sweet
- Tests: Tasting all kinds of oranges - tasted a very sour orange in Madagascar
- Hypothesis = falsified
- Ex 2: Dead Fishes of Gatineau: Obs. Hundreds of dead fish in a river in Gatineau
- Initial postulated causes: toxic spill, anoxia
- Conducted proper necroscopies of the dead fish from the river
- Cause of death: Gas Bubble disease caused by the outflow of a hydroelectric dam  on the river
Contract Between Science and Knowledge
1. Initial Skepticism of Facts: Ask questions on facts and hypotheses and retest what has already been discovered
2. Realism: The world and all of its processes exist independently of my opinion of them
- In science, we must use a neutral approach independent of our own beliefs
- Religious, social ideas and beliefs can influence the way that one perceives science
3. Rationality: 
Logic: demonstration must be the result of coherent steps
Parsimony: methodological principle stating that acceptable theories are hypothetically the most economical in assumptions
- When we deal with a specific result with many possible hypotheses then the simplest solution is chosen with the least amount of assumptions
4. Methodological Materialism: all that is experimentally accessible in the real world is material or with material origin
Conclusion
- A valid scientific process needs to respect the clauses of the contract between the acquisition of knowledge and science
- Breaking a clause = invalidating contract

Ch. 2: Evolutionary Thinking before Darwin
2.1 Transformation in Antiquity
Anaximander
- First philosopher to write his thoughts
- Believed that humans originated from fish that attempted to invade the mainland
- Water is the central element of the universe
Empedocies
- All matter is made of four elements: Earth, water, air, and fire
- Love and strife interact constantly on these elements
Democritus
- Two realities are atoms and emptiness
- Matter: a group of atoms in movement, an atom cannot be destroyed or created (atomic theory)
- Intrinsic property, force of atoms that creates shapes
- Humans and animals are born directly from dirt (spontaneous generation)
Conclusions
- Acts of creation are not due to gods, but rather due to innovative power of matter
- Origin of all things is not teleological (having an ultimate goal) but a result of chance
2.2 Classical Thinkers
Socrates to Plato
- Answers are not found in nature but within self
- More abstract questions and contemplation of the soul
- Arguments about logical, ethical, and political questions instead of search for truth
- Essentialism: the visible, imperfect and changing realm which surrounds us is a poor imitation of an Ideal World
- There is a world of ideas or forms that's totally separate from the material world
- Variation of forms is unimportant; quest to understand ideal form is important
Aristotle
- Describing the essence of living beings which is observed in nature
- Believed that species were static and morphological variability is illusion and imperfection
- Vitalist: multiple levels of souls (vegetal, animate, rational)
- Scala naturae: great chain of beings where species are organized in a static hierarchy
2.3 Impact of Christianism
- God becomes the measure of all things and the Bible is the book of the day
- Scala naturae: becomes purely metaphysical, proclaiming the perfection of God
2.4 Fixity of Species to Transformism
- Due to the renaissance we go back to observing nature (expeditions) and experimentation and the power of religion in challenged
	- Great Chain of Beings: classification of living things
- French Revolution: more active pursuit of progress and more open-mindedness to science
Linnaeus
- Father of modern taxonomy, hierarchical classification, and binomial system of nomenclature
Buffon
- Objective to describe nature
- Established the Earth was 75 000 years old and initial temp was very high, since decreased
- Every family has a common origin (common ancestor of organisms)
Lamarck
- First evolutionist: species modify their morphology over time
- Environmental determinism: environment used as a factor of change
1. Principle of Usage and Non-Usage
2. Principle of Acquired Characteristics
- Gradual mechanism, adaptive and requires ability of organism to become more complex
- Spontaneous Generation: explains the presence of simple organisms
*Problem with theory: Acquired traits cant be inherited*
Cuvier
- Established Paleontology
- Theory of Correlation of Parts
- Believed in the fixity of species, extinction and catastrophism
- Progressive creationism
Hutton and Lyell (Geologists)
- Geological change is the result of a slow, gradual and continuous process
- Principle of Uniformity: The laws of nature are not affected by the passage of time
- Lyell established geology as a scientific discipline
- “present is the key to the past”

Ch. 3: Charles Darwin and Evolution
Charles Darwin 
- Was very fascinated by fauna and flora/taxidermy
- The Voyage of the Beagle: Objective was to do the cartography of the coast of South America
- Became the naturalist of the voyage
- Spends most of his time on land to sample fauna and flora and to study the geology
- During the trip, two books had an impact on Darwin
	- William Paley: “Theology, or Evidences of the Existence and Attributes of the Deity” → all life on Earth is so complex that it had to have been created by God
→ Used his own book and theory to refute Paley’s thinking and explain why it was untrue
	- Charles Lyell: “Principles of Geology”
→ Darwin’s Evidence: An earthquake off the coast of Chile completely changed the cartography; different sea levels and mostly underwater coast, shells on top of mountains
- Distinct fauna of South-America and on the Galapagos Islands had a profound impact on Darwin
Evolution and Natural Selection
- Species show resemblance to each other as they share a common ancestor (not a common environment)
	- Rejects fixity of species and accepts descent with modification (evolution)
	- Rejects Lamarck’s environmental determinism
	- Begins search for an evolutionary mechanism
- 99% of species that have lived on Earth are extinct
Finches
Lamarckian Theory: All species in the same environment will have the same morphology
- Darwin found that this was not the case when he travelled to south america and europe which had similar temperate zones
- Found several birds which he thought were different species but actually were the same, just with different beak shapes (depending on the fruit they ate)
- Hypothesized that all species have a distinct common ancestor
Darwin’s Inspiration
- Interested in fossils: research helped him find the missing links between some species and build his hypothesis
- “An Essay on the Principle of Population”
- Inspired him to formulate his theory of natural selection
- Every human population has a tendency to increase exponentially while resources increase arithmetically
- This leads to chaos and an eventual substantial reduction in population size
- Gave Darwin the idea that most species produce more offspring than can typically survive and inherited traits can vary in offspring (descent with modification)
Darwin’s Observations
1. All species can produce more offspring than their environment can sustain and most offspring fail to survive and reproduce
2. Members of a population often vary in their inherited traits
Two Inferences: 
- Individuals whose inherited traits give them a higher chance of survival and reproduction tend to have more offspring
- From generation to generation, the unequal capacity to survive and reproduce (differential reproductive success) results in accumulation of inherited traits in a population
	- This is Natural Selection. It enables the emergence of adaptations
Important Notions Linked to Natural Selection
- The species whose inherited traits give them the best chance of survival usually produce more offspring than can survive because if the species lacking the traits die off, it will produce an accumulation of species with the favourable traits
- Environment plays a role in determining a species chance of survival → class example: blue fish have inherited traits that give them better success than rest of population due to favourable environment (selective pressure), change in environment (ex. climate change) will allow red fish to have better success and blue fish will die off due to lack of genetic variability
- Populations evolve, NOT individuals (we are the carriers of genes, NOT modifiers)
- Only hereditary traits with variability can evolve (ex. Number of fingers can’t change)
- If a trait is well-adapted to its environment, it confers a higher relative fitness to its bearer
- Environmental factors vary over time so selective forces are variable
	- A trait with better fitness in specific environment may lose fitness is a diff environment
Why is Natural Selection Valid?
- Respects the principle of uniformity
- The results are visible in nature and can be verified with current populations
- A materialistic (no divine intervention) concept that is not random and not a quest for perfection
Artificial Selection is finalized as the goal, fixed well in advance, precedes the causes. The end result can be obtained in a few generations.
Natural Selection is not finalized. It can take a long time for changes to occur (geological time scale)
Examples
1. Peppered and Black Moth
2. Climate and Medium Ground Finch
3. Humans and Altitude
- Chapleau comes from a population that has always lived under 500 m above sea level 
- Guide was born on Qinghai-Tibet Plateau in the Himalayas and comes from a population which lives over 3500 m above sea level for at least 3000 years
- At over 2000 m, the partial pressure of oxygen is insufficient for natural saturation of hemoglobin for a traveller in high altitudes → shortness of breath, altitude sickness
- Physiological response (acclimatization): After a few days at high altitude, the body compensates the low partial pressure of oxygen by increasing the concentration of RBC in the blood → serious health risks: thrombosis, pulmonary edema
- Over several generations, the population has adapted where the number of individuals with the genetic traits allowing them to live at high altitudes has increased
Adaptations:
- Qinghai-Tibet Plateau: deeper breath, faster breathing cycle, larger pulmonary capacity and increased blood flow, lower hemoglobin concentration
	- Origin of adaptation: Denisovan Gene EPAS1
- Andes: higher alveolar surface in lungs, same hemoglobin concentration in blood but each molecule has a higher oxygen capacity
Conclusions
- Hereditary traits that give a reproductive advantage to individuals in a population will be favoured. From generation to generation, a higher percent of individuals will carry the adaptation = Natural Selection = Descent with Modification = Evolution
- Adaptations CAN (in certain situations) redefine a species or create a new one
Proof of Evolution: Homology
- Theory of evolution explains that certain traits can be similar and have different functions (Homologous Structures)
- Chick Embryo vs. Human Embryo
	- The post-anal tail and the Pharyngeal pouch are present in both embryos, however they dissapear eventually in humans
- Evolution of the Horse
	- Horses were ifst small, dog-like animals living in forests and feeding on leaves
	- The limb simplified which is observed in running animals
	- Teeth grew in size as habitat changed from forest to open land, as the diet changed → switch from browser to grazer
Proof of Evolution: Fossils
- The discovery of a fossil in the wrong place in the geological archives would be enough to refute our concept of evolution
- Humans have NOT evolved directly from Chimpanzees, but we share a common ancestor
- Linear Evolution: not realistic, evolution is far more complex than this
- Fossils helped us establish that whales came from quadrupedal mammals and not from fish
	- Hippopotamuses and whales have a common ancestor
Proof of Evolution: Vestigial Features
1. Posterior Limb in Whale
- A remnant of hips in whales which is floating around in the animal’s flesh → has no function
- Remnant of an animal that was a common ancestor and has hind legs
2. Nictitating Membrane
- Piece of skin in the corner of the eye (has no function in humans)
- Important structure for other species which covers the eye allowing animals to fly (birds)
- Indicator that humans had some ancestors to which this was a functioning structure
3. Appendix
- Tendency to become infected and then has to be removed
- Other mammals have a large pouch which allows for more digestion space → humans have this too, onto which the appendix is attached
- Indicator that we had an ancestor with this feature
4. Goosebumps
- Normal behaviour with no particular function
- Every strand of hair has its own muscle which contracts when cold causing the hair to stand up → for an animal with thick fur it creates a layer of fur above the skin which will trap air that will be warmed by the body’s heat
- Humans have the functional aspect but dont have the hair
5. Hiccups
- Not present in other species of mammals
- Caused by the pinching of the phrenic nerve which is partially attached to the diaphragm
- The phrenic nerve is very long (not optimal) due to our ancestors → fish have their respiratory organs in their throat and as we transitioned to land the organs gradually shifted down as the nerve followed
Theory of Evolution
- Theory can be falsified very easily (ex. Fossil in incorrect location in geological archives)
- Theory is quite strong as it has never been falsified and there is no scientific alternative

Ch. 4: Genetics, Neo-Darwinism and Modern Synthesis
Transmission of Traits - Pre Mendel Perspectives
- Originally believed that humans were performed → egg and sperm don't require each other to form offspring
- Theory of Blending Inheritance: universal theory accepted until the end of the 19th century
	- Both parents participate equally in the genetic makeup of offspring
	- The child would show an intermediate value (between traits of parents) for each trait
	- This would cause all individuals to become identical or very similar, rapidly: FALSE
Darwin’s Pangenesis
- Theory of gemmules (hereditary particle) produced by each part of the body
- When an organ is used, it grows to contain more gemmules and vice-versa
- The gemmules are transferred from all over the body (through the blood) and assembled in the gametes when they are formed
- Gemmules are the particles associated with the transmission of heredity
- Francis Galton (Darwin’s cousin) refuted this by performing blood transfusions on various organisms (rabbits)
	- Traits weren’t transferred = no existence of gemmules shown
August Weismann’s Theory
- Only the sex cells are responsible for heredity
- Beings have two parts: germline (gametes) and soma (rest of the body)
- Germline is not affected by environmental influences and hereditary is the continuation of the germline
- Germline and environment can influence phenotype but NOT the other way around
- ONLY Natural Selection can eventually modify the germline
- We are only the carriers of genetic material
Lantern Fish Example
- Upon birth, the males only objective is to find a female to mate with (quite early on)
- They will attach to the female and will eventually fuse together losing all of their bodily components (organs, etc. ) until only the sperm cells remain
- Often, a female will fuse with multiple males resulting in a great deal of genetic variability and a high success rate for the organism
- The phenotype can evolve into all kinds of complex or simple shapes, can be reduced into only the expression of the germ line as shown in this example
- The soma in independant to the germline


