Biology 1130 2019 Fall semester Midterm 2 - CHAPLEAU
Chapter 1:

Inductive Reasoning: Making a generalization based on specific assumptions
Particular  General

[bookmark: _GoBack]Deductive Reasoning: Stating a hypothesis and drawing conclusions (after experiment or observations) from this hypothesis
General  Particular

Ex. Obs: This orange is sweet, Gen: all oranges are sweet

Scientific hypotheses must be verifiable, refutable, reproducible.

From a hypothesis you can make a prediction
· Predictions must be testable and give a clear result
· IF/THEN statement
Hypothesis can be falsified or not falsified and we can never prove that a hypothesis is a scientific truth
· If a hypothesis has survived multiple falsification attempts then It is a theory

Scientific Process:
Obs: This orange is sweet
Hyp: All oranges are sweet
Pred: If I taste all kinds of oranges then they will all be sweet
Test: Tasting different kinds of oranges
Hypothesis: Falsified

Scepticism
· Asking questions on tests and hypothesis (tangible/real things) and re-test what has already been found
Realism
· Realm of ideas does not have priority over the real world
Rationality
· Logic
· Demonstrations must be the result of coherent steps
· Parsimony
· Methodological principle stating 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:

Species show a resemblance to each other because they share a common ancestor, not a common environment
· Rejects the fixity of species and accepts the concept of descent with modification (evolution)
· Materialistic view of life which contradicts with religious dogma
· Rejects Lamarck’s evolutionary mechanism of environmental determinism

Finches:
· Show morphological variability because they share a common ancestor

99% of species that lived on earth are extinct. Most evolutionary branches finish in extinction

Malthus: every human population has a tendency to increase geometrically whereas the available resources to feed these populations increase arithmetically
· This leads to chaos as the population increases faster than its capacity to feed itself leading to poverty, war etc. Eventually this results in a reduction in population size

Darwin’s Observations:
1. All species produce more offspring than their environment can sustain and many of these offspring fail to survive and reproduce
2. Members of a population often vary in their inherited traits

Darwin’s Inferences:
1. Individuals whose inherited traits gives them a high probability of surviving and reproducing in a given environment tend to leave more offspring compared to their individuals
2. From gen to gen, this unequal capacity to survive and reproduce (differential reproductive success) results in an accumulation of favourable traits in a population
NATURAL SELECTION – enables emergence of adaptations

Natural Selection:
	Individuals don’t evolve, populations evolve
	Only hereditary traits with variability evolve

	individuals that have set of traits that leads to greater survivorship and reproductive success are fitter compared to others
	If a trait is well adapted to its environment it confers a higher relative fitness to its bearer

	environmental factors vary in time and space. Thus, 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















Why is this mechanism valid?
· respects uniformity of Lyell and Hutton
· Can be verified on current populations
· Materialistic
· Not Random: NS enables individuals that are better adapted to their environment to become more abundant than those who are not 
· 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 = finalized because the goal, fixed well in advance, precedes the causes. End result can be obtained in a few generations
Natural Selection – not finalized. It can take a long time for changes to occur

Peppered Moth: Natural Selection

Medium Ground Finch: Population went from 1200-80, selection favouring individuals that have bigger and stronger beaks to break available seeds during the drought. 

Mountain Life: Adaptation to Altitude

Over 2000 m, the partial pressure of oxygen is insufficient for normal saturation of hemoglobin for a traveller in high altitudes.
· Symptoms: shortness of breath, altitude sickness 
· Physiological response
Acclimatization: After a few days at high altitude, the body compensates the low partial pressure of oxygen by increasing the concentration of red blood cells in our blood. Serious health risks: thrombosis, pulmonary edema etc

	Andes
	Qinghai – Tibet Plateau

	Higher alveolar surface in lungs, same hemoglobin conc in blood but each molecule has a higher oxygen capacity
	Deeper breath, faster breathing cycle; larger pulmonary capacity and increased blood flow. Lower hemoglobin conc



In the three cases (moth, finch, human) the hereditary trait that give a reproductive advantage to individuals in a population will be favoured from generation to generation, there will be a higher percentage of individuals carrying the adaptation. This is Natural Selection. It’s Darwin’s descent with modification  evolution
These adaptations can sometimes redefine a species and, in certain circumstances, define a new species. 

Proof of Evolution: Not linear!! Phylogenic Tree

A cheetah is a mammal characterized by the few derived traits (evolutionary innovations) that distinguishes it from other species (humans = same)
Chapter 5: 

Weinberg and Hardy Discovery: They demonstrated that, under certain conditions, allele frequencies in a population stay constant from one generation to the next. Thus, no evolution.

Hardy Weinberg Equilibrium:
The frequencies of alleles (p + q = 1) and genotypes within a population will remain constant (according to the equation p2 + 2pq + q2 = 1) from generation to generation as long as the following conditions are respected
 • There are no mutations.
 • Mating is done randomly
.• The size of the population is extremely large.
 • There is no genetic (gene) flow (no migration of alleles between populations).
 • There is no natural selection.  

Hardy-Weinberg's principle describes a hypothetical population that does not evolve

Mutation:
· Changes in the DNA sequence of an organism. They are the source of genetic variability: They 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 large population

Point mutations (addition, deletions or substitution of a base ; A-C instead of A-T).
– Negative effect (e.g.Ehlers-Danlos Syndrome)
– Lethal effect (will cause death)
– Neutral effect
Examples:
– Synomymy 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

Mutations can be chromosomal (DNA segment loss, repetition of DNA segments, addition or loss of chromosomes).

Assortive Meeting 

Random mating: panmixia (maintains H.W.)


American eel: 
Species found in all large rivers and lakes on the Eastern coast of North America. Spawning ground : somewhere in the Sargasso Sea

 Assortative mating : Choice of partners in relation to the phenotype (modifies H.W. equilibrium) :
· Positive assortative mating: more frequent mating between similar individuals than expected chance (Effect: increase homozygosity)
·  Negative assortative mating : 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 lineages of Mendel) 
· geographical proximity of individuals (e.g. population of mice in a barn) 
· In humans: mating according to height and skin colour.

Negative Assortive Mating?
· means that individuals with dissimilar genotypes or phenotypes mate with one another more frequently than would be expected under random mating

 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: 
1. Phenomena of endogamic depression since the harmful alleles will express themselves.
2. Natural selection will purge the population of a portion of its harmful alleles. 

Thus, a loss of genetic variability compared to panmixia

Migration: exchange of genes between populations Has a tendency tostandardize the genetic pool of the populations involved can play a similar role as mutations by introducing new genes in one of the populations.

Example of gene flow: 
· Eastern population 11% of firsttime breeders are new migrants  
· Central population : 43% of firsttime breeders are new migrants

Genetic Drift
 Chance will have increasingly more impact on a population as the size of the population gets smaller 

 In small populations, genetic drift will trigger a decrease in genetic variability and a decrease in heterozygosity. 

 In a large 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 fixation of an allele and the elimination of all others 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 equal to its frequency

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 extinction
Ex. Great Prairie Chicken
Land bird that lives in prairies, because of urbanization the population is threatened
Amount of chickens keep decreasing and the number of alleles evident is decreasing as well
A lot of recessive alleles became homozygous, affected reproduction capacity
Extinction probability is pretty high

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.
·  Charlevoix+Lake St-Jean regions in Quebec, Canada: 189 out of 100,000. 
· Europe: 4 out of 100,000 
·  actyly in the Amish.

A process by which the individuals with certain hereditary particularities survive and reproduce in larger numbers than other individuals.

 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 environment.

Natural Selection:
Variability in yarrow height according to altitude 
Common yarrow seeds from several altitudes/conditions:
 Low altitude = tall, high altitude = short

Is this genetic or environmental (climate affected the growth)?

Collect seeds and grow them in the lab with the same conditions, IF all plants are the same then the effect is environmental. If plants are of different heights in these standard conditions then the train is genetic  hereditary trait


Adaptive Value:
Ex. Selective value, fitness
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.

In the 1930’s and 1940’s newborns that weighed 8 pounds (3,6kg) 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 (stabilizing selection)

Preservation of Genetic Variability in Nature

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 strong genetic variation

Balanced Polymorphism  T
The heterozygote advantage : 
· when heterozygous individuals have more offspring than homozygous individuals.  
Ex. Sickle cell anemia 
· S dominant; s recessive 
· Homozygote ss = sickness; high mortality before the 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 (Perissodus
microlepis) that feed on scales. The rarest phenotype is favoured by selection.

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.
· to send a stronger message of toxicity

Neutral Variation: 
A good portion of the genetic variability found in genes do not show selective advantages or is not affected by natural selection (e.g. pseudogenes)

External/Ecological Mechanism: 
· The result of simultaneous impacts of different selective pressures.
· Temporal changes in selection pressure
· Habitat mosaic (allows for genetic variability)
· 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) 

 peacock huge feather tail makes it a victim, is it an advantage? Yeah for mating!  Feathers mean good genes which means progeny will be successful

collected males: with tail, tail cut off, took the cut off tail and added it to another bird, cut tail and put it back
double tail = most popular, normal, then no tail

Intrasexual selection:  Intrasexual selection: Selection between individuals of the same sex.

Chapter 6:

 Adaptations are the result of natural selection.  They are sometimes complex, have complex functions and a complex history (ex. evolutionary compromises; symbiosis).
· Environment is always changing

Why do only humans choke on food?
An evolutionary compromise 
· difference in pharynx and mouth
· chimpanzees eat a lot thats why they have big mouths, when they swallow food the epiglottis automatically blocks the trachea —> this is why they don’t choke
· Humans are different because we have a space, not a mechanical movement, lower vocal chords

Evolution of speech: unique to humans
· space and then extensive complicated nervous system 
· long vertical tube allows us to speak how we do

Burying Beetle

Symbiosis: 
Mutualism: Mutualisms are defined as interactions between organisms of two different species, in which each organism benefits from the interaction in some way

Commensalism: Commensalism, in biology, a relationship between individuals of two species in which one species obtains food or other benefits from the other without either harming or benefiting the latter

Parasitism: describes a relationship between two organisms where one benefits, and the other is harmed.
· burying beetle bury the cadaver then cover it with saliva, when they’re large enough they go in and eat it
· mites use burying beetle as a mode of transportation from cadaver to cadaver (advantageous to the mite)

 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 (e.g. peppered moth, Medium ground finch, human adaptation to altitude)
· Comparative approach + knowledge of phylogenies: indicator that traits have evolved independently or are the result of a common ancestor. (e.g. evolution of the cheetah, carnivorous jaws) 
· morpho-functional study of a trait ( evolution of fur or feathers)

Studying Adaptations:

In the Tyrannosauroidea, the smallest species tend to be the oldest species.

Species bear characteristics that have evolved in ancestral species

Ex. Fish

•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. (p.567)

Elephant: Hair Evolution

Adaptation or exaptation to conserve heat ?
· elephants don’t have lots of hair, live in open habitats in the tropics
· hot spots on elephants allow for the dissipation of heat
· why do elephants still have hair? maybe for thermal regulation, more surface area on the plate with pins will dissipate heat more quickly
· Elephants: skin with hair and skin without hair, skin that had the thick hair is 25% more efficient in losing heat 

Feathers: feathers in bird, evolve for flight? Thermal regulation? 
Flight: feathers are too heavy can’t fly
Might be the same function as elephant
Sexual Selection: feathers = modified scales?

 Heterochrony: – Changes in the speed or synchronization of the developmental phases.
· - human development doesn’t happen at the same time

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
· 
Chapter 7 
One species, two populations of caribous
· individuals of each population have a tendency to mate with members of their own population. (positive assortative meaning)

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).
· Trying to stay away from the words subspecies due to taxonomy
· Found in different regions but in every location the species has crested figure on top of its head

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. 
Mexico bird was significantly smaller than yukon due to thermoregulation
In the north, advantage to being large, small surface area relative to size allowing you to preserve heat  Controversy: smaller size may be due to food 

Ecogeographic rules
· 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

A. afarensis
· Tropical forests
· Bipedal and arboreal
· Diet of fruits, tubers and leaves.
· Sedentary way of life
Vegetarian lifestyle
Large molars

As of 3 Myr
· Important cooling
· Droughts in Est Africa
· Formation of savannas
· Impact on hominin species
Appearance of sahara
tropical forest receded
dynamic area

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 (hunter -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.

Morphology change, longer legs, more ability to move around, more efficient to get access to food which was quite scarce

Needed water, which is less abundant 
If you don’t eat fruit you need access to water

Studies have shown that when you sweat, its far more efficient to sweat on naked skin, this is why humans lost fur due to the act that we increased the number of sweat glands

	Furry Animal Glands
	Human Glands

	Especially sebaceous and apocrine    

Oily sweat

Perspiration difficult
	Especially eccrine

Watery sweat

Easy perspiration (up to 10 L a day)



	Sweating Horse
	Carnivore Thermoregulation
	Human perspiration

	Sweating difficult 
Few eccrine sweat glands.
(Protein of eccrine and apocrine sweat glands: latherine).

	panting and eccrine sweat glands found only on the pads of paws. 

	Up to 10 litres per day
A lot of eccrine sweat glands (loss of fur to facilitate sweat evaporation)



            Adding meat gave more energy, Vegetation takes more energy to digest
Selection in favor of darker skin (1.2 Ma) at the same time as fur loss.

Natural selection favored the individuals having thicker, darker and more acidic skin (more melanosomes = more melanins). 

Protection against:
· Ultraviolet rays (UV), drought, bacterial attacks and vitamin deficiencies.

If you lose your fur it means that many of the functions of fur (protection, loss of water, thermoregulation) it means genetics and structure of the skin changes

1.2 % of difference between humans and chimps has to do with structure of the skin

Communication skills associated with fur were transferred to other parts of the body ex. expression on the face

Hair on the head is advantageous to protect us from the sun  curly hair is the best

For over 1 Myr (between 1,2Myr to 100 000 years): the skin of all hominins 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).

If you plan to have a kid you should take folic acid before child is conceived, This is a hypothesis

Vitamin D2 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)

If you lack d3 then there is a possibility of rickets
UV radiation and vitamin d3 are closely related as it is synthesized through the skin and UV is required for this process

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 D 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 color 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 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. 

19 century war
Consequences was the north won and the slaves in the south became free
Many of these people moved north because there was free land
End of 19th century, epidemic of rickets with those with darker skin
Rickets connected to vitamin 3
Light therapy prevents rickets
Discovered it was caused by lack of sun
Importance of UV radiation

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 (doesn’t indicate ANYTHING ELSE)

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 (a 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. 

Linneus system
Geographical variability determined by paratypes
Paratypes  species that show genetic variability
Approximation of evolution

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 verified in the an area of sympatry of potential species (area of overlap of two related species


A barrier to reproduction
INTERBREED  important
· Only applies to sexual organisms
· 2 Species that overlap, verify in similarities then they are hybrids, need to be totally isolated to be two different biological species
· Zone of overlap & reproduction to be valid biological species, if not they can be valid morphological species
NATURE  concept that is only observable in nature

We can obtain interbreeding species in a laboratory which are rarely or never found in nature (e.g. Mallard X Northern Pintail)

Never see hybrids
If u manipulate then they may breed with each other but its only what you can observe in nature not forcefully create
Courtship is very different in the two species so never any mating mistakes

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).
· temporal: non-synchronized mating or flowering (different seasons 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 flowers stigmas
ecological: 
Lions don’t live in the same habitat as tigers so they will never mate
Ex. Land and water, wont ever meet to mate

Temporal:
Eastern spotted skunk  mating april born in june
Western ss  mating in september, dormant, will float in uterus and in may it will get implanted to uterus and be born in may
Theyre in the same habitat but wont mate bc timing of mating is different 

Postzygotic Barries (imply loss of gametes, takes lots of energy, disadvantage for females as they lose eggs to these progeny’s with do not survive)
· reduced hybrid viability: hybrids cannot develop or cannot reach sexual maturity.  (e.g. crossbreed 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.
· 

Sterility: The offspring is not able to reproduce, is sterile
Hybrid Breakdown: The offspring produce offspring who are not healthy, does not go further than F1 or F2 generation, Progeny does not survive for very long

Phyletic Speciation
(anagenesis):Gradual evolution or “linear” succession of species in a way that the changing species shows different phenotypes through time.

Formation of species
Model 1: no one believes but still possible
Linear succession
Problems: little evidence, there would be only one species if this was the case

Multiplication of species (cladogenesis): creation of species by establishing a reproductive barrier between them.
Cladogenesis: only mechanisms responsible for the creation of biodiversity.

One species population get isolated and evolved into two populations
Basics of multiplication

Origin of Species
· A premise for the multiplication of species or the establishment of a reproductive barrier is the interruption of migration or gene flow between populations (Geographical barrier between gene flow)
· Models of speciation (cladogenesis) shows how the gene flow can be interrupted.
· Allopatric speciation (almost universal process)
· Sympatric speciation (rarer  interruption without geographic barrier)

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.   

Species of plant is doing well, ex climate change increases sea level and two populations are left on opposite sides
Totally isolated genetically, seeds from both sides CANNOT reach the other side. First step in stopping gene flow
Each population has a characteristic that favours their survival in that environment and this charac may be different from their ancestors. Ex one side is cold so maybe it has charac that helps them survive this temp. Evolve independently
White isolated, their might be changes in reproduction. Ex one may flower earlier relative to the other. Adaptation and changes to reproduction system
Observable traits that are different  different morphological species

Sea level goes down, valley disappears, populations grow and come into contact

hybrids?? If no reproductive change then they will mate together and recreate original species, potentially with changes
No hybrids if reproduction changes

The dispersal capabilities of individuals is important in defining the probability of speciation in some groups when compared to other groups

Mobility = important factor
Grand canyon, dif types of squirrels on dif sides
Resulted in speciation due to geographical barrier

The Isthmus of Panama (completed approx. 3 Myr ago) has created a barrier between populations of ancestral species and created new species. 

Allopatric speciation very important highly dependent on geographic barriers

Eastern Meadowlark (Sturnella Magna) and Western meadowlark (Sturnella neglecta):
· Minimal phenotypic differences (except for their song and behaviour that are very distinct) 
· Fairly common in eastern parts of canada and america, same for the west
· In america there is an overlap yet there are never hybrids
· Morphologically similar but different aspect is their sound, which developed when they were isolated  species came from same ancestor but song changed through sexual selection (maybe) as its an important part of mating

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.
Species can evolve within the range of another species
Stoppage of gene flow is still required
Polyploidy: 2 end chromosomes -  1 end chromosomes results in polyploids which means more than 2 chromosomes

Sympatric Speciation: 
Apple Maggot Fly Vs. Thornapple maggot fly

Fly will use these fruits to deposit eggs and the larvae will eat the apple 
People from europe brought apple trees  produce larger fruits and produce fruits earlier as opposed to thornapple
Part of population started to use apples from reproduction
Bc of temporal isolation due to pop using apples, could only mate with individuals who were also on the apple
Selection of individuals in separate habitats
Very little gene flow now
Food source had dif cycle, this created disparity
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