Introduction to Cell Biology: The Cheetah

· Example of evolution: Locomotion in Cheetahs
· fastest 4 legged animal on land
· attain speeds of 110km/h
· 121km/h is the highest
· 10,000 free cheetahs left
· hunt herbivores, the gazelles below
· strategy of catching prey: gets 100m close to prey, it will rely on acceleration, 0-75km/h in 2seconds
· before the prey even has time to react its too late
· based on speed and burst of speed
· Example of Evolution: The Cheetah
· Pelvic girdle (pelvis) fused to the vertebral column (propulsion) 
· Pectoral girdle (scapula) not directly attached to the vertebral column (slides on the rib cage) (propulsion, orientation, stride length)    
· Shock absorber, is the pelvis 
· scalpula is on the underneath for the cheetah contrary to us humans which ours is on the side, sliding on the ribcage
· forelegs for cheetah ‘slides’ on the ribcage (like a lubricant)
· cheetah has a lean body built for speed and catching its prey
· main problem with the cheetah is that the cheetah will never defend its prey, clearly evolutionary, the success rate of catching prey is very high, but once it gets hurt it never goes back to being the cheetah it once was, it can end up starving as it won’t be able to catch prey as efficiently
· cheetah can eat 10-15kg all at once for its prey
· anterior part of the body: Limbs are not fused to the vertebrael column
· they are parrallel to the thoraxic cage, thoraxic cage sits on a string of muscles,
· Forelegs: helps the animal direct it self when going for prey
· shock absorber
· if the limbs were fused the head would bob
· Hindlegs: 
· main feature of hind legs is that they are attached to the hips and the hips are attached to the vertebral column
· Hindlegs pushes the animals to the highest speed allows the animal  (propulsion)
· Hindlegs are the motor
· Evolution of cheetah is more down of its ancestors
· Bridge Analogy
· A node in the vertebral column in a quadrupedal mammal, divides the responsibility of the fore legs and hind legs
· Connection with fish
· fins existed for 440 million years
· limbs and pectoral and pelvic fins are homologous, share a common ancestor
· we can say this as their is a beautiful sequence becoming slowly and surely having the characteristics of a limb
· humerus originated for locomotion in aquatic environment 
· when attached to the vertebral column it provides add structure and support, prevents collapsing of internal organs	
· Pelvic girdle fuse to the vertebral column 385 MYR
· the fusion occurred in amphibians between legs and the vertebral column
· limbs detach from cranium allow for independent movement 
· when you fuse bones you don’t need ligaments or muscles 
· flexibility of the spine 
· Rotation of the knee and the elbow under the body (220 MYR)
· Cheetahs have legs under their body, act as support
· Limbs go under the body as a more efficient method of moving around
· Limbs act a pendulum, this feature evolved in all mammals
· Amphibians have a sprawl position (uterus/penis is parallel to the ground)
Limbs become underneath the body giving organisms an easier way to move around 
· 220MYR ago: all reptiles had the limbs outside the body, had to do a pushup to move, lift themselves up and do torsion from the body to move
· everything now under the body first fossil mammal who had has the rotation and legs and arms under the body
· Most carnivores walk on their fingers (digitigrade) (65MYR)
· digitigrade, more speed, longer legs longer strides, more faster, cheetahs have longer foot to allow them to go faster
· means they walk on the digit themselves
· allows animal to have a longer stride
· long legs=longer stride 
· evolved to walk on tows to run faster but still have claws, they trip the prey first the cheetah
· the prey walk on hooves 
· humans are plantigrade
· preys are unguligrade
· All cats have retractable claws: 25MYR
· all cats have retractable claws, unique to something-finde
· belongs to felidae
· one of the characteristics of the hind limb is that they have retractable claws
· Cheetahs have semi-retractable claws: 5.5 MYR
· cheetahs have additional grip due to semi retractable claws, easier to turn at a higher speed, more traction to the ground
· The hindlegs of a cheetah is the result of 440 MYR years of evolution
· Adaptations of Vertebrates in Cheetahs
· locomotion organs (fins or limbs)
·  Adaptations of terrestrial __tetrapods_ in Cheetahs
· Pectoral girdle (scapula) detached from the skull
· Pelvic girdle (pelvis) fused to the vertebral column.
· Adaptations of Mammals in Cheetahs 
· Rotation of the knees and elbows under the body (support and/or speed) 
· Adaptations of the family Carnivores in the Cheetahs.
· Walk on fingertips (digitigrade)
· Pectoral Girdle
· its fused to the head, main evolution is that the pectoral unfused from the head, creating a neck
· Adaptations of the cheetah compared to other felines
· Fur pigmentation (unique to cheetah)
· 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?
· A cheetah is a mammal characterized by few derived traits (evolutionary innovations) that distinguishes it from other feline species.
· The species is the result of _3,500 MYR of evolution. Why?
· More than 99% of its characteristics have evolved in species that are now extinct. 
· Less than 1 % of its features are unique.
· They have no genetic variability 
· So the cheetah is more the result of the history of its ancestors than of its own history. 
· This applies to all living species, including humans.
· Cheetah are so similar that if more than one got a disease they would both die
· Population Bottleneck
· Population bottle neck, the population of the cheetah became very small, the small population of the cheetah had a very little genetic variability
· Royal cheetah is a mutation
· American cheetah extinct for 20,000 years
· Pronghorn
· can go up to 95km/h
· they are so fast because there could have been such a fast predator and therefore the pronghorn evolved into a very fast creature

Chapter 1: The Scientific Method

1.1

Science: A coherent body of knowledge related to certain categories of facts, objects or phenomena obeying laws that are verifiable through experimental methods.
· A way of knowing, an approach to understand the natural world
	

Two Types of scientific inquiry: Description based, and Hypothesis based. All scientific inquiry starts with an observation

Hypothesis: Tentative answer to a well framed question, must lead to predictions, usually guided by inductive reasoning

Experiment: A scientific test carried out under controlled conditions

1.2

Inductive Reasoning: Making a generalization often based on numerous specific observations. particular-->general. (Description based) (making an observation then generalizing it)
Example: Observation-----this orange is sweet, gen: all oranges are sweet
· Induction entails reasoning from a set of specific observations to reach a general conclusion

Deductive Reasoning: Involves stating a hypothesis and drawing conclusions (after experimentation or observation) from this. hypothesis general -->particular. (Hypothesis Based)
· Involves logic that flows in the opposite direction, from the general to the specific. Deductive testing involves using ‘if...then’ logic.
· Take the form of predictions of results that will be found if a particular hypothesis is correct
· A type of logic in which specific results are predicted from a general premise
· 

Scientific Hypothesis: Must be verifiable, refutable, reproducible
· From hypothesis you make a prediction
· Predictions must be testable and written in ‘if...then…’
· Hypothesis can be falsified or not falsified
· We can never prove that a hypothesis is the scientific truth

***check for comments on slide 9

Scientific Process is:

1. Observations
2. Hypothesis
3. Predictions
4. Tests
5. Refuted or not refuted
· Scientific process is circular not linear, involves backtracking, repetitions etc.

If a hypothesis is true and facts are discovered:
· There is initial skepticism on facts
. We ask honest questions on facts and hypothesis (tangible/real things) and we always re-test what has been found
. Scientist will always ask questions about the facts found
· Realism
. The world is older and exists independently from my perception of it (the realm of ideas does not have the priority over the real world)
· Rationality: Respect the steps of Science
. 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. Essentially is making theories with many assumptions, however the simplest explanation is the best.
. Crop Circle Enigma is an example of Parsimony 
· Methodological Materialism:
· All that is experimentally accessible in the real world is material or has a material origin.
· We need to explain the real world with a materialistic approach, all experiments must be done with materials easily accessible in the real world

Does Camouflage affect predation rates on two populations of mice?


· Non-camouflaged models suffered a higher predation than camouflaged models. 

Mimicry: Refer to textbook for this

Two Types of mimicry:
· Batesian: A type of mimicry in which a harmless species looks like a species that is poisonous or otherwise harmful to predators (one is toxic, one isn't) 
· Mullerian: Reciprocal Mimicry by two unpalatable species (both species are toxic, similar appearance) 

Example of Mimicry: Monarch and Mimic Octopus

Viceroy and Monarch exhibit mimicry. Initially people thought that Viceroy and Monarch had Batesian Mimicry because monarch was toxic as it ate milkweed, and viceroy wasn't but it's mullerian because the viceroy is also toxic. 

Predators can also use mimicry such as the mimic octopus which can take on the appearance of a dozen marine animals to approach their prey and eat it. It can also ward off its prey by turning into the predator’s predator. 





Chapter 2:
2.1 Transformation in Antiquity 
Anaximander:
· First philosopher to write his thoughts
· “Animals are born from the sea, by solar heat on water. They were first wrapped in spiny bark...as they aged, they migrated on the mainland. When the bark burst, they survived briefly in their new lifestyle.”
· Thus, humans originated from fishes that attempted to invade the mainland
· Water is the central element of the universe
· Everything came from water
Empedocles: had a materialistic view
· All structures of the world (matter) are made of four elements: earth, water, air, fire. These elements are simple, eternal and unalterable (harmonious). 
· Two major forces interact constantly on these elements; love (combine tendency) (attraction or harmony) and strife or hate (caused things to go away from each other) (repulsion or discord)
Democritus:
· The most ‘scientific; of the Greek philosophers.
· Two realities: atoms (basic elements of the universe) and emptiness
· Matter: group of atoms in movement. An atom cannot be created or destroyed (atomic theory)
· There is an intrinsic property, a force of atoms that creates shapes
· Humans and animals are born from dirt by the result of chance (all individuals will go back to atoms) (spontaneous generation)
Conclusion:
· Acts of creation are not due to gods, but rather due to the innovative power of matter
· The origin of all things is not theological (namely, with an ultimate goal), but is the result of chance or of an irrational need.
2.2: Classical Thinkers
Socrates (the great debater)-Plato:
· With the classical tradition, the materialistic approach of past philosophers gives way to more abstract questions and to the contemplation of the soul.
· The important questions are not materialistic, but rather linked to a search for beauty, kindness, justice and sanity.
· Arguments about logical, ethical and political questions are more interesting than the search for truth.
· The answers are not found in nature, but within the self.
· Theories of Ideal Forms (Essentialism: defines the essence of life, anything that doesn’t look perfect is an imperfection): the visible, imperfect and changing realm which surrounds us is a poor imitation of an Ideal World (permanent and perfect that we possess at birth: the world of Ideal Forms).
· The variation of forms is not important only the quest to define the Ideal Form is important.
· This philosophy will have a lasting impact on our perception of nature.  
· Gods are the creative forces.

Aristotle:
· Does not believe in the ideal innate world. 
· Important to describe living beings by their essence; this essence can be observed in nature. 
· The species are static (unchangeable). Thus, morphological variability is illusion and imperfection.
· He is a vitalist and perceives multiple levels of souls with cumulative effects: vegetal (plants), animate (animals) and rational (humanity).
· Created the scala naturae: species are depicted in a static and unchangeable hierarchy.
· greatest scientist of the antiquity, he didn’t believe that variability was that important
· viewed species as fixed
· life forms could be arranged on a ladder, or scale, of increasing complexity

Plato vs Aristotle:

Plato
· There is a world of Ideas or Forms that is totally separate from the material world. Every thing 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.
· Your born with ideal photo of pigeon, you see the imperfections

Aristotle
· There is no need to postulate the hypothetical existence of an innate world of Ideas or Forms. We find the essence of things by carefully examining the world around us.
· You have to observe nature to define the ideal form

2.3 Impact of Christianism

· Christianism was dark period of science, nobody wanted to study evolution
· With the decline of the Roman empire, Christianity becomes the main ideology in the western world.
· This will be the dark age for tranformism (evolutionary thought) 
· God becomes the measure of all things, and the Christian bible, the word of the day.  
· The concept of scala nature  becomes purely metaphysical, proclaiming the perfection of the Creator.

2.4 From Fixity of Species to Transformism

· Transformism: more freedom of thoughts
· Renaissance in Europe (14th to 17th Century)
· Back to nature (great expeditions and discoveries)
· Power of religion is progressively challenged
· Period of enlightenment for science more specifically biological nature
· French revolution (end of 18th century)
· Challenge of ordered systems (monarchy) for an active pursuit of progress
· More open-mindedness towards science
· During and immediately after the renaissance, there was a return towards experimentation and the observation of nature. 
· There remain attempts to classify living organisms within the Great Chain of Beings.

Linneaus:
· Linnaeus, influential Swedish scientist, father of modern taxonomy (Systema Naturae, 1758)
· Hierarchical classification
· Binomial system of nomenclature (e.g. Homo sapiens).
· Developed this
· Discovering each piece of the ultimate puzzle, the Plan of Creation.
· Linnaeus’s work remains an important contribution and his perfect application of the essentialism of Aristotle.
· Classified diversity as ‘for the greater glory of god’
· Adopted nested classification system
· Grouping similar species into increasingly general categories
· Exp: similar species are grouped in the same genus
· He did not ascribe the resemblances among species to evolutionary kinship but rather to the pattern of their creation

Buffon:
· Objective: describe nature (44 volumes)
· He wrote (around 1740):  
· “every family, from animals to plants, has a common origin, all animals derive from one animal, which through time produced all animal species in existence today”.
· His theory established the age of Earth to be around 75 000 years. According to Buffon, the initial temperature of the Earth was very high. Since then the climate has mellowed out. 
· The faculty of Theology of the Sorbonne censored, in 1751, many of Buffon’s theories because of its conflicts with religious views. 
· Thus, he decided to abandon his evolutionary ideas and to focus on observing nature.

Lamarck:

· First evolutionist (nobody accepted his theory but he still published) (species modify their morphology through time).
· 
· The second principle was inheritance of acquired characteristics, stated that an organism could pass these modifications to its offspring
· Uses the environment as a factor of change (environmental determinism). 
· by stretching your leg and pushing it this will be inherited by the next generation, this can be applied with giraffes trying to get food from the trees but since they kept stretching their neck they adapted and got longer necks
· 2 principles (affects individuals): 
· Principle of usage and non-usage.  
· Principle of inheritance of acquired characteristics.  
· Gradual mechanism, adaptive and involves an innate ability (internal force) of an organism to become more complex.
· Spontaneous generation explains the presence of simple organisms.
· Theory not well received by his peers, since it contradicted religious theories.
· Problems were:
· Acquired traits cannot be inherited
· First principle was use and disuse, the idea that parts of the body that are used extensively become larger and stronger, while those that are not used deteriorate.

Cuvier:
· French scientist interested in mammal fossils
· Established the fundamentals concepts of palaeontology.
· The older the stratum the more dissimilar its fossils were to current species
· From one layer to the next species appear and disappear.
· Theory of correlation of parts (organs).
· Cuvier believed in the fixity of species and catastrophism.
· Cuvier strikes the final blow to the unifying concept of the great chain of beings, proclaiming God as the Creator of 4 major types of animals (Radiata, Mollusca, Articulata, Vertebrata).
· Developed paleontology which is the study of fossils
· The older the stratum the more dissimilar its fossils were to current life-forms. 
· One layer of stratum to the next some species disappeared and new species generated
· Did not believe in evolution but believed in extinction
· Believed that regions between strata represented a sudden catastrophic event had destroyed many of the species living in the area (flood).
· He believed that these areas were repopulated by different species immigrating from other areas


Hutton and Lyell (geologists):
· Geological changes result from a slow, gradual and continuous processes. 
· Principle of uniformity (uniformitarianism):The laws of nature are not affected by the passage of time.
· “the present is the key to the past”
· Vision of the world: “with respect to human observation, this world has neither a beginning nor an end. 
· Lyell is the first to establish geology as a scientific discipline.
· Hutton proposed that Earth’s geologic features could be explained by gradual mechanisms such as valleys being formed by rivers
· Lyell then used Hutton’s thinking into his proposal which was that geologic processes are operating today as in the past, and at the same rate. 
· They strongly influenced Darwin’s thinking

Extra Textbook:

· All fossils are found in sedimentary rocks formed from the sand and mud that settle to the bottom of seas, lakes, swamps, swamps, and other aquatic habitats
· New layers of sediment cover older ones and compress them into superimposed layers of rock called strata
· Strata: a rock layer formed when new layers of sediment cover older ones and compress them
· Fossils in that stratum indicate that they populated the earth at the time that layer formed
· Palaeontology, the study of fossils, was developed 


Chapter 3:
Charles Darwin: Education and Family
· Born February 12th, 1809
· Father was a doctor. 
· Mother was from the Wedgwood family (porcelain).
· He married in 1838 to his cousin Emma Wedgwood (1808-1896)
· Had 10 children
· He abandons his studies in medicine and takes a more serious interest in religion (CambridgeU).
· Prerequisite to become a pastor: Bachelor of Arts  
· Became interested in nature: taxidermy, insects collecting, botany, etc.


3.2 The Voyage on the Beagle
· In 1831, he leaves on the Beagle, a ship commissioned by the British government to  cartography the South America’s coast. 
· Darwin was invited on board as a companion of the captain Fitzroy but quickly became the naturalist of the voyage.
· He travels the world and spends most of his time on land to sample the fauna and flora and to study the South-American geology.
· The voyage planned for two years, lasted five years.
· During the voyage, two books greatly influenced Darwin
· William Paley (1743-1805): “Theology, or evidences of the existence and attributes of the deity”. 
· Paley is the father of the Theology of Nature. This theology advocated that harmony and design of nature as indicators of the existence and the act of God (today = intelligent design). 
· Charles Lyell : “Principles of Geology”.
· This work had a great impact on Darwin. He started his expedition thinking like a good protestant believing in the Great Flood and in Cuvier’s catastrophism. 
· When he returned five years later, he agreed with Lyell and Hutton’s principles of uniformity.
· Physical evidence did not support the traditional view that Earth was only a few thousand years old
· Started in Europe when to south america then to Galapagos islands
· he touched all continents
· The very distinct fauna of South America had a profound effect on Darwin: 
· Why do the fauna and flora of Africa, Europe, Australia and South America have relatively few species in common?
· Why are the animals and plants of the temperate zones of South America resemble the species living in the tropical zones of South America but not the species in temperate Europe?
· Why are the mammal fossils of South America absent from the current fauna (e.g. Giant Sloth)? Why do these fossils show resemblance with current species found only in South America (e.g. Three-toed Sloth)? 
· Fauna on the Galápagos Islands surprises Darwin.
· The fauna on the Islands is unique. Why?
· Why does it show resemblance with species on the American continent? 
· Why so much shell variability in Tortoises in the Galápagos?
· 
· Why  so much morphological variability in one group? 
· There was a theory that all species living in the same environment (no matter the location) should look similar Darwin was not seeing this
· 
· Why does each island, in most cases, have their own species?
· Although Darwin was a creationist at this time, he was curious as to why species were like this. However, he did not have time to make further observations at the time.
· 
· The fines are similar because they share a common ancestor
· Natural Selection: A process in which individuals that have certain inherited traits tend to survive and reproduce at higher rates than other individuals because of those traits



Evolution and Natural Selection
· In 1837, we find in Darwin's notes the first mention that species resemble themselves because they share a common ancestor (and not a common environment).
· Rejects fixity of species and accepts the concept of descent with modifications (evolution).
· It is a very materialistic vision, thus  in contradiction to the religious dogma of the time.
· Rejects Lamarck’s evolutionary mechanism (environmental determinism)
· Thus, he begins the search for an evolutionary mechanism.
· 99% of species that have lived on Earth are extinct.
 
· Most of the evolutionary branches finish in a dead-end.
· In 1838, Darwin read “ An essay on the principle of population” written by the economist Thomas R. Malthus
· This reading became one of the main sources that brought him to formulate his famous theory on natural selection.
· Every human population has a tendency to increase geometrically, whereas the available resources to feed these populations increase _arithmetically_.
· The human population 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 
· Darwin’s second observation : Members of a population often vary in their inherited traits. 
· 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 reproduce (differential reproductive success) results in an accumulation of favourable traits in a population.
· This is natural selection. It enables the emergence of adaptations.  
· It is a letter from Alfred Russel Wallace (1823-1913), received in 1853, that forced Darwin to publicly release his ideas.
· 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 after his voyage on the Beagle that Darwin publicly released his views on the evolution of species.
· On the same day, in 1858, Darwin and Wallace presented a resume of their ideas on natural selection to the Linnean Society of London.
· In 1859, Darwin publishes the first edition of his book “On the Origin of Species”. The book became an instant bestseller and created great controversy. 
· The important arguments against his theory. Most of these coming from his creationist colleagues.     
· 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.
· Natural selection corresponds to differential 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.
· Traits in populations will change and can modify the species.
· For Darwin this mechanism 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. (e.g. artificial selection)
· It is a material concept (no need for divine intervention): 
· The mechanism is not random. Natural selection enables individuals that are better adapted to their environment to become more abundant than those who are not (differential reproductive success).
· Artificial selection is finalized because 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).
· 
· Not a quest for perfection (evolution is not a directed process). It does not lead to the appearance of “perfect” traits. Organisms only adapt to their environment.


Climate and the Medium Ground Finch
· - Drought in 1977 (also in 1980, 1982)
· - Population 1200 adults to 80.
· - Selection favouring individuals that have bigger and stronger beaks to break available seeds during the drought.
· [image: ] [image: ]
· Changes in the height of the Medium groundfinch’s beak (Geospiza fortis) on Daphne Major Island during the 1977 drought. (left) 
· Correlation between the height of the beak in parents and offspring for G. fortis on Daphne Major Island. The slope of the relation is 0,74; which indicates that the traits are inherited from the parents (74%). (right)

Evolution and Natural Selection: Humans and Altitude

· Over 2 for a normal 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 by increasing the concentration of red blood cells in our blood. Serious health risks: thrombosis, pulmonary edema, etc.)
· Many regions in high altitude were independently colonized by humans.
· On the Qinghai–Tibet Plateau, human adaptation to high altitude differs from the Andes.
· Adaptations
· Andes
· Increase in hemoglobin concentration (red blood cells).
· Qinghai–Tibet Plateau 
· Increased blood flow.
· Natural selection keeps the individuals with the genetic traits that allow adaptation to high altitude. This means that individuals that have the mutation are at an advantage for survival and reproduction (production of offspring)

· Evolution and Natural Selection
· In all three cases (moths, finches and humans), the hereditary traits that enable a reproductive advantage (ie adaptation) to individuals in a population will be favoured over other individuals. (thus, there will be a greater percentage of individuals carrying the adaptation in each generation). That is natural selection. It’s Darwin’s descent with modification. It’s evolution. 
· These adaptations can sometimes define a species and, in certain circumstance, define a new species.  


· Proof of Evolution: Homology
· Descent with modification theory  (theory of evolution) explains the resemblance between certain traits even if the functions are different. 
· (Homologous structures)
· common characteristics was tail and pharyngeal pouches, same common ancestors (chick embryo vs human embryo)
· Homology:
· it means that a feature can define a group of very large animal
· Horses Example:
· eocene: used to eat leaves from trees, teeth above the gum is fairly small, only feed on vegetation, there toes, they have a complicated foot
· the foot in general becomes much simpler, only one toe left, more simple limbs, less bones means the animals has less muscles,  less ligaments meaning its an adaptation for speed
· the teeth have now gotten bigger due to the lining of the gum getting bigger allowing for a greater wear and tear
· evolution is not linear
· humans are very similar to horses
· Proof of Evolution: Fossils
· Pakicetus, found in Pakistan
· Hippos likely evolved from a group of anthracotheres about 15 million years ago, the first whales evolved over 50 million years ago, and the ancestor of both these groups was terrestrial. These first whales, such as Pakicetus, were typical land animals. They had long skulls and large carnivorous teeth.
· Proof of evolution: Vestigial Structures
· Skeleton of a dwarf subspecies of a blue whale (Balaenoptera musculus) ((max length: 24 m). 
· hips are in flesh and have no role
· Take note of the reduced vestigial posterior limb, the pelvis reduced to a floating pelvic bone under the spine. 
· vestigial structure: anatomic structure that has lost almost all of its initial function.
· Nictitating membrane or third eyelid.
· fish have this and human don’t have a real function
· Appendix
· tendency to inflame, is reminiscent of a ver large structure that we used to have: the function was used for vegetation to marinate with microorganisms so that they could break down the cell wall of the vegetation’
· humans have lost the caecum
· Goose Bumps and hair
· this fine coat of hair is interesting in the sense that, if ur a mammal u will have a high density of hair meaning it will try and preserve heat, the tip of hair will form a layer meaning that it will ensure that the air between the tip and the root of the hair is warm
· goosebumps is a reaction in response to prevent hypothermia
· Hiccups
· A heritage from fishes and amphibians
· hiccups is a nervous reaction
· phrenic nerve attach to the diaphragm
· contraction with diaphragm, the epiglottis
· the nerve gets squished you will get hiccups
· scientific view is to move your organs to get the nerve unsqueezed
· should go away from a minute
· basically because our ancestors were fish that is why we have nerve that so far down
· lungs are much lower in the body of humans than the nerve has simply elongated with the new system
· we have the long nerve because at some point we used to be fish 
· this has been used to say that humans are imperfect
· Discovery of a fossil in the wrong place in the geological archives would be sufficient to refute our concept of evolution 
· if we find a human in the devonian era the theory of evolution could be refuted, if we find a fossil in the wrong part then there is a problem of the theory of evolution


Chapter 4:

4.1 Transmission of traits (inheritance):

· Preformism
· All adults are a present in their sex cell of, but in a miniature size
· Development of individuals: preformist theory until the 19th century. Accepted theory today: epigenesis.
· According to artistole, embroyo go through much cell differentiation to achieve the desired ‘product’
· Theory of blending inheritance: universally accepted theory until the end of the 19th century
· 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
· Thus, rapidly , all individuals would 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. The contrary is also applicable.
· The gemmules would be transported in the bloodsteam from all parts of the body and assembled in the gametes when they are formed
· Gemmules would the particles associated with the transmission of hereditary
· Francis Galton’s (1822-1911) experiment refuted Darwin’s hypothesis

4.1.3 Transmission of traits (inheritance): August Weismann’s Theory (1834-1914)

· Weismann proposed that only the sex cells were responsible for hereditary, whereas the rest of the organism was only a structure doomed to disappear with the death of the individual
· Ivings beings are dividided into the two parts with distinct outcomes: germlime (gametes) and the soma (the remainder of the body)
· The germline is impervious to environmental influences and heredity is simply continuity of the germline
· Thus, the germline and the environment can influence the phenotype, but the soma and the environment have no influence on the genotype. 
· Natural selection is the only mechanism that can eventually modify the germline of a population.
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Sexual Life of the Monkfish (lophius spp.)

· There are light producing bacteria that attracts prey
· females are thotties and they want sperm from multiple guys to ensure success
· males being much different than the females is called dimorphism
· A good example that shows that the soma is first and foremost the receptacle of the germline.
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