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1.1 Definition of science
· Science: intellectual and practical activity encompassing the systematic study of the structure and behaviour of the physical and natural world through observation and experiment
· Biology: science of how life works
· Scientific inquiry: diverse ways in which scientists study the natural world and propose explanations based on the evidence derived from their work
· Two approaches
· Description based (dba)
· Ex. Describing nature
· Hypothesis based (hba)
· Ex. Explaining nature
1.2
· 1.2.1 Inductive reasoning (dba)
· Making a generalization often based on numerous specific observations
· Particular  general
· 1.2.2 Deductive reasoning
· Involves stating a hypothesis and drawing conclusions (after experimenting or observation) from this hypothesis
· General particular
· 1.2.3 Scientific process
· Observations  generalizations
· Obs. This orange is sweet
· Gen. all oranges are sweet
· All scientific inquiry starts w one or multiple observations
· Subsequently, the scientific process must be implemented
· Scientific hypothesis must be verifiable, refutable and reproduceable
· Can’t be a one-off experiment
· 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
· We can never prove that a hypothesis is the scientific truth
· If a hypothesis has survived multiple falsification attempts, then it is a theory
· Orange example
· Obs. This orange is sweet
· Hyp. All oranges are sweet
· Pred. If I taste all kinds of oranges, then they will always be sweet
· Tests. Tasting all kinds of oranges
· Travel to Madagascar
· Tasted a very sour orange
· Hyp. Falsified
· 4 clauses
· Skepticism
· Realism
· Rationality
· Methodological materialism
· Contract between science and knowledge (the ability to know)
· Initial skepticism
· We ask honest question on facts and hypothesis (Tangible/real things) and we always re-test what has been 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
· Logic: demonstrates 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
· Methodological materialism
· All that is experimentally accessible in the real world is material or has a material origin
· Crop circles
· No one knew where they came from
· People did them at night to avoid getting caught by farmers
· Art
· Mimicry
· Viceroy
· Thought to be non-toxic
· Monarch
· Toxic
· Look very similar but predators know not to eat monarchs
· Camouflage to avoid predators
· Found out viceroys are actually toxic
· Retesting led to this discovery
· Shows importance of retesting
· Scientific process
· Hypothesis
· Prediction
· if… then… statement
· Test
· A comparative analysis of fish species delivery in a region w small lakes, w and wo introduced piscivores
· Results
· Lakes wo introduced piscivorous fish species gave significantly more (50%) small-sized fish than lakes w introduced piscivores
· Recommendation
· No piscivorous species introduction into Gatineau park lakes to preserve the park’s biodiversity
· Conclusion
· In this chapter we have established the definition of science and explained the scientific method/process w several examples
· Important: a valid scientific process needs to respect the clauses of the contract between the acquisition of knowledge and science
· Breaking one of the clauses invalidates the contract because the acquisition of knowledge is not associated with an objective search for the scientific truth (which we can never say we have obtained)

Evolution Before Darwin
2.1 Transformism in Antiquity
2.1.1 Anaximander (610-546 BCE)
· 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”
· Everything came from regular
· Humans originated from fishes that attempted to invade the mainland
· Everything comes from fish
· Water is the central element of the universe
2.1.2 Empedocles (483-423)
· All structures of the world (matter) are made of four elements
· Water
· Air
· Fire
· Earth
· Simple, eternal and unalterable
· Two major forces interact constantly on these elements
· Love
· Attraction or harmony
· Strife or hate
· Repulsion or discord
2.1.3 Democritus (460-360)
· Most “scientific”
· Two realities
· Atoms
· Emptiness
· Matter: group of atoms in movement
· Atom cannot be created nor destroyed
· Atomic theory
· Intrinsic property
· Force of atoms that creates shapes
· Humans and animals are born directly from dirt
· Spontaneous generation
Conclusion
1. Acts of creation are not due to gods, but rather due to the innovative power of matter
2. The origin of all things is not teleological (namely, with an ultimate goal), but is the result of chance
2.2 Classical Thinkers
2.2.1 Socrates (469-399 AD) – Plato (427-347 AD)
· With classical tradition, materialistic approach of past philosophers gives way to more abstract question and to the contemplation of the soul
· Important questions are not materialistic but rather linked to a search and an understanding of the concepts of 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)
· All born with perfect view of the world
· 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)
· Variation of forms is not important
· Only the quest to define and understand the ideal form is important
· Has a lasting impact on our perception of nature
2.2.2 Aristotle (384-322)
· Doesn’t believe in the innate aspect of the world in ideal forms
· Important to describe essence of living beings and this essence is observed in nature
· Species are static
· Unchangeable
· Morphological variability is illusion and imperfection
· Vitalist
· Perceives multiple levels of souls with cumulative effects
3. Vegetal (plants)
2. Animate (animals)
1. Rational (humanity)

· Created scala naturae (great chain of beings)
· Species are organized in a static and unchangeable hierarchy
Plato vs Aristotle
· Plato
· World of forms is innate
· Aristotle
· Plato’s student
· Opposing views
· Carefully examining the world around us
2.3 Impact of Christianism
· With the decline of the roman empire, Christianity becomes the main ideology in the western world
· Dark age for Transformism
· Evolutionary thought
· God becomes the measure of all things
· Christian bible is the word of day
· Concept of scala naturae becomes purely metaphysical, proclaiming the perfection of the Creator
2.4 From Fifty of Species to Transformism
· Renaissance in Europe 14th-17th century
· Back to nature
· Power of religion is progressively challenged
· French revolution end of 18th century
· Challenge of ordered systems (monarchy) for an active pursuit of progress
· More open-mindedness
· During and immediately after, there’s a return towards experimentation and the observation of nature
· Attempts to classify living organisms were done within the framework of the Great Chain of Beings
2.4.1 Linnaeus 1707-1778
· Influential Swedish scientist
· Father of modern taxonomu
· systema naturae, 1758
· hierarchal classification
· binomial system of nomenclature
· homo sapiens
· discovering each piece of the ultimate puzzle, the Plan of Creation
· Linnaeus’ concepts remain valid today
· Excellent application of the essentialism of Aristotle
2.4.2 Buffon 1707-1778
· Objective: describing nature (44 volumes)
· He wrote
· “Every family, from animals to plants, has a common origin, all animals derive from one animal, which through time produced 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.
· Faculty of Theology of the Sorbonne censored, in 1751, many of Buffon’s theories bc of conflicts w religious views
· He then decided to abandon ideas and focus on observing nature
2.4.3 Lamarck 1774-1829
· First evolutionist (species modify their morphology through time)
· Tried to imagine how evolution would occur
· Uses the environment as a factor change
· Environmental determinism
· 2 principle (affects individuals)
· Principle of usage and non-usage
· Principle of inheritance of acquired characteristics
· What you do in your life can be transmitted to the next generation
· Giraffes had to adapt to reach leaves higher up in the trees
· Gradual mechanism, adaptive and involves an innate ability (internal force) of an organism to become more complex (i.e. the static ladder chain becomes an escalator)
· Body is not symmetrical
· i.e. tennis player
· one side (dominant side) stronger and therefore bigger
· adapts to the strain put on the body
· spontaneous generation explains the presence of simple organisms
· published a book in 1809
· proposed theory by which species changed over time
· theory not well received by his peers bc it contradicted the religious views of the creation of life
· acquired traits cannot be inherited
2.4.4 Cuvier 1769-1832
· French scientist interested in mammal fossils
· Contrary to other thoughts
· Established the science of paleontology
· “father of paleontology”
· The older the stratum, the more dissimilar its fossils are to current species
· From one layer to the next, species appear and disappear
· many fossils are of extinct species
· detective of science
· able to reconstruct an animal skeleton from a fossil
· human skull
· jaw joint higher than teeth
· teeth touching each other at the same time
· theory of correlation of parts (organs)
· believed in the fifty of species, extinction and catastrophism
· progressive creationism
2.4.5 Hutton 1728-1797 and Lyell 1797-1875
· geologists
· geological changes are the result of a slow, gradual and continuous process
· 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

Charles Darwin (1809-1882) and Evolution
3.1 Education and Family
· Born February 12th, 1809
· Father was a doctor
· Mother was from the Wedgwood family (porcelain)
· Married (1838) to his cousin Emma Wedgwood (1808-1896)
· Had 10 children
· Stops his studies in medicine (U. Edinburgh) and takes a more serious interest in religion (CambridgeU)
· Prereq. To become a pastor: Bachelor of Arts
· Develops an interest in nature: taxidermy, insect 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 do the cartography of the coast of South America
· Darwin was invited on board as a companion of the caption Fitzroy but quickly became the naturalist of the voyage
· He traveled the world and spends most of his time on land to sample the fauna and flora and to study South-American geology
· The trip was planned for two years but lasted five years
· During the trip, two books had an impact on 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
· Advocates that harmony and design in nature are indicators of the existence and the acts of God (today = intelligent death)
· Charles Lyell: “Principles of Geology”.
· Darwin began his travels thinking like a good protestant: believing in the Great Flood and in Cuvier’s catastrophism
· When he returned five years later, he was in total agreement with Lyell and Hutton’s principle of uniformity
· The very distinct fauna of South America had a profound effect on Darwin
· Why do 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)
· Giant sloths are extinct
· Why aren’t certain species in certain areas of the worls
· Why do they resemble species in SA but aren’t actually the same species
· 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?
· Galápagos marine iguana and galápagos sea lions (looks like Californian sea lions)
· Why so much variability?
· Shell variability in tortoises in the Galápagos
· 15 different sub-species on the islands
· Why so much morphological variability in one group?
· Darwins finches
· Variations from adapting to different environmental conditions
· Otherwise look similar
· No other species resemble him
· Pre-evolution school of thought believed that each species was created as is not adapted to its environment
· Show morphological similarities because they share a common ancestor
· South american finch
· Why does each island, in most cases, have their own species?
· Different beaks for different diets based on their environment
· Adapt to different environmental conditions
3.3 Evolution and Natural Selection
· In 1837, we find Darwin’s notes the first mention that species show resemblance to each other because they share a common ancestor (not a common environment)
· Rejects the fixity (no change) of species and accepts the concept of descent with modifications (evolution)
· First phylogenetic tree
· Published in 1859
· Species that look alike share a common ancestor
· Spent a lot of time testing it
· Adamant about trying to test his hypothesis
· Took 20 years to publish it
· Published the first phylogenetic tree
· Species look similar because they share a similar environment
· Very materialistic view of life in contradiction with the religious dogma of the time
· Wife was religious and their views are very conflicting
· Then, he begins the search for an evolutionary mechanism
· Finches
· Modern phylogenetic tree
· Shows relation between all finches
· Got taken up in the wind and blown to the Galápagos islands
· Reproduced and colonized
· 99% of species that have lived on Earth are extinct
· Most of the evolutionary branches finish in a dead-end (extinction)
· In 1838, Darwin read “An essay on the principle of population” written by the economist Thomas R. Malthus
· This became one of the main sources that inspired him to formulate his famous theory on natural selection
· In his book An essay on the principle of population (1798) Malthus wrote…
· Every human population has a tendency to increase geometrically, whereas the available resources to feed these populations increase arithmetically
· Human population > resources available
· Crisis point = carrying capacity
· The human population increases faster than its capacity to feed itself
· Leads to chaos
· Famine, sickness war etc.
· Eventually leads 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
· Not all survive or environment would overpopulate
· 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 to survive and to reproduce (differential reproductive success) results in an accumulation of favourable traits in a population
· This is NATURAL SELECTION
· Enables the emergence of adaptations
· Survival of the fittest
· Adapt to predators
· Environmental pressures influence traits
· Genetic variability of inherited traits
· 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 years 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 summary of their ideas on natural selection to the Linnean society of London
· 1859, Darwin publishes first edition of his book “On the Origin of Species”
· Instant best seller
· Very controversial in society
· 6th and last edition, published in 1872, contains a chapter dedicated to the most important arguments against his theory
· Didn’t address any of the objections until this edition
· Most came from his creationist colleagues
· Only chapter to read is where he answers all the objection to his theories
· “most important book ever written about nature”-chapleau
· Important notions linked with natural selection
· Individuals do not evolve, populations evolve
· Only hereditary traits with variability can evolve
· Individuals that have set of traits that leads to greater survivorship and reproductive success are “fitter” compared to other individuals
· If a trait is well-adapted to its environment, it has a higher relative fitness (reproductive success) to its bearer
· Environmental factors vary in time and space
· Selective forces are variable and a trait that increases fitness in a specific environment might lose this fitness in a changed environment
· Traits in populations may change and may modify the species
· For Darwin this mechanism is valid because…
· Respects the principle of uniformity of Lyell and Hutton
· Results are visible in nature
· Mechanism can verified on current populations
· E.g. artificial selection
· Materialistic concept
· No need for divine intervention
· Mechanism is not random
· Natural selection enables individuals that are better adapted for their environment to become more abundant than those who are not
· Differential reproductive success
· Not a quest for perfection (evolution is not a directed process). Does not lead to the appearance of “perfect” traits. Organisms only adapt to their environment
· Artificial selection
· finalized
· Has an objective or goal
· Happens after a few generations
· Ex dogs can be manipulated for desirable traits
· Long hair
· Hereditary traits
· Natural selection
· Not finalized
· Doesn’t have an objective or goal
· Happens after many many generations
· Takes a long time
· Hereditary traits
· Climate and the medium ground finch
· Drought in 1977 (also 1980, 1982)
· Trait is height of the beak
· Beak size determines diet
· Population 1200 adults  80
· 80 left were birds with bigger stronger beaks
· Able to eat the limited supply of larger harder seeds
· Don’t develop a trait individually, develop it as a population over time
· Mountain life
· Adaptation to altitude
· Chapleau is not the Asian one
· Chapleau does not look like himself
· Chapleau hit a plateau
· Berlin marathon
· Trained on a mountain for higher red blood cell count
· Over 2000 m the partial pressure of O2 is insufficient for 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 of O2 by increasing the concentration of red blood cells in our blood
· Serious health risks, thrombosis, pulmonary edema etc.
· Mutation doesn’t happen bc of air pressure
· Origin of mutation is a random process that occurs in the population
· Many regions in high altitude were independently colonized by humans
· On the Qinghai-Tibet Plateau, human adaptation to high altitude differs from the Andes
· Adaptation
· Andes
· Higher alveolar surface in lungs, same [Hemoglobin] in blood but each molecule has a higher oxygen capacity
· Qinghai-Tibet Plateau
· Deeper breath, faster breathing cycle; larger pulmonary capacity and increased blood flow; lower [hemoglobin]
· Origin of adaptation
· Denisocan gene EPAS1
· Higher altitude = better breathing from higher red blood cell count
· In each case (moths finches and humans) the hereditary traits that give a reproductive advantage will be favoured
· Generation to generation there will be a higher % of the individuals carrying the adaptation
· Natural selection
· Darwin’s descent w modification
· Evolution
· Can sometimes redefine a species and in certain circumstances define a new species
· New species occur when there is no more interbreeding in high or low altitude
3.4 Proof of Evolution: Homology
· Descent with modification theory (evolution) explains the resemblance between certain traits even if the functions are different
· Homologous structures
· Everything comes from fish
· Phylogenic trees
· Fossils prove evolution
· Vestigial structures
· Anatomic structure that has lost almost all of its initial function
· Inciting membrane or third eyeball
· Other vertebrates use it
· Vestigial in humans
· Transparent layer
· Can still see through it
· Protection for eyeball
· Dust dirt mud etc.
· Appendix
· Useless for us
· Contains enzyme to digest vegetation
· Humans don’t have the enzyme therefore useless
· Goose bumps and hair
· Each hair is attached to a tiny ass muscle
· Stems from ancestor
· Furry ones
· High density of hair
· Traps air between hair and skin
· Heats up and provides warmth
· Birds in winter aren’t fat
· Puffing their feathers for warmth
· Humans lost density of hair
· “still have all the reflexes of a good furry animal”-chapleau
· Doesn’t help us to keep warm therefore clothing
· Hiccups
· A heritage from fishes and amphibians
· Chapleau can fake hiccup
· Phrenic nerve is pinched
· Have to move internal organs slightly to unpinch the nerve and relieve hiccups
· Only humans get hiccups
· Other species still have the nerve
· Only indication that we have fish as an ancestor
· Animals like giraffes have very low phrenic nerves
· Don’t get hiccups often
· Pretty unique to humans
· Discovery of a fossil in the wrong place in the geological archives would be sufficient to refute our concept of evolution
· Found humans w dinosaurs, tried to falsify theories, proved wrong

Genetic, Neo-Darwinism and Modern Synthesis
4.1 Transmission of Traits (Inheritance): Pre-Mendel Perspectives
4.1.1 Preformism and the theory of blending inheritance
· Preformist theory (until 19th century)
· Miniature individual located in sperm, egg acts as an incubator for it to grow
· Sperm and ovum examined under a microscope and falsified theory
· Main theory for religion
· Epigenesis (currently accepted theory)
· Embryo start w a few cells, cell differentiation which leads to a more complex individual
· After 19th century
· No doubt about this theory right now
· 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
· Exactly half between mother and father
· at some point the whole population would look very similar, almost identical
· after a few generations, features would start to be fairly similar between humans
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 bloodstream from all parts of the body and assembled in the gametes when they are formed
· gemmules congregate towards the sex cells
· probably travelling through the circulatory system
· gemmules would be the particles associated with the transmission of heredity
· Francis Galton’s (1822-1911) experiment refuted Darwin’s hypothesis
· Galton said “no gemmules sorry lol”
4.1.3 August Weismann’s Theory (1834-1914)
· Weismann proposed that only the sex cells were responsible for heredity, whereas the rest of the organism was only a structure doomed to disappear with the death of the individual
· Living beings are divided into two parts w distinct outcomes
· Germline (gametes)
· Soma (remainder of the body)
· Germline is impervious to environmental influences and heredity is simply the continuity of the germline
· Germline and environment can influence the phenotype but the soma and the environment have no effect on the genotype
· Natural selection is the only mechanism that can eventually modify the germline of a population
· Environment had no impact
· Good example that shows the soma is first and foremost the receptacle of the germine
· Sexual life on the monkfish
· Always female when they were caught
· Eat them they are yummy
· All females have parasites in their genital area
· Small parasites were found to be the males
· Attach to the females, fuse to them
· Phenotype is the way of carrying the genotype
· Phenotype is reduced to its smallest form
· Only function is to provide sperm
· Gets all nutrients from female
· Men are parasites
· Soma can take many shapes as long as the genetic material is present
4.2 Mendelian Inheritance
· Founder of genetics
· Austrian monk
· Formulated his laws of inheritance in 1866
· His work was only recognized in 1990
· Was made with exemplary scientific rigour
· One of the most meticulous scientists of the 19th century
· Choice of the experimental material was judicious
· Peas (many varieties available, possibility of crossbreeding, fairly cheap, generation time is short, descendants are plentiful)
· Abundant data and the use of mathematical analysis to verify his hypotheses
· Mendel talks about “hereditary factors” (dshakdbu were still unknown at the time)
· Variation of genetic traits is explained by the different shapes genes can have
· Each gene occupies a specific locus on a given chromosome
· The DNA sequence of the locus can show variants (dvfghj)
· Example
· The alleles for white flowers and the alleles for purple flowers are situated on one of the peas’ chromosomes
· All organisms inherit two copies of a gene (different or identical), one from the “father” and the other from the “mother”
· Each copy is called an allele
· An individual possesses two alleles for one gene (hereditary factor)
· 24 pairs of chromosomes in humans
· Xcfvghjbk of the first generation
· Law of uniformity of hybrids
· Mendel was able to create pure lineages
· Self-pollination
· Only one allele present
· Only one phenotype after first generation
· If heterozygous, the dominant allele determines the appearance of the organism
· Recessive allele has no notable effect
· Law of segregation
· Two alleles for a heritable character segregate (separate from each other) during gamete formation and end up in different gametes
· i.e. sex cells
· Meiosis
· Terms to understand	
· Phenotype
· Physical expression of the genotype
· Can be more than one genotype per phenotype
· i.e. homozygous dominant and heterozygous
· Genotype
· Genetic makeup of the trait
· Homozygous
· Two of the same alleles
· Heterozygous
· Two different alleles
· Testcross to identify the unknown genotype
· Punnet square
· Law of independent assortment
· Every pair of alleles separates independently from the other pairs when the gametes are formed
· Every character is independent
4.3 Initial Impacts of Mendel’s Theory
· Mendel’s works were resurfaced by three geneticists
· Coreens
· Tschermack
· Hugo De Vries
· The discovery of Mendel’s work initially had a negative impact on the theory of natural selection
· Why? The first geneticists put the emphasis on the discrete or discontinuous aspects of the traits associated with Mendel’s ratios and rejected the continued variation observed in nature by claiming that it was non-Mendelian and without any evolutionary importance
· Hugo de Vries (1838-1935) formulated a “mutation theory of evolution” which indicated that new species can be formed in one or multiple steps (saltationism) through mutations that would cause substantial morphological modifications
· Wanted mutations to occur quicker than Darwin’s theory allowed
· Found an organism with a mutation
· Made it self-reproduce
· i.e. self-pollination
· continued to reproduce to evolve the organism
· as more mutations are discovered, more diversity appears
· During 1920’s, it was discovered that mutations are generally harmful or neutral and that only a few seemed to influence, although lightly, an organism’s traits
4.4 Neo-Darwinism and Modern Synthesis
· The 1920’s and 1960’s, genetics and the theory of natural selection were reconciled. It is the official creation of Neo-Darwinism and “modern evolutionary synthesis”
· Main impacts of Neo-Darwinism
· Lamarckism was finally refuted
· Began to understand the effect of chance in the transmission of alleles from generation to generation (genetic drift)
· Genetic basis of evolutionary changes was established
· The study of genetics shows the existence of an important and persistent variation (continuous or discrete) which creates the hereditary material on which evolution can act
· Start to understand where everything came from
· This continuous variation has a Mendelian basis, that is to say that it implies the segregation of hereditary particles have a minimal phenotypic effect
· Emergence of population genetics and of microevolution offered a new perspective in regards to the relative significance of the factors producing evolutionary changes in populations
· The biological and genetic basis of the formation of species (speciation) and the study of evolution above the species level (macroevolution), including the elaboration of the tree of life (phylogeny)
4.5 Modern Additions to Mendel’s Laws
· Incomplete dominance
· From pure lineages
· Crossing between homozygous dominant and recessive could result in a mixture
· Pure red and pure white flower may make a pink flower
· Every allele may have the ability to produce protein
· Enough to modify the heterozygous
· Creates intermediate value
· 1:2:1 ratio
· Complete dominance
· Both alleles express themselves in the phenotype
· Heterozygous phenotype is a combination of both alleles
· Homozygous white + homozygous black chickens = checkered chicken 
· Many examples of codominance in nature
· Polygenesis: several genes affecting one trait
· Epistasis: effect of one gene will hide the effect of another one
· Labradors
· Dominant: black
· Also could be golden
· Golden means black gene is blocked
· Homozygous recessive can lead to brown
· Fur is dark when first allele homozygous dominant
· Many possibilities for fur colour when crossing
· Crossing determines colour pigment distribution
· When the second allele is homozygous recessive, pigmentation is blocked, therefore golden
· Pleiotropy: gene influences more than a trait
· Genetic disease
· One gene has an effect on a whole system in the body
· Manx cat
· Heterozygous
· Manx gene (M) shows incomplete dominance compared to the normal gene (m) (w tail)
· Gene responsible for the lack of tail is lethal when homozygous
· Embryo reabsorbed
· Heterozygous cats do not have tails or have very short tail
· Polygenism is a very common phenomena with regards to expression of the genes
· Very important
· result is a continuous trait
· skin colour
· each gene segregates independently
· provides whole spectrum of colour
· light to darkdepending on combination of alleles
· polygenic effect
· most of continuous traits are visibly observable
The Evolution of Populations
5.1 Hardy-Weinberg’s Principle
· In 1908 a German biologist (Weinberg) and an English mathematician (Hardy) made the same discovery
· They demonstrated that, under certain conditions, allele frequencies in a population stay constant from one generation to the next. Thus, no evolution
· Developed the known model of evolution
· No change between generations
· If model isn’t followed, there will be changes between each generation
· Selecting alleles at random from a gene pool
· Frequency of allele is % chance of allele occurring in next generation
· These proportions will never change, according to principle
· Equations
· Frequencies of genotype
· P+q=1
· Expected frequency of genotype
· P2 = homozygous dominant
· 2pq = heterozygous
· Q2= homozygous recessive
· Adding all together
· P2+2pq+q2=1
· In equilibrium when
· The frequencies of alleles and genotypes within a population will remain constant from generation to generation as long as the following conditions are respected
· No mutations
· Changes alleles
· Mating is done randomly
· Very rare
· The size of the population is extremely large
· Random effect has more drastic effect on a smaller population
· Less organisms to affect
· No gene flow
· No migration of alleles between populations
· Changes genetic makeup
· No natural selection
· Describes a hypothetical population that does not change between generations
5.2 Mutation
· Mutation: changes in the DNA sequence of an organism
· Mutations are
· Random
· Transmissible
· Only if they are in the gametes
· Frequent throughout the gene pool but rare at each locus
· Rates of mutations vary greatly among groups of living beings
· Will influence allele frequencies but is a weak evolutionary force from generation to generation (especially in a large population)
· Point mutations (addition, deletions or substitutions of a base; A-C instead of A-T)
· Negative effect (Ehlers-Danlos Syndrome)
· Lethal effect (will cause death)
· Neutral effect
· Examples
· Synonymy of codons for the formation of amino-acids; particularly in the 3rd position
· Non-coding part (protein) of the genetic code
· Positive effect
· When the effect enables the individual to be better adapted to their environment
· Can be chromosomal (DNA segment loss, repetition of DNA segments, addition or loss of chromosomes)
· Not a result of any process or selection
· Completely random
5.3 Assortative Mating
· Random mating: panmixia (maintains H.W.)
· American eel
· Found in all large rivers and lakes on the Eastern coast of NA. Spawning ground: somewhere in the Sargasso Sea 
· Assortative mating: choice of partners in relation to the phenotype (modifies H.W.)
· Positive: more frequent mating between similar individuals than expected by chance 
· Effect: increase homozygosity
· Negative: more frequent mating between individuals that do not look alike than expected by chance
· Effect: increase heterozygosity
· Positive assortative mating
· Autogamy or selfing of plants (pure lineage of Mendel)
· Ultimate positive assortative mating
· Geographical proximity of individuals (e.g. population of mice in a barn)
· Mice are more likely to mate with the mice in their barn than the mice in another barn
· Humans mate with people in the same city or region
· In humans: mating according to height and skin colour
· Same religion, country of origin, language etc.
· Negative assortative mating
· Mate with individuals with different phenotypes or genotypes
· Plants in nature are prevented from self-fertilizing
· Environmental factors
· Mechanisms to prevent it
· Pollen won’t mature at the same time as the female part
· Female part will reject male part since DNA is so similar
· Some species have male and female specific plants rather than both sexes on one flower
· Some have different morphologies and must be fertilized by a different morphology
· Insects etc. pollinate rather than the plant itself
· Flower works to look like the insect to attract it
· Males get no reward from this process
· Flower gets to pollinate or be pollinated
· Developed through coevolution with the insect
· Assortative mating does not change allele frequencies; it changes genotypic frequencies
· Taking pairs of cards from a deck
· There will always be 52 cards (alleles)
· Different combinations when “mating” (genotypes)
· When paired w natural selection, positive assortative mating can lead to an increase in homozygosity and a loss of genetic variability
1. Phenomena of endogamic depression since the harmful alleles will express themselves
2. Natural selection will purge the population of a portion of its fcgvhbj alleles
· Thus, a loss of genetic variability compared to panmixia
5.4 Gene Flow
· Migration: exchange of genes between populations
· Has tendency to chgvjbkn the genetic pool of the populations involved
· Can play a similar role as mutations by introducing new genes in one of the populations
5.5 Genetic Drift
· Genetic drift: result of xfgchgvjhk
· Chance will have increasingly more impact on a population as the size of the population gets smaller
· In vuhbj populations, genetic drift will trigger a decrease in genetic variahiity and a decrease in heterozygosity
· In a vhgjb population, genetic drift will cause little changes to the allelic or genotypic frequency of a population
· If there are no other processes (mutation, migration or selection) that will affect allelic frequencies at a particular locus, genetic drift will eventually result in the xcghvj of an allele and the elimination of xfgchvjh other for this locus
· If no other evolutionary processes are acting on allelic or genotypic frequencies, then the probability that an allele will become fixed is dxfgchvjb
· Population bottleneck
· In small populations, genetic drift can lead to the fixation of deleterious alleles and a loss of genetic variability. Thus, increasing the risk of xfcghvjb
· Consequences of a population bottleneck
· Case of the great prairie chicken
· Xdfchgvjhbk: when a few individuals from a large population create a new colony, the genetic make-up of the colony differs from the source population
· Myotonic dystrophy
· Charlevoix + Lake St-Jean in Quebec, 189/100,000
· Europe 4/100,000
· Polydactyly in the Amish
5.6 Natural Selection
· A process by which the individuals w certain hereditary particularities vjbgu in larger numbers than other individuals
· The alleles favoured by selection are more abundant in offspring than in the parental generation
· The action of natural selection on the frequency of an allele can be cancelled by the action of mutation, genetic drift, and migration
· The only evolutionary mechanism that aids the survival and the reproduction of organisms in their environment
· Do not forget: only zexcgvjh variations constitute the basis of natural selection
· Variability in yarrow height according to altitude
· Cfgvjhbk differences or environmental effect
· Xcgvjhbk (selective value, fitness)
· By definition, fitness or the adaptive value of a genotype corresponds to the contribution of an individual to the genetic pool of the next generation when compared with the contribution of other individuals
· Types of hereditary traits
· Qualitative
· Discrete variation
· Colour
· Quantitative
· Continuous variation
· Height
· Weight
· Cyvjh populations showing distinct morphological types of genetic variability
· In the 1930’s and 1940’s babies that weighed 8lbs had a higher rate of survival than smaller or larger new borns
· Today this stabilizing selection has almost disappeared in wealthy countries
· All mammals have seven cervical vertebrae
· Stabilizing selection
· Diploidy
· A considerable portion of the genetic variability of diploid individuals is hidden from natural selection
· The mass of little expressed or unexpressed genes in heterozygotes
· Genetic load
· It is the cost associated with maintaining and storing genetic variation
· Balanced polymorphism
· The heterozygote advantage:
· When heterozygous individuals have more offspring than homozygous individuals
· Sickle cell anemia
· S dominant; s recessive
· Homozygote ss = sickness
· High mortality before the reproductive age
· Allele frequency s is particularly high in regions where cases of malaria are high
· The heterozygote Ss is more resistant to malaria than SS
5.7 Preservation of Genetic Variability in Nature
· The selection depends on the inverse frequency in fishes (Perissodus microlepis) that feed on scales. The rarest phenotype is favoured by selection
· some crooked mouths
· some to the left, some to the right
· reproducing shows phenotype different from population
· mechanism allows to maintain genetic variability
· the selection depends on the positive frequency. The phenotype that is more abundant is always favoured
· selection leading to multiple stable equilibriums (adaptive landscape)
· case of müllerian mimicry: a case of mimicry between two toxic species
· monarch and other butterfly
· look alike to prevent being eaten
· neutral variation
· a good portion of the genetic variability found in genes do not show selective advantages or is not affected by natural selection
· eg. Pseudogenes
· external mechanism (or ecological)
· the result of simultaneous impacts of different selective pressures
· could be several
· may compromise to preserve genetic variability
· temporal changes in selection pressure
· habitat mosaic
· non-assortative mating
5.8 Sexual Selection
· initial formulation of the concept: Charles Darwin
· a form of evolution in which individuals that possess some specific hereditary traits are more susceptible than other to find partners
· males look more attractive
· genetic attraction
· all guys just want to fuck
· intersexual selection
· choice of sexual partners based on traits indicating the quality of the genetic baggage of the other sex
· the case of the widowbird: do the females have a preference on the length of the tail feathers of males
· control group, with tail, no tail, tail cut off and then glued back on
· females attracted to double tail
· intrasexual selection
· selection between individuals of the same sex
· confrontational behaviour is often ritualized
· competition
· fighting
· male dominant combat
· kangaroos fight
· moose have antlers
· establish dominance
· Penis bone or baculum of a walrus
· Structure is present in chimpanzees but absent in humans
· Chapleau could’ve been on storage wars but turned them down
Adaptation
6.1 Adaptation
· Adaptations are the result of natural selection
· They are sometimes complex, have complex functions and a complex history
· Ex. Evolutionary compromises; symbiosis
· Why is our species the only primate choking on food?
· An evolutionary compromise
· Evolution of speech: unique to humans
· the ultra-violet portion of the light spectrum attracts nocturnal animals
· burying beetles transport mites
· symbiosis: mutualism, commensalism, parasitism
· parasitism in humans
6.2 Studying Adaptations
· all traits of a living being are not necessarily adaptations to the current environment: concept of exaptation
· methods aimed at corroborating or refuting an adaptive hypothesis
· direct study of natural selection
· peppered moth
· medium ground finch
· human adaptation to altitude
· comparative approach + knowledge of phylogenies
· indication that traits have evolved independently or are the result of a common ancestor
· evolution of the cheetah
· carnivorous jaws
· morpho-functional study of a trait
· evolution of fur or feathers
· in the Tyrannosauroidea, the smallest species tend to be the oldest species
· species bear characteristic that have evolved in ancestral species
· the initial function of fins was to stabilize the fish body in its environment; it is an adaptation
· in terrestrial animals (tetrapods), the limbs, that have evolved from fins, are used to support the body in an aerial environment. The limbs of the tetrapods are thus an exaptation for terrestrial mobility (locomotion)
· exaptation: adaptation whose current function is not the one for which the structure initially evolved
· hair evolution
· adaptation or exaptation to conserve heat
· feathers
· adaptation or exaptation for flight
6.3 Evolution and Developmental Genes
· heterochrony
· changes in the speed or synchronization of the developmental phases
· sometimes heterochrony alters the development speed of the reproductive organs
· paedomorphosis
· faster development of reproductive organs than the somatic organs
· in the case of the axolotl, the salamander is sexually mature even though it still possesses larval characteristics	
· gills
Geographic Variation and Speciation
7.1 Inter-population Genetic Variation
· one species, two populations of caribou
· individuals have a tendency to mate w members of their own population (positive assortative mating)
7.2 Variation de Variation Géopraphique
· Polymorphic species: species formed of several geographic groups which differ from each other by traits that are easy to recognize
· sometimes called morphs, forms or subspecies
7.3 Adaptive Value of Geographical Variation
· Ecogeographic rules: models of geographical variation that follows climatic gradients for many species within a group of vertebrates
· Bergmann’s rule: in endothermic animals. The populations living in northern regions of the geographic distribution of the species will generally have a larger size
· 72 of birds and 65 of mammals follow Bergmann’s rule
· Ecogeographic rules
· Allen’s rule
· In birds and mammals, the northern populations will generally have short an massive extremities whereas the southern populations will generally have longer and thinner extremities
· Gogler’s rule
· darker pigments in more humis climates
· evolution of the loss of fur and skin colour in humans
· 6-7 million years ago, the hominines (all human species) shared a common ancestor with the chimpanzee (pale skin covered in dark fur)
· How many species of humans existed 2 Myr ago?
· A. afarensis
· Tropical forests
· Bipedal and arboreal
· Diet of fruits, tubers and leaves
· Sedentary way of life
· As of 3 Myr
· Important cooling
· Droughts in East Africa
· Impact on Hominine Species
· Homo ergaster (H. erectus) (1,2 Myr)
· Less fruit available; meat added to the diet
· Walks longer distances for prey and water
· Adapt to life on the plains
· More active lifestyle (hunet-gatherer)
· Natural selection acts on the shape of the body (ability to run)
· Abundance of sweat glands and less fur to have a more efficient thermoregulation
· Furry animal glands
· Especially sebaceous and apocrine
· oily sweat
· Perpiration difficult
· Human glands
· Especially eccrine
· watery sweat
· easy perspiration
· Sweating horse
· Sweating difficult
· Protein of eccrine and apocrine sweat glands latherine
· Carnivore thermoregulation
· panting and eccrine sweat glands found only on the pads of paws
· Human perspiration
· Up to 10L per day
· A lot of eccrine sweat glands
· Loss of fur to facilitate sweat evaporation
· Selection in favour of darker skin (1.2 Mya) at the same time as fur loss
· Natural selection favoured the individuals having thicker, darker and more acidic skin (more melanosome = more melanin)
· Protection against
· UV rays, drought, bacterial attacks and vitamin deficiencies
· For over 1 Myr (between 1.2 Myr to 100,000 years), the skin of all hominin species, including homo sapiens, was dark
· Hypothesis to explain evolution of skin colour
· Note: we need to find an inherited trait that gave those who had it a positive survival and reproduction differential (adaptation) from generation to generation compared to other members of the population
· Folic acid and dark skin
· Folic acid (vitamin B9) is destroyed in skin by excessive UV rays
· B9 deficiency: serious and possibly lethal developmental malformations (spina bifida), poor wound healing, disturbed immune system, sperm malformation
· A vitamin deficiency at a young age and, particularly, in pregnant women would have a direct impact on the survival and reproductive success of the individual
· Thus, we can say that dark skin offers a protection against the UV rays that offers a survival and reproductive advantage (that’s an adaptation)
· Vitamin D3 and pale skin
· Vitamin D3 is synthesized in the skin by UV rays. It helps in the absorption of calcium in the gut (deficiency: rickets, plus several other diseases)
· A deficiency in vitamin D3 would have a direct impact on the reproductive success of affected individuals
· Pale skin in low UV radiation would maximize the absorption of UV rays and the survival of human population in areas of UV deficiency (adaptation)
· Links between the quantity of UV rays reaching the Earth and human skin colour
· the great human migration that started 100,000 years ago has seen humans invade increasingly northern habitats more recently (especially in the last 40,000 years) and evolve paler skin to maximize UV absorption in areas where UV radiation is weak for adequate synthesis of vitamin D3 by the skin
· In areas with an important annual deficit of UV rays, colonization by humans (10,000 to 15,000 years ago) was made possible because humans compensated for deficiencies in vitamin D3 through diet (hunting, fishing and domestication)
· Conclusion
· Loss of fur in hominins is linked to lifestyle changes due to climate change more than 1.2 Myr ago
· The skin colour became dark quickly after the loss of fur. The skin remained dark for more than 1 Myr
· The evolution of pale skin in some human population is linked to the colonization of habitats further north during the last 100,000 years. This paler skin is an adaptation to maximize the absorption of UV rays in zones where radiation is low; this is allowed the healthy synthesis of vitamin D3
· Note: individuals with darker skin in regions of high UV intensity synthesize vitamin D3 at a much slower rate than individuals with pale skin
· A selective advantage of darker skin in regions of high UV intensity is to minimize the degradation of folic acid by UV rays
· The colour of skin is
· A variable polygenic trait which explains the variability of pigment intensity
· An adaptation to UV radiation
· Only an indicator of the environment in which populations have lived
7.4 Species
· Morphological species concept
· Consists in bringing together under one species name, individuals possessing similar and unique morphological traits
· Specimens belong to a species if they morphologically resemble the “type” specimen (or holotype) of the species
· This type specimen is determined by the taxonomist as being a typical specimen showing all the unique features of a species. It is a holotype
· It is a concept that stems from the essentialism of Aristotle
· Morphological variability (Darwinian concept) of a species is now documented through the description of other specimens (paratypes). These specimens usually represent the morphological variability observed in the species
· Biological species concept
· A group of populations whose members have the potential to interbreed in nature and produce viable, fertile offspring-but that do not produce viable, fertile offspring with other such groups (there is a reproductive isolation mechanism in place that prevents interbreeding)
· Is only applicable to sexual organisms
· Is only applicable in nature
· Can only be verifies in an area of sympatry of potential species (area of overlap of two related species)
· We can obtain interbreeding hybrids in a laboratory which are rarely or never found in nature (e.g. Mallard x northern pintail)
· Prezygotic reproductive barriers (prevent the formation of hybridized zygotes and thereby the loss of gametes)
· A. ecological isolation: populations on the same continent, but live in different habitats (e.g. lion (Asian savannas) and tiger (Asian forests))
· B. temporal isolation: non-synchronized mating or flowering (different seasons or a different time of day). Common mechanism in plants
· C. ethological isolation (behavioural): absence of sexual attractiveness (distinct courtship) (e.g. mallard and northern pintail)
· D. mechanical isolation: mating or pollen transfer is impossible due to the incompatibility of genitals or different flower structures
· E. gametic isolation: the male and female gametes cannot meet or the sperm and pollen cannot survive in the genital tract of the animal or in the flowers stigmas
· Postzygotic reproductive barriers (imply loss of gametes)
· A. reduced hybrid variability: hybrids cannot develop or cannot reach sexual maturity (e.g. crossbreed between a goat and a sheep, the zygote quickly dies during intrauterine development
· B. sterility of hybrids: hybrids cannot produce functional gametes
· C. hybrid breakdown: hybrids can be viable and fertile (e.g. tigon and liger) but the offspring are susceptible to cancer and other sicknesses
· 7.5 Origin of Species
· Phyletic speciation (anagenesis): gradual evolution or “linear” succession of species in a way that the changing species shows different phenotypes through time
· Multiplication of species (cladogenesis): creation of species by establishing a reproductive barrier between them
· Cladogenesis: only mechanisms responsible for the creation of biodiversity
· Evolution of a primate
· Pelycodus
· From a genetic standpoint, a premise for the multiplication of species or the establishment of a reproductive barrier is the interruption of migration or gene flow between populations
· Models of speciation (cladogenesis) shows how the gene flow can be interrupted
· Allopatric speciation (almost universal process)
· Sympatric speciation (rarer)
· Allopatric speciation: a population with continuous distribution divided in two or multiple populations by a geographical barrier
· Steps
· 1. Passive isolation of populations in space
· 2. Genetic modifications, under the combined effect of isolation and selective pressures, replace a co-adapted system genes by another, more suitable to different ecological conditions
· 3. Acquisition of reproductive isolation before the subsequent overlapping areas
· Complete speciation: no viable hybrids in the contact zone (sympatric area) between species
· The dispersal capabilities of individuals is important in defining the probability of speciation in some groups when compared to other groups
· The isthmus of panama (completed approx. 3 Myr ago) has created a barrier between populations of ancestral species and created new species
· Eastern meadowlark and western meadowlark
· Minimal phenotypic differences (except for their song and behaviour that are very distinct)
· Sympatric speciation: a new species appears within populations (speciation without geographical isolation)
· Polyploidy (30-40% of plants): multiplying the normal number of chromosomes. This can happen when the chromosomes do not separate during the meiosis which produces diploid gametes (instead of haploids)
· Rare in animals
7.6 Hybrid Zones
· Enhancement of reproductive barriers in the contact area (hybrid zone)
· Character displacement: the differences between two related species are often greater in sympatric areas (e.g. 2 species of Galapagos finches)
· Turbid water for 30 years: progressive fusion gene pools (hybridization) of the two cichlid species
· Grolar bear
· Rupture of reproductive isolation between grizzly and white bear. Exception? Consequence of global warming?
· If the reproductive isolation is incomplete, there could be the creation of a stable hybrid zone containing hybrids. In these narrow zones from a geographical standpoint, there are genes or alleles of a species that pass freely into the gene pool of another species (gene introgression)
7.7 Tempo of Speciation
· Process of speciation: 4,000-40 million years average: 6,500,000 years; rarely less than 500,000 years
Phylogenetics
Introduction
· Systematics: a scientific discipline focused on naming, classifying organisms and determining their evolutionary relationships
· Phylogeny: study of the evolutionary history of a species or a group of species
· Taxonomy: a scientific discipline concerned with naming and classifying the diversity of life
· Taxon (pl. taxa): a named taxonomic unit at any level of the phylogenetic hierarchy or classification
8.1 Graphical Representation of life
· Bonnet 1745
· A list
· Darwin 1837
· Phylogenetic tree
· Haeckel 1879
· Legitimate tree
· A bush: 3,500 Myr since LUCA
· Human species is only one terminal twig in the bush of life
8.2 Homology and Homoplasy
· Homologous structures: indicative of a common ancestor
· Data used to reconstruct phylogenies
· Homoplasy
· Convergent evolution
· Ex. Ability to hover in sugar gliders vs. flying squirrels
· Evolutionary reversion
· Ex. Absence of fur in whales
8.3 Taxonomy and Classification
· Biologists use the binomial system to identify living organisms
· Homo = name of the genus
· Signifies “man”
· Sapiens = name of species
· Signifies: intelligent, wise and reasonable
· Classification: system of words used to group species into increasingly generalized categories
· Hierarchal system (i.e. a sequential and orderly arrangement of categories)
· Taxonomic rank: taxon
· The classification needs to reflect the phylogeny
8.4 Phylogenetics
· Phylogenetic tree with dichotomous branches (cladogram)
· Bifurcation point (or branching point): common ancestor
· Cladogram only shows a sequence of appearance of taxa
· No time frame in a cladogram
· A classification reflects ramifications of the cladogram
· Branching point, terminal nodes, sister taxa, and polytomy
· Cladistics: taxa should be derived characters (homology
· Not shard ancestral characters (homoplasy)
· Only valid group: monophyletic group
· Monophyletic group: contains all and only the descendants from a common ancestor
· Non-monophyletic groups
· Paraphyletic: does not contain all the descendants from a common ancestor
· Polyphyletic: contains descendants from several ancestors
· The class of reptiles is a paraphyletic group
· Reference group (outgroup, fundamental group): used to distinguish the shared derived character traits from shared ancestral character traits
· Cladistic interpretation
· E.g. vertebral column
· Shared derived character that define vertebrates as monophyletic
· Common ancestral character that does not define mammals (or any vertebrate taxa) as being monophyletic
· In case of conflicts in the distribution of traits in the cladogram
· Principle of parsimony: the phylogeny must offer the simplest explanation based on the facts
· Hypothesis with the fewest evolutionary steps is considered the most parsimonious and this hypothesis is presumed the best approximation of the true relationships
· Length of branches can indicate time
· Branching point age: fossils or by an estimation of the rate of change from a molecular clock
· Usefulness
· Did dinosaurs take care of their offspring?
Ecology and Species Distribution
9.1 Ecology: Definitions, Concepts and Issues
· Ecology: scientific study of interactions between organisms, and between organisms and their environment
· Objective: to discover how factors such as climate and interactions with other species influence the distribution and abundance of organisms
· Environment
· Abiotic factors
· Biotic factors
· Species distribution: the manner in which a species is spatially arranged
· Scope of ecology
· Organismal
· Population
· Community
· Ecosystem
· Landscape
· Global
· Precautionary principle
· Strategy to cope with possible risks where scientific understanding is yet incomplete
· Better to be safe than sorry
· The earth’s climate is warming due to human activity
9.2 The Climate
· Abiotic factors
· Light
· Temperature
· Wind
· Precipitation
· In polar regions
· The solar rays are slanted whereas they are vertical in equatorial regions
· The solar energy spreads over a larger surface area
· The earth is tilted on its axis at a 23.5-degree angle
· The extratropical regions have seasons, whereas the tropical regions have very little differences between seasons and days
· air circulation and precipitations at a global scale
· circulation of surface water in the oceans influences climate
· The effect of large bodies of water on the climate
· Rainforests
Terrestrial and Aquatic Biomes
· Types of terrestrial communities (biomes)
· Tropical forest
· Savanna
· Desert
· Chaparral
· Temperate grassland
· Temperate broadleaf forest
· Northern coniferous forest
· Tundra
· High mountains
· Polar ice
· The climate has an important role in determining the geographic distribution and structures of biomes
· Aquatic biomes
· Oceanic pelagic and benthic zones
· Intertidal zones
· Estuaries
· Coral reefs
· Rivers
· Lakes
· Lakes
· Oligotrophic
· Poor in nutrients and rich in oxygen
· Eutrophic
· Rich in nutrients but poor in oxygen
· Seasonal turnover in lakes with winter ice cover
· Intertidal zones
· Coral reefs
· Group of Cnidaria (metazoan)
· Inhabited by photosynthetic green algae (zooxanthella)
· Mutualism
· Oceanic pelagic zone (blue open water)
· The deepest point at 10,000 m
· Covers 70% of the earth’s surface
· Marine benthic zone
· Ocean floor
9.4 Species Distribution
· Study of biogeography: study of species distribution
· Fossil evidence for continental drift (Gondwana)
· Limiting factors
· Why are species found in some areas and not in other places?
· Factors that may limit geographic distribution of species
· Species with limited distribution
· Abiotic factors (chemical or physical): temperature, water, oxygen, salinity, sunlight
· Parasitism
· Moose, white-tailed deer and meningeal worn
· The wood turtle
· Associated with forest and streams
· Atlantic ocean and prairies and limitng its distribution
· Temperature limits its northern distribution
· Coyotes are currently expanding their range because humans have created new habitat for them (agricultural field and suburbs) and also because of the elimination of main competitor (wolf)
· Dispersion of the cattle egret follows the creation of pastures by humans
· Climate change
· Recent study of 4,000 species
· 50% on the move
· Land species: 10km per decade
· Marine species: 40km per decade
· Atlantic cod: 125km per decade
· Frogs: reproductive cycle 8 days earlier per decade
· Birds and butterfly: reproduction is 4 days earlier per decade
· New hybrid species: toads, sharks, butterflies, bears, trouts (species that are newly in contact)
· Pest and germs also moving
· Northward range expansion of the silver washed fritillary in Sweden and Finland
9.5 Species Distribution: Climate Change
· Global climate change: adaptation for dispersal
· Predicted northern expansion of sugar maple distribution because of global climate change
· Other factors than climate change may affect northern expansion of distribution (for example: seed predation)
Ecology of Population
10.1 Definition
· Population: a group of individuals of the same species living in a given geographical area
· Biological cycles: characteristics that influence the survival and reproduction of individuals of a population
10.2 Density
· Density: the number of individuals by unit area or volume. The density is the result of a dynamic interaction between the processes of addition (immigration and birth) and elimination of individuals (emigration and mortality)
· Determination density
· Direct counting
· Aerial survey
· By their song (song birds of our forests)
· Density by sampling
· Capture-recapture
· Estimation of the total population
· N1/X=N2m/N2 or X=N1N2/N2m
· X = estimation of the number of individuals in the population
· N1 = captured individuals, marked and released
· N2 = individual captured during the second sampling period
· N2m = individuals with marks during the second sampling period
· Conditions to respect
· Marking has no health effect on the animal
· Marked or non-marked individuals are distributed randomly in the population
· No immigration or emigration in the population
· Chances of catching marked or unmarked individuals are equal
· Example: lake in Gatineau park
· Monospecific lake, 2-3 hectares
· Two days of sampling in 2009
· Day 1: total number of captured, marked and released individuals (N1 = 170)
· Day 2: total number of captured individuals (2nd capture) (N2 = 120)
· Day 2: Number of captured individuals with a mark (N2m = 2)
· Density = approx.. 5,000 fishes/hectare
10.3 Dispersion
· Dispersion (spacing of individuals inside geographical limits of the population)
· Clumped (aggregate in patches: feeding, mating, predation or defense)
· Uniform (competition for resources, territoriality)
· Random (unpredictable spacing)
10.4 Demography
· Demography
· Quantitative study of populations and their variations over time (birth rate and death rate)
· Quantitative demography
· Cohort analysis (group of individuals of the same age)
· Survivorship curve of a species
· Types of survival curve:
· Type 1: low mortality rate during early and middle life and fast increased mortality in older individuals (big mammals: significant parental care)
· Type 2: constant death rate during the organism’s life span (multiple rodents, plants, invertebrates)
· Type 3: a high mortality rate for the young and life and a death rate that declines in the adults that survive (fishes with small eggs: absence of parental care)
· Models of population growth
· Exponential growth (curve shaped like a J) (eg. Often newly introduced species; no limit on resources)
· Logistic growth (sigmoid curve)
· The plateau corresponds to the carrying capacity of the environment
10.5 Biological Cycles
· Life history traits: traits that affect an organism’s schedule of reproduction and survival
· Life history traits are the result of natural selection
· Examples of life history traits
· Age at first reproduction or age at maturity
· Number of reproduction events
· Number of offspring per reproductive event
· Trade-off between reproduction and survival
· Frequency of reproduction, number of offspring or investment in parental care
· Dandelion: millions of seeds in the wind with hope of germination and survival of a few
· Coconut trees: fewer seeds but more volume per seed (with secretions to feed the embryo); thus, better chances of survival of offspring
· Examples of biological cycles
· Semelparity (pacific salmon, agave): one reproduction (agave: unpredictable environment; many years of growth, massive investment in a giant flowering stalk, produces seed then dies)
· Iteroparity (grizzlies; humans): several reproduction events
· Experimental study of the trade-off between survival and reproduction
· A high investment of parents in the production of offspring can have a negative impact on the survival of the parents or the offspring
· Population of eiders in Canada
· Female eiders that produced more offspring were much less likely to survive to breed again the next year, demonstrating that reproduction had a significant cost
10.6 Population Dynamics
· The study of population dynamics can be applied to complex interactions between biotic and abiotic factors responsible to the variation of population size
· Factors that regulate population growth can be density-dependant or density-independent
· A birth rate (b) or death rate (m) that does not change with a higher density, then the population growth is said to be density independent
· If a death rate increases within population density of if a birth rate falls with rising density, the population growth is said to b\be density dependant
· Mechanisms of density-dependant regulation
· When densities of Big horn rams are high. Lambs survival during the first winter is low
· Territoriality (restrict population growth)
· Cheetah can produce a chemical marker in their urine to mark the limits of its territory
· Gannets defend a small nesting territory by calling and pecking at one another
· Fluctuation of moose and wolf populations on the Isle Royale (Lake Superior)
· Demographic cycles: lynx and hare
· Experiments have shown that rabbits do not suffer from food limitation
· However, predation has a significant impact on rabbit population
· This does not explain the 10-year cycle
· exposure to predators causes hares to produce higher levels of stress hormones
· stressed hared are less likely to give birth to live offspring, and if they do, their offspring are smaller
· predator stress thus contributes to the decline phase of the hare population
· Metapopulations: small local populations that occupy a particular area of an appropriate habitat (patches) for the survival of a population
· Dynamics of emigration, immigration, extinction, and recolonization of patches
· Importance in species conservation
Conservation Biology
11.1 The Three Levels of Biodiversity
· Human activity threatens biodiversity
· Genetic diversity
· Importance of intra- and inter-populational genetic variation
· Species biodiversity
· 99% of species that have existed on Earth are now extinct
· Humanity has wiped out 60% of mammals, birds, fish and reptiles since 1970 (WWF report 2018)
· 50% of animal and plant species might disappear by the end of the 21st century
· Extirpation: local disappearance of species
· Hot spots of biodiversity: small areas containing a lot of endemic species and a large number of endangered species (1.5% of the land area but 33% of animal and plant species)
· Ecosystem biodiversity
· Role of keystone species in the ecosystem
· Ecosystem engineers
· Trophic structure
· Food chains
· Bottom-up control: food or resource limited
· Top-down model
· Driven by predation
11.2 Threats to Biodiversity
· Destruction of habitats
· Responsible for 73% of species in danger of extinction
· Construction of infrastructure and deforestation
· Zoned reserves of Costa Rica
· Protected areas bordered by buffer zones
· Introduction of species
· Predator or species who are successful in obtaining resources
· Zebra mussels
· 700,000 by m3
· Each mussel filters 1 litre of water per day
· Each female lays 1,000,000 eggs per year
· Brown tree snake introduction to the Island of Guam, South Pacific, from cargo during WWII
· Consequences: 12 species of birds and 6 species of snakes went extinct
· Overexploitation
· Atlantic cod
· Red tuna
· Elephants, whales, rhinoceros
· Global climate change
· Greenhouse effect
· Without it the Earth’s average temperature would be -18°C 
· There has been a rise in temperature in the last 150 years linked with human activity (the hockey stick graph)
· The increase in temperature is linked with an increase in CO2 in the atmosphere during the past 150 years
· Decrease in albedo (reflectivity of a surface)
· Faster warming of the oceans
· Loss and modification of the oceanic ecosystem
· Loss of arctic ecosystem
· Loss of coral reefs
· Acidification of the sea
· Rising of sea levels
· To limit global warming, we must first avoid emitting large amounts of carbon in the atmosphere
· This objective in incompatible with a global economy dependant on fossil fuels (=60% of the greenhouse gas effects is anthropic)
11.3 Conservation of Populations
· Small populations
· The extinction vortex
· Case of the extinction vortex
· The effective populations size of a population
· Genetic drift is powerful if population size is reduced
· Effective population size (Ne) represents the breeding potential of a population at a given time
· If the sex ratio is unbalanced, the effective population size will be small and the impact of genetic drift will be felt
· Ne=4(NmNf)/(Nm+Nf)
· Where Nm = number of reproductive males
· Nf = number of reproductive females
· Ne = effective size of the population
· Consequence of a bottleneck on a population: greater prairie chicken
· a case of extinction vortex
· greater prairie chicken loss of habitat in Illinois: millions of individuals (1800’s  50 (1993)
· loss of fertility in the remaining population
· 1993: transplantation of 271 individuals from other American states
· Results: increase fertility and increase in population size
· Minimum viable population size (case of grizzlies in the continental US excluding Alaska)
· 6 populations, 1000 individuals, 5 million hectares
· Yellowstone park
· Actual population: 500
· Minimum viable population
· 70 to 90 individuals in a favourable habitat has 95% chance to survive 100 years
· 100 individuals in a favourable habitat has 95% chance to survive 200 years
· Ne = 125 bears
· Genetic variability: Yellowstone pop. Lower than other populations
· Introduction of 2 unrelated individuals every 10 years would reduce the loss of genetic variability by half
The Origin of Life
12.1 Perception of Time
· Age of the universe
· 13,500 Myr
12.2 Age and Origin of the Earth
· With the application of radiometric dating technique based on the decay of radioactive isotopes, in the 1950’s it was determined that Earth was, approx.. 4,600 Myr
· The origin of the solar system (Kant 1724-1804; Laplace 1749-1827)
· Solar nebula
· Size = 100AU
· Astronomical unites (AU) is defined as the distance between the Earth and the Sun = 149,597,870,700 m
· Mass = 2 to 3 times that of the sun today
· Following the action of diverse forces spread over 100 Myr, a protoplanetary disk was formed around a protostar (the sun)
· The center of the nebula collapsed rapidly, eventually ignited ad evolved into the Sun
· In the outer part of the nebula, gravity caused matter to condense around density perturbations and dust particles
· The rest of the protoplanetary disk began separating into rings in a process that created successively larger fragments of dust and debris clumped together to form planets
· The accretion of materials (protoplanet) will form planets one after the other on the outer rim
· We estimate that the Earth was formed about 4,600 Myr ago
· Young Earth 4,600 Myr (mass in fusion)
· Numerous asteroid and comet impacts
· Important volcanic activity
· Very high temperature
· There was a progressive cooling, formation of an atmosphere and of the oceans
· After 500+ million years of transformations, the terrestrial environment beca,e more suitable for life
· Atmosphere: water vapour, carbon dioxide, ammonium and methane
· Asteroid 2005 Yu55
· On November 8th 2011 at 23:28, this asteroid passed at a distance of 325,000 km of the Earth
· Comet Ison
· Photo taken o November 6th 2013. On November 28th 2013 after travelling at 1,000,000 km behind the Sun, it disappears (melted)
12.3 The Origin of Life
· Stromatolites: similar disk-shaped structures in the rocks composed of sediments deposited by many successive layers of bacteria (mainly cyanobacteria)
· Oparin and Haldane: biochemical theory of life (1920)
· The primitive atmosphere was an environment in which organic compounds could be produced from simple inorganic compounds
· Energy sources: lightning and ultraviolet
· There would have been a series of organic chemical reactions that would have produced increasingly more complex molecules that would have acquired the capacity to absorb nutrients, grow and reproduce, etc.
· Theory tested in the 1950’s
· Possible scenario in four stages:
· 1. Abiotic synthesis and the accumulation of small organic molecules (monomers), such as amino acids or nitrogenous bases
· 2. Joining of small molecules to form macromolecules, notable proteins and nucleic acids
· 3. Packaging of macromolecules into protocells, droplets with membranes that maintained an internal chemistry different from that of their surroundings
· 4. Origin of self-replication molecules that eventually made inheritance possible
· Stage 1:
· S. Miller (1930-2007) and H. Urey (1893-1981)
· 1953: replicate the original atmospheric conditions and verify that complex organic molecules (e.g. amino acids) can be produced
· Results: production of amino acids and fatty acid chains
· Experimental conditions realistic?
· Recent analysis of other samples of Miller’s experiment:
· The atmosphere of volcanoes + steam: 17 amino acids
· Observations made in 2008-the atmospheres of volcanoes + hydrogen sulfide: 21 amino acids
· Other hypotheses
· 4.500 MY Meteorite (Murchison meteorite) with amino acids, lipids, simple sugars and nitrogenous bases
· Warm hydrothermal vents
· Stage 2:
· How to obtain macromolecules (polymers) from simple molecules (monomers)
· Proteins are polymers of amino acids. The formation of polymers requires the action of enzymes that did not exist at the time
· Amino acid solutions on very hot sand and clay (170-degrees C) for many hours  instant development (without enzymes) of unique polymers (proteinoid)
· Proteinoid: primitive catalysts for reactions on the early Earth?
· Stage 3	
· A living organism is nothing more than a stack of complex molecules that must show:
· Replication (ability to pass information from one generation to another (genes)
· Metabolism: must be able to do chemical reactions (enzyme activity)
· Protocells
· Aggregate of molecules (e.g. lipid) spontaneously produced by abiotic means and surrounded by a membrane-like structure
· Reproduction and rudimentary metabolism
· Ex. Liposomes
· Hydrophobic vesicles form a double membrane, capable of swelling or contracting. Membrane shows selectivity for the absorption of polymers
· Stage 4
· Refresher on the circulation of information in a cell
· A cell contains thousands of proteins (enzymes etc.)
· The enzymes are necessary in every step of the cellular processes
· Thus, the big question becomes: how can this system evolve when a product of the process (enzyme) is necessary to catalyze each step of the process?
· Cech and Altman (1982) discovered the ribozymes, RNA catalysts
· The strands of RNA are used for protein synthesis, but also, they were able to catalyze (slowly) some chemical reactions
· So they were potentially capable of synthesizing additional copies (replication) of these short strands of RNA provided that nucleotides were available
· It’s the RNA world
· Replication and catalyze
· We can imagine that once replication was possible, natural selection acted to eventually produce DNA (a more stable structure than DNA
12.4 Geological Archives
· Eons  eras  periods  epochs
12.5 Mass Extinctions 
· Mass extinctions (5; but 3 over a short period of time)
· Probable causes
· 1. Ordovician: sudden and intense glacial period
· 2. Permian: volcanic activity in Siberia
· 3. Cretaceous: asteroid impact
· Asteroid: 10 km of diameter
· Crater: 180 km of diameter
· Mass extinctions and temperature
· Ecological impacts of the mass extinctions
· Adaptive radiation and mass extinction
Bacteria and Archaea (Prokaryotes)
13.1 Bacteria and the Oxygen Revolution
· Bacteria and archaea (prokaryotes): only living beings between 3,500 Myr and 2,200 Myr
· Stromatolites: fossilized bacterial mats
· First organisms
· First bacteria were probably anaerobic heterotrophs
· Cyanobacteria: first organism to use oxygen from H2O to fix CO2 and synthesize organic compounds
· By-product of this photosynthesis: O2 in the atmosphere (beginning of the oxygen revolution)
· Oxygen revolution
· At first, the oxygen formed a precipitate with iron: iron oxide
· Afterwards (in a few Myr)
· Depletion of iron in solution
· Saturation of O2 in water
· Emission of O2 in the atmosphere (started about 2,700 Myr ago)
· O2 goes from 1% to 21% of atmospheric gasses
· Life revolution on Earth (because of oxidation)
· Mass extinction of anaerobic prokaryotes
· 3 domains
· Bacteria
· Archaea
· Eukaryotes
13.2 Prokaryote Form and Function
· Unicellular
· Microscopic (usually 1 micrometer to 5 micrometers)
· Essential to life
· Abundant and everywhere
· Several pathogenic forms
· 13,000+ current described species
· Group with the greatest diversity of adaptations
· Microbiome in and on humans
· 100 trillion bacteria
· 500-1000 species
· Parasitism, commensalism and mutualism
· Important role in human physiology and health
· Ruptured E. coli
· The cell large, circular chromosome
· Three of the cell plasmids, the much smaller rings of DNA
· Specialized membranes of prokaryotes
· Infoldings of the plasma membrane (respiration)
· Thylakoid membranes (photosynthesis)
· A. spherical: coccus, diplococci, streptococci, staphylococci
· B. rod: bacillus or streptobacillus
· C. spirals: spiriles and spirochaetes
· 50% of prokaryotes are mobile
· Speed: 50 times their body length per second
· Capable of taxis
· Basal body is the engine of the flagellum
· Peptidoglycan: absent in archaea and eukaryotes
· Capsule shows structures which enables the bacteria attachment to substrate
· Helicobacter pylori
· Gram negative – spiral
· Secretes urease enzymes (Exotoxin)
· Discovery of the causes of gastric ulcers
· Barry James Marshall (physician) (born in 1951)
· J. Robin Warren (pathologist) (born in 1937)
· 1974: observation that the bacteria Helicobacter pylori is often found near stomach ulcers
· Marshall decided to apply the Koch postulates to identify the pathogen
· Postulate 1 (association) the microorganism must be found in abundance in all organisms suffering from disease
· In 1983, marshall had compiled data from many patients showing the continuous presence of helicobacter pylori around ulcers or inflamed stomachs
· Postulate 2: the microorganism must be isolated from a diseased organism and grown in a pure culture in the lab
· 1982: bacteria isolated by accident
· In1984, preliminary results are presented at scientific conferences: skepticism
· Postulate 3: the cultured microorganism should cause the disease when introduced into a healthy organism
· No lab animals (rat or guinea pig) were successfully infected by the bacteria
· June 12th, 1984: Marshall and a volunteer drank a solution that included helicobacter pylori. Result: inflamed stomach in less than a week
· Most parsimonious hypothesis is that the disease was caused by the ingested solution
· Postulate 4: the microorganism must be re-isolated from the inoculated, diseased experimental host and identified as being identical to the original specific causative agent
· Bacteria were recovered from the stomach of the scientist and the volunteer. Bacteria were grown into a pure colony in the lab
· A simple antibiotic can cure the disease
· Results published in 1985
· Conclusion
· In early 1990, three independent studies done on hundreds of patients have corroborated the fact that prescribing an antibiotic can cure most inflamed stomachs or stomach ulcers
13.3 Adaptations
· Autotroph
· Photoautotroph
· Energy: light
· Carbon: CO2
· Photosynthetic prokaryote (cyanobacteria)
· Chemoautotroph
· Energy: comes from inorganic chemicals: sulfur hydrogen (H2S); ammonia (NH3) and ferrous ions (Fe2+)
· Carbon: CO2
· Some archaea (sulfolobus spp)
· Heterotroph
· Photoheterotroph
· Energy: light
· Carbon: organic compounds
· Some prokaryotes (chloroflexus; rhodobacter)
· Chemoheterotroph (decomposers)
· Energy: organic compounds
· Carbon: organic compounds
· +++ prokaryotes (clostridium)
· Archaea
· Extremophiles
· Extreme thermophiles (sulfolubus): resistant to extreme temperatures
· Extreme halophiles (live in very salty environments)
· Methanogens (anaerobic that produces methane: marsh gases)
· Decomposers and transformers
· Bioluminescence
· Bioluminescent bacteria
· An example of mutualism
· Pathogenic bacteria transmitted by other species (Lyme’s disease)
· Toxicity:
· Exotoxin: protein secreted by bacteria (e.g. strain O157:h7 of E.coli)
· Endotoxin: toxin accumulated in cell walls and released when bacteria dies
13.4 Reproduction and Genetic Transfer
· Fission: doubling of cell size and is divided into two
· Transformation: absorption of an environment DNA molecule
· Transduction: transfer of a DNA segment from one bacterium to another. Through a virus
· Conjugation
· Plasmid: small molecule independent circular DNA of the bacterial chromosome and capable of replicating
13.5 Phylogenetics: A New Perspective
· Horizontal gene transfer: web of life
13.6 Summary
· A diagram
Protists
14.1 Introduction
· Eukaryotes: 4 super groups
· Excavate
· Archaeplastida
· SAR Clade
· Unikonta
· Larger and more complex cells than prokaryotes (presence of organelles)
· Very diversified lifestyles
· Most ancient eukaryote fossil known: algae (Grypania spiralis (2.100 Myr)
14.2 Eukaryote Cell: Origin and Structure
· Presence of a cytoskeleton and a generally non-rigid cell wall: capacity to change shape and move its internal structures to facilitate mitosis
· Formation of a nuclear envelope which is probably the result of infolding of the plasma membrane
· Endosymbiont theory (serial endosymbiosis)
· Endosymbiont refers to a cell that lives inside another cell (host cell)
· Host cell: ancient eukaryote
· Ancestor of mitochondria and plastids (chloroplasts and associated organelles) were absorbed as preys or parasites and establish a symbiotic relationship with the host
· Proof: both organelles have their own DNA
· Ancestors of mitochondria
· Alpha proteobacteria
· Example: Rhyzobium lives inside the root nodules of legumes
· Ancestors of chloroplasts
· Cyanobacteria
· Only prokaryotes capable of photosynthesis (producing dioxygen)
14.3 Evolution of Multicellularity and Sexual Reproduction
· Advantages of multicellularity
· Appeared, independently, 25+ times during the history of eukaryotes
· Multicellularity allows:
· Organism to exceed size limits imposed by diffusion
· Longer lifespan
· Increasing complexity by allowing differentiation of cell types within one organism
· A greater efficiency for feeding, locomotion, protection and reproduction
· Intermediate steps between uni-and complex multi cellular organisms: simple multicellular organism
· Simple multicellular organism:
· Volvox: empty ball made of 50,000 bi-flagellated unicellular organisms connected by strands of cytoplasm
· Presence of cells with eye spots especially on one side (able to use taxis)
· Cell differentiation is minimal:
· Somatic and gonidial cells
· Asexual reproduction (gonidia cells): produce small colonies within larger organisms
· Sexual reproduction (transformation of gonidia in gonads; will produce dormant zygotes)
· male and female colonies (dioecy)
· colonies with male and female gametes (monoecy)
· Parthenogenesis
· Hermaphroditism
· Sequential hermaphroditism
· Why sexual reproduction?
· Asexual reproduction offers an advantage in numbers
· Asexual reproduction offers an advantage in terms of hereditary transmission to the next generation
· Sexual reproduction offers an adaptive advantage (by the production of genetic variability and the elimination of recessive alleles)
· Sexual reproduction is a complex trait that probably evolved only once very early in the evolution of eukaryotes
· Bangiomorpha pubescens
· Most ancient multicellular eukaryote fossil showing the capacity of sexual reproduction (1,200 Myr)
14.4 Diversity of Protists
· Diplomonads
· Giardia intestinalis
· Intestinal parasites with multiple flagella (giardiasis: diarrhea)
· Affects 10-20% of populations living in temperate or tropical environments
· Flagellum are extension of the cytoplasm
· 70% of carriers are asymptomatic
· Parabasalis
· Flagellated parasites moving by undulation of the cell membrane. Symbiosis with animals
· Trichomonas vaginalis
· Feeds on the vaginal epithelial cells (can also occur in the urethra)
· 160 million infections per year (world-wide)
· Symptomatic in females but not in males
· 50% of infected are asymptomatic
· Euglenozoans
· Flagella with crystalline rod
· Example: parasite Trypanosoma
· Africa: 40,000 deaths per year due to sleeping sickness
· South America: 13,000 deaths per year die to Chagas disease (8,000,000 infected)
· Alveolates
· 7000+ species
· Alveoli under the plasma membrane
· Plasmodium and malaria
· 300 million people infected
· Do the link with sickle cell anemia
· Stramenopiles (e.g. diatoms (100,000 species))
· Unicellular algae (part of the phytoplankton) with a unique glass-like wall made of hydrated silica embedded in an organic matrix
· Very solid structure
· Diatoms absorb 25% of atmospheric CO2 and produce 25% of O2 of the planet
· Diatom blooms are a possible carbon sink
· Red algae (6,000 species)
· No flagellate stage in life cycle
· Presence of phycoerythrin (red pigment) that masks the green of the chlorophyll
· Most abundant large algae in warm waters
· Can live in deep waters
· High commercial importance
· Green algae
· Chlorophytes (7,000 species)
· Charophytes (700 species)
· Lives im fresh water or in soil
· Group related to plants (charophytes)
· Name associated with the colour of the chloroplasta
· Chloroplasts that closely resemble those of plants
· Different types of chloroplasts
· Unicellular (e.x. Chlamydomonas)
· Symbiosis with othe eykaryotes
· E.g. with eumycetes (fungi) to form lichen
· E.g. Volvos; Caulerpa; Ulva with different levels of organisation (larger + complex individuals): colonies, multicellular bodies and no cytoplasmic division
Cambrian Explosion
15.1 Introduction
· Ediacaran
· 635-542 Mya
· Great glacial periods (snowball earth)
· First fossils: 600 Mya
· 1400+ fossils in a dozen locations
15.2 Ediacaran
· Ediacaran community
· 575-543 Mya
· Fossils from 600-535 Mya
· Diversified fauna, multicellular, especially soft body, can be large size
· Ex. Charnia spp: 2m
· Preservation process was probably helped by the presence of bacterial mats that preserved the traces
15.3 Cambrian Explosion
· 535-525 Mya
· Appearance of most modern animal groups + strange fossils in a short time
· Spectacular fauna
· Hard structures (skeleton) characterized the beginning of the Phanerozoic Eon
· Cambrian period
· 542 Mya
· Skeleton
· Is the internal among chordates (endoskeleton)
· On the body surface in other animals (exoskeleton)
· Skeleton functions
· Attachment site for muscles (tendons and ligaments)
· Mineral reserve
· In chordates: hydroxyapatites or calcium phosphate in a collagen matrix
· Other structural support substances in animals: calcium carbonate, silica, keratin, chitin
· 10 Million years from 535 Myr
· Groups with unique morphologies have evolved during this period but have also disappeared quickly
· Causes
· Diversification of skeletal structures (calcium abundance)
· Atmospheric changes (important increase of O2)
· Mass extinction Ediacaran fauns followed by an adaptive radiance
· Complexification of the food chain
· More predators
· Arms race (predator-prey relationships as a catalyst for evolution)
Evolution of Animals I: General Concepts
16.1 Introduction
· First fossils of animals 575 Mya
· Steroid produced by sponges: 700+ million years
· 1.3 million catalogued animal species
· Possible total: 10 million
· Sister-group of animals: choanoflagellates (protists)
16.2 What is an Animal?
· Heterotrophic eukaryotes
· Sponges: 9most primitive animals) suspensivores, no real tissue, sequential hermaphrodites
16.3 The Major Changes of Animal Bodies
· 1. Evolution of tissues
· Porifera (sponges); cell clusters (sometimes specialized) showing minimum cell coordination
· Eumetazoa: have distinct tissues
· Metazoan phylogeny based on morphology
· Metazoan phylogeny based on molecular data
· 2. Evolution of bilateral symmetry
· Cnidarians and ctenophora; radial symmetry
· Other eumetoazoa: bilateral symmetry
· Independent development of the various regions of the body
· Facilitates mobility (useful for feeding, breeding and avoiding predators)
· Radials: diploblastic (two embryonic germ layers: ecto- and endoderm)
· Bilaterals: tripoblastic (three embryonic germ layers: ecto- endo- and mesoderm)
· Embryonic layers
· Ectoderm (outer layer of embryo)
· Epidermis of skin and its derivatives (including sweat glands, hair follicles)
· Nervous and sensory systems
· Pituitary gland, adrenal medulla
· Jaws and teeth
· Germ cells
· Mesoderm (middle layer of embryo)
· Skeletal and muscular systems
· Circulatory and lymphatic systems
· Excretory and reproductive systems (except germ cells)
· Dermis of skin
· Adrenal cortex
· Endoderm (inner layer of embryo)
· Epithelial lining of digestive tract and associated organs (liver, pancreas)
· Epithelial lining of respiratory, excretory and reproductive tracts and ducts
· Thymus, thyroid and parathyroid glands
· Ectoderm produces the nervous system
· Important evolutionary transition: grouping of nerve cells in the anterior part of the body (cephalization)
· Note the vent5ral nerve cord in worms
· 3. Evolution of a body cavity
· Evolution of specialized organs
· Digestive tracts (food reserve + efficient digestion = more time allocated to other tasks)
· Development of gonads (greater storage capacity and massive production of gametes)
· Coelomate
· Organs suspended in the mesoderm
· Mesoderm-endoderm contact allows the development of complex organs (i.e. stomach)
· Development of a vascular network for the organs (circulatory system)
· 4. Evolution in embryogenesis
· Spiral cleavage: oblique to the axis of the body
· Radial cleavage: parallel to the axis of the body
· Determinate cleavage: each cell defines a part of the embryo
· Indeterminate cleavage: each cell has the potential to produce a complete embryo
· Mesoderm formation differs
· Mouth = blastopore = protostome
· Mouth = second opening = deuterostome
