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  Week 1 Evolution and Natural Selection

2.1 History of Evolutionary Theory: The only thing that was constant was change. Fixated Species? Extinct Species? Domestic Animal Breeds? 

Variation within species: a lot more variety in the world – Linnaeus called them morph-opines  
Incredible variations: There are greater range of insects than any plants or animals; world is far more complex than for those in past centuries
John Ray (1627-1705): species concept (and Genus) 
Linnaeus (1701-1778): taxonomy and binomial nomenclature; believed in fixated species but acknowledged the similarities between humans and great apes
George Buffon (1707-1788): “Species adapt slightly to new conditions”  
Lamark (1744-1829): “Inheritance of acquired characteristics”
Charles Darwin (1809-1882): Grew up in household where evolution was talked about but focussed on a biblical framework due to school; he was wealthy and free to do whatever he wanted. Established an interest for natural world 

· Joined the Voyage of the Beagle (1832-1836): Went around the world to fill in gaps in maps

· Was not a naturalist yet; Darwin collected samples of plants/fossils and books sent to him

· was hyper aware about the biological world around him; the correlation between the fossil record and living organisms within a region: Made a lot of famous observations at the Galapagos islands (ie. Finches/tortoises) 
· Each finch/tortoise type had ecologically different niches based on which island they are from

· He suspected over the generations; tortoises and the cacti had a race of growth: tortoises grew long necks to get the cacti and the cacti grew taller trying to void off the tortoises
· Megaterium: Extinct species of south American sloth ; Glyptodon: extinct relative of armadillos
Evidence for Evolution: Increasing complexity of organisms; Geologists/paleontologists analyze fossils in alps/gradient layers which proves evolution occurred 
2.2 Evolutionary Theory: Should be called theory of natural selection; theories are never proved to be true
Fundamental Premises of Natural Selection:
1. More offspring are produced by a species than can be supported by naturally available food sources (not all species can become mature)
Thomas Malthus (1766-1834): Wrote an Essay on the Principles of Population (1798) “Animal populations tend to 

                                                     increase exponentially while food supplies remain stable” 

2. Within any one species there exists a significant amount of biological variability (body size, colour..)

3. Since only a portion of all offspring can survive to reproduce, those with advantageous traits will have an edge over other members of their species. 

4. Those individuals that have any traits that provide them advantages in the environmental conditions they face will be more likely to live long enough to reproduce 

- An individual's reproductive success is a result of the ability to adapt to specific environmental conditions, which will select for certain traits or characteristics

5. Those traits that are advantageous under current environmental conditions will tend to be passed on

6. Over long periods of time, accumulated changes within a species will eventually result in new species. This is called speciation. For example, trout, bisons, ligers

- Starts out with subspecies that could successfully interbreed with one another

- Slowly becomes different species when they are under different environmental conditions

7. The process of speciation is often aided by geographic isolation. ie. Reindeer/caribou
Natural Selection in Action: An Example
· Peppered Moth in England

· Guppies in Trinidad; upper/lower regions of the drainage systems;  In the upper stream with no predation,  there is less offspring that grows larger; those in lower region that are exposed to danger produces more offspring and matures faster

Other Fundamental Components of the Evolutionary Process:
1. Of the inherent variability in traits in a species:

a) Most variability is not readily apparent

b) Most variability that exists in a species represents neither potential advantages nor disadvantage to their survival

c) Of the variability, a very small percentage has the potential to be disadvantageous, and a very small percentage has the potential to be advantageous.... and this depends almost entirely on the environment they face

2. Natural selection only acts on the variation that Already exists in a species

- A common misconception about evolution is that it is moving in specific, purposeful direction 

3. Natural selection can only act on genetic variability

4. Natural selection can only play a role in the selection of traits that affect the reproductive success of the individual

- But.. what about female menopause in humans? Grandmother Hypothesis: Kristen Hawkes

Fitness: in evolutionary sense, refers to the differential reproductive success of individuals within a species
Micro vs. Macro-evolution:
Micro – slight geographic variations/subspecies that can interbreed; short term evolutionary process

Macro – occurs over longer periods of time; speciation process that results in new genre, species

How Does Speciation Actually Occur?
Adaptive radiation: species spread into a variety of environments and, either through geographic barriers or just sheer distance, different groups fail to continue to breed and so gradually diverge: Phyletic Gradualism
The fossil record: vast majorities of species do not end up in fossil records because most of them will be destroyed

· depends on how rapidly they've become buried; fossils represents minute amount of species; record is incomplete

· lacks of intermediate forms

Punctuated Equilibrium: increased variability
UNIT 3: Genetics










Week 2               3.1 Inheritance and Mendel's Principles

· The Mechanisms of Inheritance of Traits;

· 19th Century views of Inheritance: Blending of traits

· Breeding or artificial selection ie. Corn varieties/AUROCHS > Heckrind: recreated version of the extinct species > slightly smaller/less violent

Gregor Mendel (1822-1884): 1850s Research on Plant Hybridization 

· Mendel's Pea Plant Traits (had 7 characteristics): he crossed pea plants that contrasted each other

What Mendel saw:    Generation 1 (parents): s+w

offspring: 


(generation 2)



s  s  s  s

             

   Generation 2:  s + s

offspring: 



s  s  s  w 

(generation 3)

· He determined that smoothness dominated wrinkled 25% will not inherit the dominant trait


   Generation 3:  Sw+ww

offspring: 



Sw Sw ww ww
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                          Sw + SS

offspring: 



SS SS Sw Sw
Mendel's Hypothesis:
· Each parent contains both a dominant and recessive “particle” for the trait in question

· They randomly pass on one or the other to each offspring

· Each parent's contribution has a 50:50 chance which particle will be passed on, which means four possible combinations: 

Sw +Sw = SS or Sw or wS or ww

Punnett Square:Today we refer to the “particles” for each trait as alleles. An allele is an alternate form of a specific gene. 
Homezygous dominant: Having two of the dominant form of an allele
Heterozygous: Having one dominant and one recessive form
Homozygous recessive: two of the recessive traits

Monohybrid vs Dihybrid Crosses:
Monohybrid: Crossing two plants that differ in only one characteristic
Dihybrid: Crosses where the parent plants differed in two different characteristics

Mendel's Principles:

1. The principle of segregation
- offspring inherit one discrete unit for a trait from each parent

- these units maintain their unique integrity from generation to generation 
2. The principle of dominance and recessiveness
- some expressions of a specific trait were dominant over others; at least one from dominant trait
3. The principle of independent assortment
- Different traits were not inherited together as packages. They passed from generation to generation as independent units
Problems: Mendel lucked out.. First of all, he happened to have selected traits that are influenced by single genes in the chromosomes of pea plants (monogenetic traits) Polygenic traits? 

Secondly: Some of Mendel's results were contrary to his principle of independent assortment
Thirdly: Traits Mendel examined were types that are expressed as discrete categories, one thing or another – traits which are continuous in their potential forms

Unit 3: Genetics: Cell Biology and Genetics

Prokaryotic Cells – first appeared ~ 3.8 billion years ago

Eukaryotic Cells ~ 1.5 billion years ago

Basic Animal Cell Structure:

Plasma membrane: sac that surrounds the cell; protects the cell; controls the movement of things in/out of the cell

Cytoplasm: provides physical support organelles; source of nutrient materials

Nucleus; Mitochondria: energy source; contain their own mitochondrial DNA

Ribosomes: where protein synthesis takes place

Endoplasmic Reticulum: More places for ribosomes to be; more places for protein synthesis to take place

Proteins: complex molecules composed of different amino acid chains and have a wide variety of functions.

They: Serve as structural molecules (raw material) in the formation of new cells/bodies

· act as transport molecules for moving materials about the cell and between cells

· serve as antibodies for fighting foreign bodies, such as bacteria, that causes infections

· serve as enzyms that facilitate chemical reactions in the body

· serve as hormones – important regulators of body functions

Protein Synthesis:
DNA in the nucleus with all the codings with different proteins. When it is time for proteins to be produced, mRA are allowed to enter the nucleus, the DNA unzips itself and the mRNA reads it and creates a mirror image of it; then it leaves the nucleus, goes to ribosomes; 

tRNA – 3 codons 

DNA > mRNA > tRNA constructs the sequence of amino acids

Somatic Cells: trillions, most common
/Sex Cells (gametes): only job is to transmit genetic information from generation > generation

DNA structure: is a double helix

1 phosphate, 1 sugar, 1 nitrogenous base = nucleotide

Purines: AG

Pyrimidines: TC

AT GC 

Genes: a set sequence of nitrogenous bases (out of the whole DNA sequence) that code for a specific protein

DNA REPLICATION: separate the strands/use loose nucleotide to help replicate 

CELL REPLICATION: broken up into chromosomes that holds specific codings for proteins
Chromosomes: are different sections of the entire DNA sequence; they form just prior to cell division

Humans normally have 46 chromosomes: this is referred to as our diploid number
Ordinarily viewed as 23 pairs of matched chromosomes; One set of 23 comes from the father and the other from the mother

Each matching pair are called homologous chromosomes
The first 22 pairs of chromosomes are called autosomes; the last set are called sex chromosomes because they determine whether the person will be male/female

Each autosome carries different genes: loci; A gene refers to a specific location or locus along a chromosome; Each gene includes two alleles, one from each parent's genetic contribution.
Alleles: Different versions of a specific gene; may code for conflicting traits; the actual physical expression of a trait depends on which allele is dominant and on how many genes are involved in expressing that trait - whether it's monogenic or polygenic

Cell Replication:
Somatic cell replication is called mitosis.

· mother cell > daughter cell
· 46 single-stranded chromosome > 46 double-stranded chromosomes > mitosis > two diploid cells > 46 single-stranded chromosomes

Sex cell replication is called meiosis.

· A sex cell carried only half the chromosomes needed to create a normal individual: 23
· Called the haploid number of chromosomes

· Need to join 1 male and 1 female gamete in order to have the required diploid number of chromosomes and the complete genetic blueprints for a normal individual
Meiosis:
46 single-stranded chromosomes >  46 double-stranded chromosomes

23 four-stranded tetrads > 23 four-stranded tetrads split > 23 double-stranded chromosomes MEIOSIS 1

MEIOSIS 2: 23 double-stranded breaks apart into four sets of 23 four-stranded chromosomes 
Spermatogenesis:
Oocyte > 4 sperm cells, each one with haploid number of chromosomes; 

Oogenesis > secondary oocyte > mature ovum 
3.3 Sources of Genetics:
Population: an interbreeding group of organisms 
Gene pool: All the different genes and their various expressions  (their alleles) that exist in the DNA of a population
Genotype: The genetic makeup of an individual. This can refer to their entire genetic makeup or to the alleles expressed at specific gene locations



Sw 
Yy
Phenotype: The observable features/traits of an individual: the physical expression of an individual's genotype (what it looks like)
A Current Definition of Evolution: “A change in allele frquency in a population from one generation to the next.”

Sources of Genetic Variability:
Two Components to evolutionary process:

1. Internal sources of variability in allele frequencies: the creation of genetic variability within individuals upon which the evolutionary process can act

2. External factors that act upon the variability in allele frequencies: the selection process

1. Sources of genetic variability upon which evolution can act:
- Recombination
   - Random assortment of chromosomes

   - crossing-over

- Random Mutations

Random Assortment of Chromosomes During Meiosis:
· Pairs line up in different random combinations in every sex cell every time they divide

· The line of chromosome pairs separate into two daughter cells

· each daughter cell will et EITHER the father's OR mother's version of each chromosomes
What this Means:
· For humans with their 23 sets of chromosomes:

· The number of different possible combinations for each gamete (m/f) is over 8 million

· The number of different individuals that could possibly result from one human mating is about 70 trillion!

· The human male can produce several hundred million sperm a day from puberty until death, and the odds are that no two will be identical
Crossing-over:
· Crossing-over occurs during meiosis when double strands come together to form tetrads

Random Mutations:
· Occurs at low rates, usually likely to be harmful

· However, there is significant variability for natural selection to act on – random mutations are not necessary for evolution to progress in most species 
Sickle-Cell Anemia:
· Results in blood cell in sickle shapes; maladaptive; immune to malaria

· Can not bind properly to oxygen molecules

2. Factors that act upon variability in allele frequencies – the evolutionary process:
a. Non-random mating

b. Migration, or gene flow

c. Random genetic drift

d. Natural selection
Non-random mating:
· it's easier to mate with members that are in closer proximity; random mating does not happen frequently because of the geographic drift between different species
Positive Assortive Mating: Tendency to select mates of a similar phenotype
Negative Assortive Mating: Tendency to select mates of a different phenotype
Sexual selection: A type of non-random mating that acts upon one sex or the other in a species

· It occurs during competition for mates when specific traits are actively selected for in choosing partners.
Handicap Theory: a sociobiological explanation for certain patterns in female mate selection; Bad boys?
2b: Migration, or Gene Flow:
· The exchange of genes between different populations
2c. Random Genetic Drift:
· Random changes within a gene pool towards greater proportions of specific gene expressions

· random chance that alleles may become more common in the next generations; slight changes from generation to generations
Founder effect: a specific type of genetic drift that results from genetic bottle necks

Genetically caused deafness: recessive alleles 

“Niall of the Nine Hostages” - King of North west Ireland – slept with a lot of women;

22% of Ireland today have Niall's specific Y chromosomes

18% of Scottish

2-3% in New York

3 million men can trace their ancestries back to Niall

2d: Natural Selection: most dominant factor/ carries genetically based advantages
Unit 4: Primates
4.1 Primate Characteristics:
Why do Physical Anthropologists study Primates?

1. Primates are our closest evolutionary relatives

Studying other primates will inform us about aspects of our evolutionary history

2. We are also interested in examining the actual evolutionary processes in action

Many processes of natural selection that are acting on modern primate species are likely similar to those that played a role in our own emergence

The Places of Primates in the Animal World: Humans belong to the phylum Chordata, class mammalia

The class Mammalia is divided up into three infraclasses:
1. Metatheria: marsupials
2. Protheria: montremes (platypus)
3. Eutheria: placental mammals

Eutheria includes about two dozen different orders, one of which is Primata
Common Primate Traits:
Anatomical/physiological characteristics:

1. Prehensibility – Grasping hands with opposable first and second digits
2. Flattened nails (instead of claws)
3. Forward-facing eyes – stereoscopic vision: information from both eyes are sent to the brain and the brain provides a better reception of the image [triangulation]

- Why are the seen as the most fundamental characteristics?

   - Arboreal Hypothesis (Wood-Jones and Elliot-Smith, 1920's) – depth perception/good grip is advantageous to monkeys on 

     trees to judge distance; stereoscopic vision also allows them to find insects to eat easier 

x Visual Predation Hypothesis (Cartmill 1970's)

   - Cats/owls are the closest to having forward-facing eyes
4. Generalized Body Plan: Structure of their bodies is designed for specific adaptations ie. Horses/seals/anteaters

- Wide variety of habits: Arboreal > terrestrial 
Types of Primate Locomotion:

 Vertical Leaping/Clinging

Arboreal Quadrupedalism: walking on all fours
Brachiation: mostly uses arms/hands to move through trees, might use tails/feet 
Terrestrial Quadrupedalism: adapted to terrestrial environments/spend more time on the ground
Bipedalism: least common, most primates can walk upright but are not good at it

“occasional” and “habitual” “obligate - humans” 
5. Generalized Dentition: adapted to defense/sheer through food, bunodont molars are generalized shapes to allow us to chew through different foods
6. Reduced Olfactory System (reduced sense of smell): plus: colour vision/diurnal living 

- increased dependance of eyesight
7. Presence of a Petrosal Bulla: Bony covering protecting the inner ear
8. Enclosed Bony Eye Orbits: post-orbital closure (humans)
9. Large Brain:  Encephalization
Life History Traits:
1. Primates usually have single offspring

- Reproductive strategies include:

k-selected: one offspring per time

r-selected: multiple offspring per time
2. Extended Ontogeny: Physiological lifecycle of an individual 





gestation > infantile > juvenile > adult
3. Behavioural Traits: Complex sociality – not all are very social; complex interaction with other groups
Advantages to living in social groups?
· Ready access to mates

· Cooperation in finding good, rearing young, detecting predators

· reduced chance of being killed

Adaptive radiation: rapid speciation of one/more species to fill different ecological niches – usually follows a major change in environmental circumstances
Divergent evolution:  typical course of natural selection in which related species adapting to different ecological niches
Parallel evolution:  independent evolution of similar traits in diff. Species, but starting from a similar ancestor
Convergent evolution: diff. Species which have very different ancestral lines but evolve similar adaptations




ie. Bats, insects, birds – flying

Through the Late Cretaceous and Cenzoic there have been have major stages in primate evolution:
First Radiation in the Late Cretaceous (100-65mya):
· Initial radiation in primates from common ancestor

· slight divergence from ancestral
Second Radiation in The Paleocence (65-55mya):
· Emergence of lemur/tarsier-like [nails instead of claws/vision > smell]
Third Radiation in Early mid-Eocene (55-45mya):
· Increased arboreal quadrupedalism

· larger brain/reliance on vision
Fourth Radiation in late Oligocene Early Miocene (30-20mya):
· apes/monkeys: difference in diet (monkeys ate leaves) still arboreal
Fifth Radiation in Late Miocene (After 17mya):
· first true apes with body/limbs designed for; hand over hand climbing like chimpanzees

· thicker tooth enamel

Pre-Pliocene Fossil Primates:
Eocene: Primates from 55-35mya are dominated by two major prosimians

Adapidae (lemur-like) & Omoyidae (tarsier-like)
Oligoence Primates (35-24mya):
Mouse-sized/frugivorous based on dentitions (fruit-eating) arboreal quadrupeds/small eyes suggest diurnal adaptation 

Aegptopithecus Zeuxis: 7kg, still a monkey essentially, might have a tail

Primitive: long snout/larger brain than prosimians, eye orbits still laterally facing
Advanced: substantial sexual dimorphism (males > females); fusion of mandibles (jaw-bone); reduced olfactory structure; large visual cortex in the brain; cup-like orbits closed off behind with post-orbital plates

Miocene Primates (24mya):
· Primitive apes first appear in fossil record of E. Africa ~ 17mya Africa collided with Eurasia – radiation of monkeys/early apes into the rest of the Old World

Early in the Miocene Apes became abundant but after this, the diversity appears to have decreased/monkeys became more abundant. End of Miocene – fossil apes (rare)

Early Miocene Primates: 20-17mya:
· Resembled living apes/forward facing eye orbits/ smaller snout/ larger brain/ frugivorous dentition/ generalized arboreal quadrupeds/ could suspend (probably) lacks tail

Middle-Late Miocene Primates (16-5mya:
· West/Central Europe – broad – leafed forest

· Chimpanzee-like (Dryopithecus)

· orthograds posture

· Y-5 cusps pattern on molars

Sivapithecus (12.5-7mya): Found in Siwalik Hills (tropical/broadly)

· Siamang to orangutan sized

· open woodland dwellers – ate roots/tubers? 

· Large incisors/canines

· nasal morphology/face resembled modern orangutan

Gigantopithecus (6.5-0.5mya):
· Largest primate ever, no postcranial fossils similar dentitions to sivapithecus/ had to be terrestrial based on tooth/body size
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