BIO1130 Midterm 2: Study Guide 

Chapter 1

Inductive reasoning: Making a generalization often based on numerous specific observations. Probability of the generalizations being false.
Particular -> general
Example:
Obs: This orange is sweet.
Gen: All oranges are sweet.  

Deductive reasoning: Involves stating a hypothesis and drawing conclusions (after experimentation or observation) from this hypothesis. Verify the general observation. 
General -> particular 

The Scientific Process
[image: ]

· Initial Skepticism on Facts
· We ask honest questions on facts and hypothesis 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: demonstrations from a scientist must be the result of coherent steps
· Parsimony: methodological principle which states that acceptable theories are hypothetically the most economical in assumptions.
· Methodological materialism
· All that is experimentally accessible in the real world is material or has a material origin.

Chapter 3

Evolution and Natural Selection
· Darwin first mentions that species resemble each other because they share a common ancestor (and not a common environment). 
· Rejects fixity of species and accepts the concept of descent with modifications (evolution).
· It is a very materialistic vision, thus in contradiction to the religious dogma of the time.
· Rejects Lamarck’s evolutionary mechanism (environmental determinism).
· After reading “An essay on the principle of population”, written by Thomas Malthus, Darwin formulated his theory of natural selection.
· Human population grows geometrically, whereas resources to feed the population grow arithmetically. This leads to chaos and eventually to a reduction in population size.
· Darwin’s 1st observation:
· All species can produce more offspring than their environment can sustain and many of these offspring fail to survive and reproduce. 
· Darwin’s 2nd observation:
· Members of a population often vary in their inherited traits. 
· Two inferences
· Individuals whose inherited traits give 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 survival and reproduce (differential reproductive success) results in an accumulation of favorable traits in a population.
· Important notions linked with natural selection:
· Individuals do not evolve, populations evolve. 
· Only hereditary traits are subject to natural selection. 
· For evolution to occur, we need genetic variability.
· Natural selection corresponds to differential reproductive success within a population from generation to generation. 
· With time, natural selection enables individuals to become better adapted to their environment. 
· Environmental factors vary in time and space. Thus, the selective forces are variable.
· Traits in populations will change and can modify the species.
· For Darwin, this mechanism is valid because:
· It respects the principle of uniformity of Lyell and Hutton.
· The results of natural selection are visible in nature.
· The mechanism can be verified on current populations. (e.g. artificial selection)
· It is a material concept (no need for divine intervention):
· The mechanism is not random. Natural selection enables individuals that are better adapted to their environment to become more abundant than those who are not (differential reproductive success).
· Not a quest for perfection (evolution is not a directed process). It does not lead to the appearance of “perfect” traits. Organisms only adapt to their environment. 
Artificial selection: is finalized because the goal, fixed well in advance, precedes the cause. The end result can be obtained in a few generations. 

Natural selection: is not finalized. It can take a long time for changes to occur (geological time scale). 

Chapter 4

Epigenisis: All life started as a few cells and they will develop into an individual. 

Theory of blending inheritance: both parents participate equally in the genetic makeup of offspring. But rapidly all individuals would become identical, or at least very similar, which is not consistent with what we observe. 

Mendelian Inheritance
· Gregor Mendel (1822-1884)
· Founder of genetics
· Austrian monk
· His work was only recognized in 1900.
· Abundant data and use of mathematical analysis to verify his hypotheses. 
· Talked about “hereditary factors” (genes)
· Variation of genetic traits is explained by different shapes genes can have.
· The DNA sequence of the locus can show variants (alleles)
· For 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, one from the father and one from the mother.  
· The dominant allele determines the appearance of the organism whereas the recessive allele has not notable effect on the appearance. 
· Sex cells only have one copy of chromosome. 

Law of Segregation: two alleles for a heritable character segregate during gamete formation and end up in different gametes. 

Phenotype: appearance caused by arrangement of alleles
Genotype: gene makeup (dominant and recessive alleles)
Homozygous: either two recessive alleles or two dominant alleles. 
Heterozygous: one dominant allele and one recessive allele. 

The Law of Independent Assortment: every pair of allele separates independently from the other pairs when the gametes are formed. 

Initial Impacts of Mendel’s Theory  
· The discovery of Mendel’s work had, initially, a negative impact on the theory of natural selection.
· Hugo de Vries (1838-1935)
· Formulated Theory of Mutation which indicates that new species can be formed in one or multiple steps (saltationism) through mutations that would cause major substantial morphological modifications. 
· It was discovered that mutations are generally harmful or neutral and that only few seemed to influence an organism. 

Neo-Darwinism and Modern Synthesis
· Main Impacts:
· The 1920s and 1960s 
· Lamarckism was finally refuted.
· We started to understand the effect of chance in the transmission of alleles from generation to generation (genetic drift).
· The genetic basis of evolutionary changes was established.
· The study of genetics shows the existence of an important and persistent variation which creates the hereditary material in which evolution can act.
· This continuous variation has Mendelian basis, that is to say that it implies the segregation of hereditary particles having minimal phenotypic effect.  
· The emergence of population of microevolution offered a new perspective in regard to the relative significance of the factors production evolutionary changes in population. 

Modern additions to Mendel’s Law
Incomplete dominance: a form of intermediate inheritance in which one allele for a specific trait is not completely expressed over its paired allele. 

Codominance: a form of dominance wherein the alleles of a gene pair in a heterozygote are fully expressed. This results in offspring with a phenotype that is neither dominant nor recessive.  

Polygenism: when a phenotypic trait is under the combined action of two or multiple genes (very common). It is very common phenomena with regards to expression of genes. 
Example: Labradors (black, chocolate and golden)

Epistasis: when the effect of a gene hides or blocks the expression of another gene. 

Pieotropy: when a gene influence more than one trait.
Example: the Manx cat.
· The Manx gene (M) shows an incomplete dominance compared to the normal gene (m) (with tail). 
· The Manx gene when homozygous is lethal.

Chapter 5
The Hardy-Weinberg’s principle
· They demonstrated that under certain condition, allele frequencies in a population stay constant from one generation to the next. Thus, no evolution.
· The frequencies of alleles and genotype within a population will remain constant from generation to generation as long as the following conditions are respected:
· There are no mutations
· Mating is done randomly
· Population is extremely large
· There is not genetic flow (no migration of alleles between populations)
· There is no natural selection
· Hardy-Weinberg’s principle describes a hypothetical population that does not evolve. 
Example: population of cats (84 black and 16 white)
White cats: recessive homozygotes (bb)
Black cats: homozygotes (BB) + heterozygotes (Bb)
Phenotypic frequency: black = 84%; white = 16%
P2(BB); 2pq(Bb); q2(bb)
q2 = 0.16 
p2 + 2pq = 0.84 

Mutation
· Changes in the DNA sequence of an organism
· This is a source of genetic variability. Mutations are: 
· Random
· Transmissible (only in gametes)
· Frequent throughout the gene pool, but rare at each locus.
· Will influence allele frequencies but is a weak evolutionary force from generation to generation, especially in large population.
· Point mutations (addition, deletions or substitution of a base; A-C instead of A-T)
· Negative effect 
· Ex. Ehlers-Danlos Syndrome
· Lethal effect 
· Neutral effect 
· Ex: synonymy of codons for the formation of amino-acids; particularly in the 3rd position 
· Non-coding part (protein) of the genetic code
· Positive effect 
· Enables the individual to better adapt to their environment 
· Mutations can be chromosomal (DNA segment loss, repetition of DNA segments, addition or loss of chromosomes) 
Assortative mating 
· Random mating: panmixia (maintains H.W.)
· American eel: species spread-out in all large rivers and lakes on the Eastern coast of North America. Reproduction site: somewhere in the Sargasso Sea (panmictic population?)
· 
Positive assortative mating: more frequent mating between similar individuals than expected chance. (Effect: increase homozygosity) 
· Autogamy or selfing of plants (pure lineage of Mendel) 
· Geographical proximity of individuals 
· In humans: mating according to height and skin colour 
Negative assortative mating: more frequent mating between individuals that do not look alike than expected by chance (Effect: increase heterozygosity) 
· Assortative mating does not change allele frequencies; it changes genotypic frequencies. 
· When paired with natural selection, positive assortative mating can lead to an increase in homozygosity and a loss of genetic variability. 

The Genetic Flow 
Migration: exchange of genes between populations. 
· Has a tendency to standardize the genetic pool of the populations involved. 
· Can play a similar role as mutations by introducing new genes in one of the populations.

The Genetic Drift (result of chance)
· Chance will have increasingly more impact on a population as the size of the population gets smaller. 
· In large [populations, genetic drift will trigger a decrease in genetic variability and a decrease in heterozygosity
· In a small population, genetic drift will cause little changes to the allelic or genotypic frequency of a population. 
· The larger the sample, the smaller the difference will be between expected frequencies and observed frequencies. We expect to see the same in a biological population. 
· If there are no other processes (mutation, migration, or selection) which affects the allelic frequencies at a particular locus, generic drift will eventually result in the fixation of an allele and the elimination of all others for this locus. 
· Under the only effect of genetic drift, the probability that an allele will become fixed is equal to its frequency. 
The population bottleneck: in small populations, genetic drift can lead to the fixation of deleterious alleles and a loss of genetic variability. Thus, this corresponds to an increase in the risk of extinction. 
· The case of the Greater prairie chicken. 
Founder effect: 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 
· Polydactyly in the Amish. 

Natural Selection 
· A process by which the Individuals with certain hereditary particularities survive and reproduce in larger numbers than other individuals. (only hereditary variations constitute the basis of natural selection)
· The alleles favored 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 environmental. 

Adaptive value: 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)
· Polymorph populations showing distinct morphological types of genetic variability.

Directional selection:

Disruptive selection:  
· Pink: birds that survived the drought. Blue and Yellow: previous generation.

Stabilizing selection:  
· In the 1930s and 1940s newborns that weighed 8 pounds had a higher rate of survival than smaller or larger new born. Today this stabilizing selection has almost disappeared in wealthiest countries. 
· All mammals have seven cervical vertebrae 

Preservation of Genetic Variability in Nature (polymorphism)
· Diploid 
· 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 storing genetic variation.
· The heterozygote advantages
· When heterozygotes individuals have more offspring than homozygous individuals. 
· Sickle cell anemia (ss = sickness; high mortality before reproductive age)
· The allele frequency “s” is particularly high in regions where cases of malaria are high. 
· The heterozygote Ss is more resistant to malaria than SS. 
· The selection-dependent on the inverse frequency in fishes that feed on scales. The rarest phenotype is favored by selection.
· The selection depends on the positive frequency. The phenotype that is more abundant is always favored. 
· Selection leading to multiple stable equilibriums (adaptive landscape).  
· Cases of mullerian mimicry: a case of mimicry between two toxic species. 
· Neutral variation 
· A good portion of the genetic variability found in genes do not show selective advantage or is not affected by natural selection (Ex. pseudogenes) 
· External mechanism (or ecological): 
· The result of simultaneous impacts of different selective pressures
· Temporal changes in selection pressure
· Habitat mosaic 
· Non-assortative mating 

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 others to find partners. 

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? 

Intrasexual selection: selection between individuals of the same sex. 

Chapter 6

Adaptation 
· Adaptations are the result of natural selection
· They are sometimes complex, have complex functions and a complex history (Ex. Evolutionary compromises; symbioses).
· Our species is the only Primates that choke on food. This is an evolutionary compromise. 
· Evolution of speech: unique to humans.  
· Burying beetles transport mites. Symbiosis: Mutualism, commensalism, parasitism.

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 
· Comparative approach + knowledge of phylogenic: indicator that traits have evolved independently or are the result of a common ancestor. (e.g. carnivorous jaws vs. herbivores jaws) 
· Carnivore: articulation connecting the lower jaw to the skull is at the same level as the row of teeth. Hinged articulation
· Herbivores: articulation connecting the lower jaw to the skull is higher than the row of teeth. Weak and flat articulation.  
· Morpho-functional study of a trait (e.g. evolution of fur or feathers) 
· In the Tyrannosauroidea, the smallest species tend to be the oldest species. 
· The initial function of the 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 are expectation for terrestrial mobility (locomotion). 
Exaptation: adaption where current function is not the one for which the structure initially evolved. 

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 matured even though it still possesses larval characteristics (gills).
· Morphological form changes may arise from changes in the nucleotide sequence of developmental genes (homeobox).
· Morphological form changes may arise from changes in the regulation of developmental genes. 

Chapter 7 

Inter-population Genetic Variation 
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). 

Ecogeographic rules: modules of geographical variation that follows climatic gradients for many species within a group of vertebrates.  
· Bergmann’s rule: 
· In exothermic animals in general, the populations living in the northern regions of the geographic distribution of the species will generally have a larger size. 
· 72% of birds and 65% of mammals follow the Bergmann’s rule. 
· Allen’s rule:
· In birds and mammals, the northern populations (or species) will generally have short and massive extremities, whereas the southern populations (species) will have longer and thinner extremities. 
· Gogler’s rule: Darker pigments in more humid climates.
· Darker pigments in colder climates seems to be a trend. Linked to fending off possible bacterial infections. 

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 of a dark fur) 
· Sahelanthropus tchadensis: oldest hominin known 
· Australopithecus afarenisis
· Tropical forests
· Bipedal and arboreal
· Diet of fruits, tubers and leaves
· Sedentary way of life 
· As of 3 million years 
· Important cooling 
· Droughts in East Africa 
· Formation of savannas
· Impact on hominin species 
· Homo ergaster (1.2 million year)
· Less fruit available; meat added to the diet
· Walks longer distances for prey and water
· Adapt to life on the plains
· More active lifestyle (hunter-gatherer)
· Natural selection acts on the shape of the body (ability to run).
· Abundance of sweat glands and less fur to have more efficient thermoregulation.
· Furry animal glands vs human glands
· sebaceous and apocrine vs eccrine
· oily vs watery sweat
· difficult vs easy perspiration 
· Horse: sweating difficult few eccrine sweat glands. (protein of eccrine and apocrine sweat glands: lathering)
· Carnivore thermoregulation: panting and eccrine sweat glands found only on pads of paws.
· Human perspiration: 10-12 litres per day, 2-4 litres per hour. A lot of eccrine sweat glands (loss of fur to facilitate sweat evaporation)
· Selection in favor of darker skin at the same time as fur loss
· Natural selection favoured the individuals having thicker, darker and more acid skin (more melanosomes = more melanin’s)
· Protections against: UV rays, drought, bacterial attacks, and vitamin deficiencies. 

Hypothesis to explain evolution of skin colour: Reminder: 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: 
· Folic acid (vitamin B9) is destroyed in skin by excessive UV rays.
· B9 deficiency: serious and possible lethal developmental malformation (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). 
· Evolved paler skin to maximize UV absorption in areas where UV radiation is weak for adequate synthesis of vitamin D by skin. (colonization of habitats further north in the last 100 000 years) (individuals with darker skin in regions of high intensity synthesize Vitamin D3 at a much slower rate than individuals with pale skin. 
· To compensate 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 years ago.
· The skin color became dark quickly after the loss of fur. The skin of human species remained dark during more than 1 Myr. 
· 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 hereditary trait, which explains the variability of pigment intensity.
· Only an adaptation to UV radiation.
· Only an indicator of the environment in which populations have lived. 

Species
· Morphological species concept:
· Consists in bringing together under one species name, individuals possessing similar 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 at typical specimen showing all the unique feature of a species. It is a holotype. 
· It is a concept that stems from the essentialism of Aristotle. 
· Holotype: morphological variability (a Darwinism concept) of a species is documented through 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 breeding) 
· Is only applicable to sexual organisms 
· Is only applicable in nature
· Can only be checked in the 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 barriers (prevent the formation of hybridized zygotes and thereby the loss of gametes) 	
· Ecological isolation: populations on the same continent, but live in different habitats (e.g. lion (Asian savannas) and tiger (Asian forests).
· Prezygotic reproductive barriers: 
· Temporal isolation: non-synchronized mating or flowering (different season or a different time of day). Common mechanism in plants. 
· Ethological isolation (behavioural): absence of sexual attractiveness (distinct courtship). (e.g. Mallard and Northern Pintail).
· Mechanical isolation: mating or pollen transfer is impossible due to the incompatibility of genitals or different flower structures. 
· 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 flower stigmas. 
· Postzygotic reproductive barriers (lead to the loss of gametes)
· Reduced hybrid variability: hybrids cannot develop or cannot reach sexual maturity. (e.g. cross between a goat and a sheep, the zygote quickly dies during intrauterine development) 
· Sterility of hybrids: hybrids cannot produce functional gametes. 
· Hybrid breakdown: hybrids can be viable and fertile (e.g. tigon and liger) but the offspring are susceptible to cancer and other sicknesses. 

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. 
[bookmark: _2et92p0]Multiplication of species (cladogenesis): creation of species by establishing a reproductive barrier between them. 
Cladogenesis: only mechanisms responsible for the creation of biodiversity. 
· 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. A genetic modification, under the combined effect of isolation and selective pressure, replaces 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 are important in defining the probability of speciation in some groups when compared to other groups. 
· The Isthmus of Panama (completed approx. Myr ago) has created a barrier between populations of ancestral species and created new species.
· Eastern Meadowlark and Western Meadowlark 
· Minimal phenotypic difference (expect 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.
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