Cambrian and Ordovician periods continued
Why did so much diversity occur?
Explanations:
-snowball earth, burrowing, shelled arms race, developmental (hox genes)
The whole planet freezes, there may have been 3 freeze-thaw cycles
-The first-ever piece of land emerges at the end of the Proterozoic eon
-> water erodes the rock, causing calcium to emerge from the rock in large levels
CO2 +H2OH2CO3  H+ + HCO3- + Ca CaCO3
-since the bicarbonate reacts with all the new calcium, the equilibrium between the oceans and the air is broken, more CO2 needs to be reacted with the ocean
-Silica is present too: it too causes a drop in carbon dioxide levels
-with less carbon dioxide in the air, heat is able to radiate away from the Earth
-Ice caps form, which reflect sunlight (causing the earth to absorb even less heat on its surface), the ice caps cover the entire earth and production stops.

-slushball earth: the idea that not all of the earth froze
During the 3 freeze-thaw cycles, the oceans were not stripped of all life
Cryogenian: the period in time when the earth is frozen solid
--------------------------------------------------------------------------------------------------------------------------------------------
Did multicellular life exist before the Cambrian Period?
Perhaps it did…

Doushantuo Fossils- fossils that look like cells that have undergone division (may be very large bacterial cells)
They could possibly be fossilized embryos (that possess cell-to-cell communication!)

Ediacaran Fossils: Found in Mistaken Point, Newfoundland
-They are so unique in their appearance (creatures with morphologies that have never been seen before) that a new geological time period is added in order to depict the time when these organisms existed
-they lived only on the ocean floor
---------------------------------------------------------------------------------------------------------------------------------------------
Cambrian burrowers:
Previously, the surface of the ocean floor is covered by an impenetrable algal mat. Below this mat lies tremendous amounts of organic matter that have yet to be used as a food source by any organisms. The animals that are able to break through the algal mat gain access to all this organic matter: which is accomplished by the molluscs and their radulae (tongues with “scraping teeth”.) Molluscs not only use the organic matter as a food source, but many use the excess calcium in order to strengthen their shells. For arthopods and molluscs alike, this means stronger defenses. The penetration of the algal mat, due to the fact that it gave all marine organisms both food and minerals, allowed animals to grow in size and further diversify.

Homeotic genes 
The genes that dictate which part of an organism will become what. They have been found to be universal: nearly every single multicellular animal has homeotic genes. They work via transcription factors: which are proteins which activate the genes that produce certain appendages.  The transcription factors are found within a protein gradient that is developed by mRNA in embryo cells (eg. Pinkpinkpink blueblue---greengreen--------------purplepurple where each colour represents a certain appendage.) Fruit flies are known for having a total of 8 homeotic genes. The amount of homeotic genes increases as organisms become more developed. They also become more complex in the sense that they can be found on different chromosomes. 
Hox genes are a type of homeotic gene.  They work via a protein gradient, contain homeoboxes (a 180-nucleotide long sequence),  and are expressed collinearly with the anterior-posterior axis of the animal (the genes that match up with a trait correlate with the cells in which they are found in).









Organizing the Living World
Cladistics: using different methods in order to find the relationships between animals that could lead to finding common ancestors, and further putting it all together in an evolutionary tree (a cladogram)
Classification: Putting things into different groups using taxonomic rules (sorting rules)
Taxonomy: rules that are applied when putting different organisms into different groups. (When grouping books for example, all science-related books will start with a Q in their library code.)
Systematics: Finding relationships between organisms using taxonomic rules, the organisms that are potentially related are then put into groups with one another. The evolutionary relatedness should be the basis of how organisms are grouped together, so evolution should have a role in the mechanism used for sorting organisms (evolution becomes the taxonomic rule).

Linneaus: Is responsible for introducing the taxonomic hierarchy, For example, the LUCA developed into eubacteria which developed into archaea which developed into eukarya. This is a branching pattern and it is hierarchal. 

What is the purpose of Classification?
|-> the purpose of classification is to clearly show the relatedness of organisms using taxonomic rules. These taxonomies must be able to account for possible changes within a lineage, such as convergent or divergent evolution
-You must clearly know which traits define a group if you are going to communicate a classification system well. For example, saying that all molluscs possess radulae as radulae define molluscs. A classification system must obviously reflect what really happened in evolutionary history, and it must also be predictable (eg. Finding a new organism and being able to place it into a category without changing the branching pattern.)

-Up until the use of genetic material for building evolutionary relationships: the branching patterns in evolutionary sequences were often disagreed upon (due to the lack of knowledge on the principles of evolution.) 

Dichotomies: A method of asking yes-or-no questions about the traits that an organism has in order to place similar organisms into a group. (think: cladogram lab and the chart of traits) This is done in order to tell the story of evolution.

Types of Taxonomies
1. Folk Taxonomies: This set of taxonomic rules involved dividing the living world into immobile, mobile, living, non-living, animals, plants, etc.
-It was transferred between generations by a shaman verbally. There is a limit of species that can be classified based on folk taxonomies due to the fact that the power of human cognition is not great enough to be able to classify more than approximately 500 objects in three categories. Keep in mind that different regions within the world would obviously classify different organisms based on their climates.

2. Artificial Taxonomies: Aristotle gathers various lists from around the world and composes one longer list, so that 500 items is no longer the limitation. He is the first person to record these lists of grouped animals. Theophastrus does the same but with plants. 

3. Mechanical Taxonomies: Linneaus inherits the annotated lists that describe all of the known organisms in the living world. Using this information, he creates the taxonomic hierarchy. The organisms within any one category are said to be part of that taxon. The method of mechanical taxonomy uses mostly physiological traits: as the relatedness of species is determined by their similarities. The problem with this taxonomy is that genetics have yet to be discovered: which is the key in determining precisely how closely related organisms are based on how correlated genetic sequences are.

4. Natural (Evolutionary) Taxonomies: Using homology (evolutionary principles)  to show relatedness. Homology is used as it shows that two organisms that are different in appearance may actually be related. For example, the homology of vertebrate limbs (same bones, but modified to serve different purposes.) Another example is seen in the hyomandibular bone in the first vertebrates (originally used for the suspension of the jaw, in amphibians, it is used in the auditory system (the stapes.)) 
Homoplasy- also known as convergent evolution. Homoplasy is expressed as similarities between organisms even though they are not related. For example, bats, birds, and pterosaurs all have bone structures adapted for flight but are not that related, the mechanism for flight is different as well. Homoplasies are often caused by organisms living within similar environments. 
Another example of homoplasy is the similar body structure that is shared between Dolphins and the Ichthysaur.
---------------------------------------------------------------------------------------------------------------------------------------------------------------
3 Main Questions when classifying organisms:
-what is the natural underlying order?  (where is the branching?)
-What types of characters are available to assess that order? (what traits can we use to sort everything?)
-how do we handle the data from character analysis?

Traits that are often used in order to classify organisms:
-Morphology: the physical appearance of organisms
-Ultra-Structure: the detailed structure of a tissue, cell, or organ. Using electron microscopy, the organelles within cells are analyzed.
-Embryology: eg. The origins of protostomes vs deuterostomes.
-Fossils: (fossil records)
-molecules: (eg. Proteins, DNA, RNA)

Often, there were arguments for determining which organisms were ancestral. For example, there was a debate on how primitive a flatworm was since it is a solid block of mesoderm. Now we know that a coelom was present and the flatworm lost its coelom. It was originally put at the bottom of the evolutionary tree.
-eg. Did life start out as bilateral symmetry or radial symmetry (suspended or as a moving larval stage?)
-onychothra, annelids, and arthropods were originally put into a linear sequence

-The validity of the origins of different organisms is all subjective: it is all based on a scientist’s popularity, resources, and money

An attempt to get rid of this subjectivity:
Phenetic/numeric taxonomy:
Uses multiple measurements of organisms in order to group organisms into different categories using computer programs, which makes these measurements “unbiased” (as many numeric traits are being analyzed and there is no good/bad traits).
Correlations approach 1 as organisms become more related to one another
The problems that arose revolved around the fact that computers at this time are not very efficient. They were expensive, and scientists who had the money would create different programs from one another… which caused different taxonomic trees to be developed. The same bias therefore arises again.
-----------------------------------------------------------------------------------------------------------------------------------------------------------------
The bias finally disappears with Hennig who creates a new way of organizing organisms into groups:
5. Cladistic/Phylogenetic Taxonomies
He puts together a different set of rules for comparing organisms
-Comparing organisms to an organism known as the outgroup and seeing who is the biggest in difference
We end up with 3 different types of evolutionary trees…

Dendrograms: The result of using mechanical taxonomy. They are randomly branching diagrams that do not show any evolutionary relationships. They merely show the organisms that are a part of a group in a random arrangement.

Phylogenetic/evolutionary trees: Uses evolutionary principles. First branching diagrams. Show relatedness between groups of organisms through an evolutionary story of some sort. 

Cladograms: Only allows for dichotomous branches. It Shows a common ancestor to various subgroups, along with various hierarchies that are based on derived traits. 

Conflicting interpretations: -morphology: birds are so different from reptiles that they must be their own group (shown in the evolutionary tree)
Cladistics: -the reptiles break into 4 groups that include birds as a group as they are closely related to birds so they should be shown close together on a tree. (Both the birds and the crocodiles are categorized as the archeosaurs)

Cladistics terms: (meant to be used with cladistics and not evolutionary taxonomies)
Apomorphy: traits that are derived by organisms within a cladogram or evolutionary sequence. For example, we know that triploblasty is an apomorphy. 
Plesiomorphy: The traits that the common ancestor of a group of organism possesses. For example, diploblasty is an original trait. 
Synapomorphy: Traits that are derived which appear in more than one group of organisms (shared derived characteristic)
Sympleisiomorphy: Ancestral traits that are seen in more than one group of organisms (shared primitive characteristic)
Autoapomorphy: Traits that are derived but are only seen in a single monophyletic group.
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For example, the radula in a mollusc is considered to be an autoapomorphy
It is a synapomorphy if you’re looking at the different types of molluscs, such as snails, bivalves,etc

Anatomy of Cladograms: (we want a perfect branching pattern)
Monophyletic: a depiction of the descendants of an ancestor whom develops a specific trait (a branch). These are ideal. 

Polyphyletic: Put together two groups of organisms that seem to belong together but do not have a common ancestor. (eg. Putting the dolphin in the same group as the ichthyosaur) disproven by molecular similarities.

Paraphyletic: Due to a mistake in a tree due to convergent evolution (we group together all organisms except for one descendant.) When new evolutionary trees are put together they are disproven. For example, birds and reptiles: excluding the birds even though they are a specialized reptile. Putting them together creates the psauropsids (sp?). 

-organisms with more derived traits will be higher up on an evolutionary tree. 
-The process of creating phylogenetic trees can be done for both the evolutionary history of animals and plants
-gorillas, chimpanzees, and humans should be in the same group as we all use tools (we don’t want to be placed in the same family as chimpanzees…:P)

Outgroup: the organism within an evolutionary sequence that is shown to be the ancestral organism as it contains no derived traits. In a polarity, all traits are coded by zeroes.

Parsimony also known as the KISS principle (keep it simple, stupid) or occam’s razor: the idea that a cladogram should have the fewest possible changes from derived traits. Often traits will be derived rather than lost in the case of divergent evolution

For example, the evolution of the camera eye: a lens that projects an image on a retina (evolved from a single opening that projects an image on pigment cells.)
Occurs in fish and octopuses
-if we say that the camera eye originated in all invertebrates (a monophyletic event that occurred once), quite a few organisms have lost it (many changes)
-if we say that the camera eye is a convergent event that is derived, there is only two changes as it is only derived twice. 
Thus, the camera eye arose twice in the animal world
-Pax genes: a type of homeotic gene that codes for the biochemistry of the occipital system an organism will have. It codes for  all visual systems in the evolutionary system (simple eyes turn into camera eyes twice). An example of convergent evolution that shows the emergence of light sensitive eyes. 




Microevolution & Speciation

Huxley: recall that he combined Mendel’s theories of mathematical predictability in order to understand heredity. Mendel showed that traits are packageable elements consisting of two alleles that may be combined with different alleles during sexual reproduction (all genetic variation of eukaryotes)
Huxley: Applied this to populations of organisms

Microevolution: Evolutionary changes that result from changes of allelic frequencies, changes in chromosomes, mutations, or from recombination (moving around chunks of chromosomal material). 
 
Incomplete dominant traits: Seen when crossing snap dragons:
P= parental             CrCr (red) X CwCw (white)
F1= Generation 1  CwCr (pink)
F2= Generation 2 25% CrCr, 50% CwCr, 25% CwCw
Incomplete dominant: the fact that the pink colour is seen when in a heterozygous pairing of alleles. This is caused by one allele not being completely dominant over the other allele, resulting in their offspring having a mixture of the two phenotypes. 
-This means that the amount of colours seen in offspring will be a predictable value (according to Mendel).	
-The sum of the genotype frequencies will always be 1.0
-The sum of the dominant allele count ratio to the recessive allele count ratio will always be 1 (eg. Cr=1400/2000=0.7 + Cw=600/2000=0.3 = 1)
-If you put the two frequencies on either side of a punnet square, the frequency of the phenotypes/homozygous or heterozygous alleles will follow p^2+2pq+q^2=1
-This allows us to see if allelic frequencies are changing (if they change, microevolution is happening.)
-Stable allelic frequency: when the allelic frequencies stay the same within multiple generations: no microevolution occurs.

Hardy-Weinberg principle’s assumptions (5 things that cause microevolution):
-no natural selection (certain traits are favoured)
-no mutation (a gene changes and will possibly no longer be present within the alleles)
-no genetic drift (a need for a large population for p^2 + 2pq+ q^2 to work)
-no gene flow (if a bunch of organisms emigrate and add new genes)
-no random mating (no preference of alleles)

Effect of selection: 
e.g. a certain number of an organism with a certain allele will die 
-frequency of allele is lost
-there is a different allelic ratio: microevolution has happened
-artificial selection shows the effects of selection: certain traits will always be more prevalent than other traits
-if we select against a trait, it usually does not disappear (under mild selection)
-overtime, a trait that is selected as being disadvantageous may become advantageous
-Under EXTREME selection, genes that are not favoured may disappear (if the allele frequency of the favoured gene becomes fixated)
- eg. Agricultural crops: there was originally a lot more genetic variability in crops than there are now due to agricultural husbandry (as genes have become fixed). Shifting environments cause crops to fail as there is no genetic variation. 
-zoos: losing variability by keeping only certain genes preserved (will not do well when brought back to natural habitat in hopes of repopulation)
-the frequency of a recessive lethal allele will always end up at around 0.1, even when all the homozygous recessive organisms are removed (natural selection will never cause a lethal gene to be completely lost)

-eg. Good gene plateaus at 0.7 (what usually happens) – not up to anticipated level of 0.9. This is caused by heterozygous alleles having the advantage (sustains bad gene at a high level than expected)
-eg. Sickle cell anemia- a point mutation that causes amino acid substitution in haemoglobin, a rbc becomes sickled instead of donut shaped. It is a deterious disease (especially with those who are homozygous for the disease) as you fail to make efficient rbcs (problems with oxygen debt). If you are heterozygous, your body fights and destroys sickle cells using the liver. Where malaria is, the sickle celled gene is held in the population when you would think it would normally disappear. Heterozygous for sickle cell: have an advantage in that the malaria parasite will infect both sickle celled rbcs and regular rbcs. These people therefore have the ability to rid the body of malaria. The parasite will always survive in people who do not have sickle-cell.  There is a high level of heterozygosity in areas where malaria is prevalent.  (as heterozygosity is advantageous, the “bad” allele is being kept in the population)

Quantitative Variation:
-Most traits we look for in a population are not controlled by single alleles (Hardy-Weinberg does not apply)
To measure variation in polyallelics, a bell-curve shaped trend is used(as not all organisms will have the same measurements within these traits, such as grades). This is known as a normal distribution.
-Mean value: the average value within the normal distribution
-Standard deviation: the amount of variation from the mean value
-This is used for identifying selection when we can’t use allelic frequencies (it allows us to determine when a change in a population happens based on changes in this bell curve)
Types of selection
Directional Selection Before this selection occurs; there is a normal bell curve
After this selection occurs, the curve will shift towards the favoured trait
-natural selection favours a trait (eg. Bird tail length (longer tail lengths are favoured), the shorter tailed birds do not find mates so slowly are taken away from the gene pool)
Stabilizing Selection Selecting against the extremes, the mean value is favoured. Thus, there are more organisms with the mean value present in the next generations.
For example, the goldenrod: The parasites that produce the average sized galls in the goldenrod is preferred. If the gall is too small, wasps are able to pierce the gall and lay an egg inside the maggot. If the gall is too large, woodpeckers are able to break open the galls and eat the maggot. 
Disruptive selection Occurs when the mean value is at a disadvantage. This means that two completely different morphologies may be favoured, resulting in these two morphologies potentially becoming new species. For example, the Galapagos finches: a drought causes the middle-sized seeds to disappear so the birds that have medium sized beaks do not survive as well. The small sized and large sized beak finches will survive.

Genetic Drift Having a population big enough for random sampling to work. For example, flipping a coin twice compared to a thousand times and seeing which is closer to 50/50 heads/tails. If the population is extremely small, we won’t get the predicted average of allele frequencies that is associated with the Hardy-Weinberg Principle (p^2+2pq+q^2=1)
In small populations: genes will appear to become fixated very quickly. 
Forms of Genetic Drift:
1. Bottle neck effect:
When a large population suddenly loses quite a lot of its size with only a few individuals surviving. The allelic frequencies in the surviving population may be different than the original populations. In generations to come, the genetic variability will be less as much of it was lost within the decrease in population. 
Examples:
-american bison: used to have a huge population- killed- population crashed to 750 bison- used to repopulate the prairies-  heritability issues are occurring due to the lack of genetic variability within the surviving population
-organisms in a zoo: a massive bottleneck effect in attempts to repopulate organisms when they are almost extinct
(there is so little genetic variability within zoos that if these organisms were to ever be let back into the wild there is quite a possibility that they will not survive)

2. Founder effect: a population of organisms from a larger population move into a new territory where they establish themselves. 
eg. People from france being moved to a region in Saguenay-lac-saint-jean, QC. Another population of people from QC city move into this area, founding population grows to be quite big. Certain diseases are associated with this group of people. These populations do not represent the gene pool from where they come from. As alleles continue to change, allelic frequencies will change to the point where a new species will be formed. 

Mutation
Changes in the frequencies of alleles as an allele may turn into something else. In eukaryotes, mutation usually has little or no effect on alleles. The DNA replication system causes a mutation to be corrected as soon as it occurs (as there’s constant corrections occurring as DNA is being replicated)
Mutations that do happen can be either beneficial, neutral, or deleterious
Neutrality occurs as a consequence of amino acids not being changed when the third nucleotide triplet is changed, so the protein that is synthesized is not different either
Mutations may also occur in introns: the non-coding regions in genes
Beneficial
Deleterious: only in one allele, the other allele may be able to compensate

Types of Mutations:
Point Mutations: (the one big fly had one red eye) (rare!)
Silent
-wobble effect: same amino acid is substituted
Missense (thr one big fly had one red eye)
-no effect
Nonsense (the one big)
-a stop codon is added early on, a fully functional protein is never created
Frame Shift (the one rbi gfl yha don ere dey)
-
Chromosomal mutations (where most of the mutations in eukaryotes comes from)
Chromosomes are wound tightly around each other, when they are pulled to the center of the cell breaks within the chromosomes often happen. They are quickly resealed but pieces of chromosomes may be placed in different positions from where they were originally…
Inversions 
-pieces of chromosomes may become inverted (may not be damaging, especially if it is an intron)
Translocation
-When chromosomes break, the broken off pieces of chromosome may attach to a new chromosome
Deletion
-a piece of a chromosome is lost when the chromosome is resealed
Duplication
-a piece of chromosome gets duplicated
Genome duplication
-where the whole genome is duplicated
-may be beneficial: for example, if a gene is coding for a catalytic reaction if it ends up being duplicated then more processes might be able to be regulated. Meanwhile, the original gene is still regulating the original process.
-Major gene duplication: in vertebrates… the ancestral invertebrate’s genome is duplicated, this duplication is so perfect that a bunch of different processes can now be regulated. Eg. 1 hox gene in fruit flies, 4 in mice
Crossing over  
-occurs during meiosis when chromosomes align. As they are pulled together to enter meiosis they end up breaking. The chromatids of two chromosomes are so close together that when annealing of the chromosomes does occur, the breaks in the chromosomes result in a mixing of maternal and paternal material on a chromosome. This occurs very often and this is where most of the variability in eukaryotes occurs
Polyploidy
-extremely common in plant cells as they are able to self-fertilize
-occaisonally meiosis in plants will fail and gametes that supposed to be haploid are now diploid. When two diploid cells fuse, the result is a tetraploid. This process is known as polyploidy. Although this is a viable plant, it is not able to breed with other ploidies. Thus, polyploidy is responsible for creating new species
The agricultural industry often tries to manipulate polyploidy as polyploidy plants grow faster and are larger.
-Two different species of plants of the same ploid may also fuse. The product of fusion will duplicate by mitosis, undergo meiosis, and then self-fertilize to form a new organism.

Gene flow Extra genes enter the population via emigration
Migration between isolated populations
-there may be 2 or 3 different founder effects of a population; they might no longer have the exact same gene sequences
-connecting founder effect populations may increase genetic variability

Random mating: we want to make sure that all individuals have an equal chance of breeding with one another within a population
Inbreeding: non-random mating
-when an organism breeds with a genetically similar organism (eg. Offspring) the heterozygosity is lowered. However, the gene frequencies will not change (not associated with microevolution)
For example: sexual dimorphism, males develop traits to impress females in order for mating to occur (must have traits that are better than other males) (both gender have very different appearances than one another)
-typically only the male shows dimorphism

Reproductive strategies
Females: Have limited reproduction potential since they cannot breed for their entire lives and can only produce a certain number of eggs. This results in females wanting the sperm from the best suited male for fertilizing their eggs
Males: They are not limited by reproductive potential. Thus, they want to have the ability to spread their genes to as many females as possible (must compete against other males)

Sexual selection (random mating does not occur!)
Since females have to choose who they will mate with, the males compete with one another
Females: They may be attracted to different mating rituals or morphologies (directed selection)
Orange is a commonly preferred colour as orange comes from keratin (a pigment in plants) which means that birds are well-fed.
Males: undergo combat, sperm competition, and infanticide:
Combat:
keep in mind that one male of a population of animals will usually mate with all or most of the females within that group. The number of males other than the dominant male who will have the opportunity to breed will be based on how large the population is. This male is dominant as they are able to defeat other males through combat
Sperm competition
Males compete with each other in order to get their sperm to fertilize the female first
-For example, dragonflies may scoop each other’s sperm out from a female, males might also hold onto females until its sperm fertilizes the egg. The female may eject the sperm if she does not find the male fit enough for her
Infanticide (eg. Lions)
A new dominant male will kill all of the lion cubs as they contain the genes of the old dominant males (they want only their genes to survive)

Speciation
How do we know if we have a new species?
Approximately 1.3 million species have been named
-Using the taxonomic hierarchy to estimate species= 8.7 million species in total (by using the ratios that exist between taxonomies)
Currently: we are in the middle of a mass extinction: 50% of all genera will disappear

What is a species?
1. Biological species 
Species are interbreeding populations that are reproductively isolated from one another. 
Problem: a biological species definition assumes that only sexual reproduction takes place. This means that archaea and eubacteria cannot be classified as species. This leads to them being described by protein, antigen, flagellar proteins characteristics. Originally, they were defined by morphology but different species of prokaryotes may look alike but behave very differently. It also does not take into account fossils as you do not know if they interbred or not (eg. The transition that lead to the creation of the horse, you do not know when the actual species emerged)

2.  Phylogenetic species 
The synapomorphies are used to define groups of organisms that are related (eg. Having a radula defines molluscs.) In other words, it is the smallest group of organisms that may share a potential common ancestor. Organisms that are shown to be related to one another by a phylogenetic tree may be segregated because they live in different ecological niches. They can potentially interbreed however. The Phylogenetic species concept tries to eliminate the idea that isolation is the key factor in defining a species. This solves the problems associated with fossils since you can just look at the similarities between fossils and modern day organisms in order to classify them
Problems: You can keep branching diagrams without ever stopping as new species are always being discovered.

3.  Ecological species (not an accepted species concept)
This defines that a species consists of organisms that live in the same ecological niche (if an organism that is found living within one specific climate appears to be living in a similar climate- it is a species.)

4. Morphospecies
A species concept that is based on a similarity or difference in appearance 
For example protostomes: one group within protostomes is defined as having a trochophore larvae while another has a  lophophore (using morphology to define two groups)
Eg. Warblers: one has a yellow throat while another has a yellow rump (which has a white throat)
Problem: Many organisms can have a variety of different colour patterns but may still be genetically similar enough to be a species. People would typically not look into whether or not they are reproductively isolated/if they can interbreed or not, they would just assume that two similar organisms with different colouring patterns are different species.

Many organisms originally considered to be species are now subspecies. This is a combination between the three main species concepts. When a new species is to be named a mixture of all 3 concepts are used
Eg. Canis lupis
-there are a variety of wolves around the world; originally were different species
-phylogenetic work/cladistics/ genetic work is done on these wolves which reveals that these wolves could interbreed if they were in the same area of the world (all the same species). Now, instead of having multiple species of wolves there are multiple subspecies of wolves. 
 isolated species that can potentially interbreed. When left alone to diversify, may potentially become new species
Eg. Dogs can breed with wolves: now a subspecies of wolf as well
Eg. Rat snakes: different species that are slightly different from one another, undergo interbreeding (rarely)-> as they can potentially diverge and become new species they are given subspecies names 
Eg. California salamanders
-one salamander migrates to either side of a mountain range and diversifies based on their environments (and will eventually become entirely new species)
-Ring species: a connected series of different populations that can interbreed with one another. They illustrate that in time populations can diverge into new species.
-one subspecies develops camouflage, another develops an appearance that is similar to a poisonus newt
-the hybrid of these two subspecies loses both advantages that were adapted by these species: it has very little species
-This reinforces the isolating mechanism (an example of a founder effect)

Mechanisms of reproductive isolation (in order to keep a species a species)
In order to isolate species from one another, we can either prevent egg and sperm from meeting up (pre-zygotic) or, if fertilization does occur, prevent the survival of future offspring (post-zygotic)
Pre-zygotic isolation
Ecological 
Organisms that live in different regions cannot interbreed
Temporal
Organisms may have different mating seasons
Behavioural
Organisms may have different mating rituals that are meant to only attract a potential mate from the same species. For example, firefly signals and birds songs
Mechanical
Organisms genitalia cannot fit into one another. For example, insects have lock and key genitalia. 
Gametic
The females egg protects itself in such a way that makes the sperm from another species unable to penetrate it for fertilization
For example in marine invertebrates, porifera will use the sperm of a different species as nutrients
Post-zygotic isolation
Hybrid inviability
The offspring that is a product of two different species never fully develops (the embryogenesis will fail- a fully grown organism never happens)
Hybrid sterility
The offspring of two species cannot produce young (for example, the cross between a donkey and a horse produces a sterile mule.)
Hybrid Breakdown
The offspring of two species is not well-adapted to its environment and will not survive for long (for example, the hybrid of the two diverging species of the California salamander)

How do we get speciation? (how do we separate organisms so that they can develop into different species?)
Allopatric speciation (vicariance)
A barrier comes between a population and divides a population into two. These two new populations may diverge and become new species
When the barrier is removed: two new species are stable, there will be no viable hybrids with the other new species 
Continental drift: Gowanda separates into different continents; the entire land mass originally contains similar organisms throughout
When South America pulls away from Africa the prominent organisms become the birds (huge predatory birds). In Africa the dominant animals become the predatory mammals.
Vicarience: the process of separation of populations
*a physical barrier between species

Dispersal: the founder effect; a population moves to a new territory and eventually adapt into their new environments and become a new species (for example the Galapagos finches- move to different islands where different beak sizes are preferred)
*species create a barrier between themselves by migrating

The grylloblattid: an example of ice age vicariance
-survives the ice age: extremely well adapted to the cold
-lives on the tops of the mountains (as they did not fully glaciate)
-develops a reproductive mechanism so that it can survive the ice age: does not freeze in cold temperatures. Feeds on spores and other materials in the air within the areas where glaciation did not occur
-as the glaciers retreat they became isolated on the tops of the mountains (cannot survive in mild temperatures)- each mountain’s inhabitants become subspecies
-They live in what is known as refugia: areas that did not glaciate during the ice age (where things managed to grow within the ice age)

Sympatric Speciation: rather than speciation occurring in different environments, it occurs within one environment. For example, there is an insect that lives off of seeds that are a certain size (the seed sizes typically do not change while the size of the insect is proportional to the size of the seed)
-a new plant species is introduced that produces a smaller sized seed. The insects (with the smaller sized mouths) that begin to inhabit these plants also adapt and become smaller so that they are able to eat the seeds. Eventually, due to the fact that these insects typically spend their entire lives on one plant… they become a new species due to reproductive isolation. The result of this is that there are now 2 different species of plants with two different species of insects living on them

Autopolyploid
Recall polyploidy: meiosis fails and homologues do not separate (plant now has double the chromosomes)
· Ploidies do not mate with other ploids (isolated- new species)

Allopolyploid
· The sperm and egg from different plant species fertilize one another (keep in mind that they must have equal numbers of chromosomes)
-mix of two genes produces viable offspring. As there is new chromosome content in comparison to the content of the parental chromosomes, a new species is formed
For example, wheat: it is a polyploid from 3 different species (3 different sets of genomic material)
-this is caused by plants that self-fertilize
-in agricultural husbandry: certain plant traits are favoured thus are the only ones whose seeds are planted for the next generation (usually polyploids)- results in there mainly being polyploidy edible plants






Silurian and Devonian periods
Recall that in the Ordovician/Cambrian periods, the invertebrates diversify within the oceans
-various body plans occur in the oceans as there are loads of nutrients in the oceans and there is very little competition amongst organisms
-the homeotic genes emerge
-Plants: currently mostly single-celled algae (source of primary productivity)- animals turn this into animal biomass (diversity)
-The second mass extinction occurs at the end of the Ordovician period
|-> continents shift to southern pole (not a lot of absorptive heat is being generated)
-planet cools, ice accumulates- water levels in the oceans drop- continental shelves are exposed- organisms DIE!
-2nd largest mass extinction (many organisms make it through-> only some trilobites survive (leave room for arthropods to develop and crustacean to grow in size)
-27% of families disappear- 67% of genera disappear (phylums/body plans stay intact)
-plants will not be able to go on land until soil occurs

Silurian
-continents are still in the south (main continent is gondwana- other continents are starting to move towards each other in order to eventually form Pangaea)
-since the continental shelves are currently very close to one another, some continental shelves overlap and form warm seas, creates the conditions that are necessary for organisms to diversify and for the invertebrates to recover numbers
-chordates will now diversify further (will have vertebrae)
Vertebrates: a group of chordates that protect their nerve cords by wrapping it in bone. Develop a form of locomotion by using their skeletons

Most primitive vertebrates: agnatha (jawless fish)
Armoured fishes
-earliest of fish are covered in epidermal bone (plates) which acts like armour
Feeding:
-as they have no jaws- they swim with their mouths open
-there are slits running along the pharynx of the fish
-as water is pulled into the mouth, food is trapped within these slits as the water passes out of them. This food is then eaten by the fish (small fishes are included)
*Ostracoderms
Locomotion:
Move via waggling a tail in order to propel the animal forward
Two modern descendants of the original agnatha: the Hagfish and the Lamprey
Lamprey
Life Cycle:
-spend most of their lives in the oceans- move into freshwater river systems in order to mate- lay eggs and die
Their offspring- live in small creeks and streams until they are able to swim back into the oceans- continue to grow and sexually mature- swim back into the freshwater environment when the time comes for them to mate
(same pattern as salmon)
Feeding mechanism:  parasitic- latch onto the side of larger fish, grind the flesh off of the fish using teeth that are found on their tongues, and drink the fishes blood as well for nutrients
Problem: destroyed freshwater fisheries in great lakes in 40s/50s
· Before the canals were dug around the st Lawrence river, lampreys typically did not make it all the way up to the great lakes from the oceans (they would simply breed in the more shallow rivers and streams near the river)
· When these canals are dug for ships to be able to navigate through the st Lawrence, the lampreys become able to move into the great lakes areas
· Explode in population: kill off fish populations
· Offspring stay in the great lakes instead of going back into the oceans (only make their way into the streams within the st Lawrence
· Still a major problem

Evolution of the jaw
-lampreys have cartilaginous rods that keep the openings from which water flows through open
-each rod has a muscle associated with it which can change the shapes of the cartilaginous rods as they contract
-At a point in time, these rods allow the size of the mouth cavity to change in size
-a pumping mechanism is formed: as the cavity is opened/closed water can enter it and then be squeezed out. Fish now no longer need to swim with their mouths open because this system allows water to flow into their mouths (allowing them to feed and to provide their gills with oxygen) without movement
-eventually, the first supporting gill arch develops a hinge that allows it to close on itself (the bones of the upper and lower jaws are formed)
-the second gill arch becomes the hyomandibular bones(assisting bones that allow the structure to close)- the formation of the jaw is completed
Gnathostomes: Vertebrates that have jaws
· Food can be trapped within a cavity that can be closed (preventing prey from escaping)
-originally used as a respiratory adaptation, which is eventually used as a feeding adaptation as well
-one of the most important innovations in the history of vertebrates
The Formation of Teeth
-used to hold onto prey  (occurs hand-in-hand with the formation of the jaw)

Cartilaginous fish (sharks)
-First fish to have jaws
Locomotion: add a set of paired fins to the sides of the body that are embedded in the musculature of the fish (pectoral and pelvic fins) –a bone associates them with the skeleton of the fish
-These fins prevent sharks from being able to stop suddenly (they must glide to a stop) and they are not able to make quick/narrow turns
-there is also a dorsal fin that, when combined with these pairs of fins, allows the fish to achieve stabilization when moving through the 3-D space (it does not tip over while swimming.)
-still moves via a waggling tail
-Different from armoured fish in that they have scales
 called a placoid scale as it points backward and it is embedded in the epidermis: made out of dentin, pulp, and enamel
· Smooth objects moving through often end up having a barrier formed between them and the water. As it slides in between this barrier, suction is created which pulls the water against the body (laminar flow) which makes swimming hard to do
· Scales allow this flow to be disrupted: they prevent water from adhering to the body and there is less friction created by the fish’s movement- the fish can now swim with less drag
· These scales are still protective in nature
Anti-sinking mechanism:
Problem: body tissue is heavier than water (fish cannot stay afloat)
The solution: to create neutral buoyancy sharks possess a lot of oil within their tissues (which is less dense than water) which allows them to have the same density of water/not have to fight the potential of sinking
Breathing:-Sharks cannot pump water over their gills: must constantly swim with their mouths open in order to ventilate their gills
Feeding: not all predators (some feed on phytoplankton) 
-use jaw to grab onto prey- use rolling motions so that the torque breaks apart their prey for them to be able to swallow their prey
-teeth constantly grow and move towards the front of the mouth 
Reproduction: produce very few young 
-female produces 1 egg and puts it in a protective casing known as the mermaid’s purse. This protective casing contains all of the nutrients that are needed for the baby shark to develop
-sharks embed the mermaid’s purse within vegetation and rocks
-sharks have a very long lifespan
-populations are in trouble since they are hunted regularly and do not produce a lot of young

Bony fish
Movement: -have fins that have bony rays that support the fins (known as the ray-fin fish)
-the fins are much more agile than those of sharks: they are easily manipulated which allows the first to quickly stop and brake along with turning easily. Fish are able to hover using their fins (as they usually are always moving)
Breathing: the development of the operculum
-it is a flap of tissue that sits on top of the gills
-as a fish opens its mouth, water is sucked into the mouth which causes the operculum to pull away from the gills. This causes water to be pulled over the gills and out of the mouth through the gill slit. The mouth is then closed which allows the rest of the water to be squeezed out.
-fish can now breathe even when they are still within their environments
Feeding: Fish eat basically anything
Anti-sinking mechanism: fish develop the swim bladder
-it is basically a sack of tissue that is linked into the circulatory system (there is a set of capillaries on either end)
-As you move in the water column: water pressure above forces gases out of blood
-In order to maintain neutral density and to counteract changes in water pressure; the swim bladder takes oxygen from the blood and inflates itself. It lets go of oxygen as a fish rises up the water column
-A swim bladder allows fish to move up or down water columns without swimming
-neutral buoyancy is constantly maintained

Lobe-fin fish
Their fins have actual bones (consists of a single bone attached to a pair of bones which itself is attached to a series of phalange-like bones)
-freshwater
-they are capable of obtaining oxygen from above the surface of the water: besides gills, they also possess a lung
-burrow in particulate matter 

In Devonian…
-planet alternates between periods of dampness and dryness
-This presents challenges for fish that rely on gills for breathing (as dryness occurs, water stagnates (has no currents running through it) and becomes low in oxygen)
-lobe fin fishes have an advantage
-Their fins allow them to be able to move across moist substrates
 beginning of the tetrapod stance: using four limbs for locomotion for moving onto and across land

Transition to land (plants)
-They had to be the first organisms on land as animals require food to eat
Challenges for plants to deal with so that they can move up onto land (these apply to animals as well!):
Water Conservation
 -across exchange surfaces (respiratory surface that CO2 is taken into)
 -across the body wall in general (as the body can potentially lose water)
Protect the gametes against drying out (most important- as life is dependent on sperm fertilizing the egg.)
-unlike in the oceans, there is no water on land for helping sperm reach the egg 
support system (gravity) (there is no water column for supporting the plant’s structure, the water allows gravity to not crush organisms)

PLANTS
-recall that plants undergo an Alternation of Generations type of life cycle
-sporophytes (diploid plants) make spores via meiosis while gametophytes (haploid plants) make gametes through cell specialization
-gametes swim in the stage after a gametophyte makes gametes and before the creation of the plant zygote (up until fertilization)
Plant parts:
Sporophyte (diploid)
-sporangia: spore generating areas within the sporophyte that work via meiosis
-sporophyte comes from fertilization
Gametophyte (haploid)
-Gametangia: Gamete producing areas within the gametophyte that works via differentiation
 “male” gametophytes have an antheridia: a gametangia that produces sperm
“female” gametophytes have an archegonia: a gametangia that produces eggs

-anchored within soils, no vascular tissues exist yet

Liverworts
-do not have leaves (as leaves have vascular tissue)
-appear to have leaves, which are actually thalluses: undifferentiated plant tissues that do not contain roots, stems, or leaves
Reproduction/keeping gametes moist
-have two different structures: archegonia (umbrella shaped) and antheridia (plate-like)
eggs in archegonia hang on the undersides of the umbrella
to get the sperm to the egg; rain drops fall onto the antheridia, splash up and land on the archegonias underside-> fertilization occurs
cell undergoes divisions (sporophyte) spores fall and land on the ground, grow into either archegonia or antheridia
 must live in moist environments
 2nd reproductive strategy (asexual reproduction)
gemma cups are present on the thallus (small disk-like structures that are masses of cells)
raindrops fall into gemma cups, they detach from the rest of the thalus along with the raindrop as it splashes and are transmitted to the ground
here, they undergo mitotic division to develop into another thallus 
underneath the thallus there are rhizoids (extended cells that allow liverworts to anchor themselves)
Gas exchange
-on the surface of the thallus, the liverworts possess openings that allow gas to reach the areas where photosynthesis will occur. These cells are open all the time (one reason why liverworts must live in a moist environment..)
Waterproofing: Have a thin waxy cuticle that somewhat provides waterproofing

What needs to develop…
-two cells on either side of the gas exchange openings (stomata) that allow for water to remain inside of the plant
-a waxy cuticle on the surface of the epidermis that will allow for the entire plant’s surface to be waterproof

Mosses
Waterproofing
Mosses have no vascular tissue, leaves, or roots
-all moisture comes from rain (they are very absorptive)
-traps water via stomata
Reproduction
-the sporophyte lies on top of gametophytes
it releases spores that land on the ground, grow into gametophytes that either have an antheridia or an archegonia on top of them
the gamete-producing structures are splash-pad shaped
rain drops splash onto antheridia, splashes onto archegonia while carrying sperm
fertilization occurs inside of the egg that is produced within the archegonia (now there is a diploid zygote within it)
develops into a sporophyte which will develop spores from on top of this structure
since it is now higher up, the sperm can be carried farther distances
if there is no water- development does not happen *water dependent
gametophyte is dependent on sporophyte—slowly turning into one plant (sporophyte will eventually wrap around and protect the gametophyte)

Evolution of vascular tissues
ORIGINALLY: plant cells use passive diffusion in order to move water from one cell to another
-cells shrivel up as water becomes unavailable
IN VASCULAR PLANTS: a reinforcing ring consisting of lignin prevents cells that are drying up from collapsing, allowing a plant to maintain its structure

Devonian Period
-continent masses are starting to fuse near the equator
-this causes weather patterns to become unstable 
-In aquatic environment: not much diversification happens
-In plants: large (as big as trees) fern-like plants emerge
innovation: addition of lignin and vascular tissue
-we will end up with vascular tissues that have a base of dead cells that are connected end to end, while fluid becomes able to move through these cells, this fluid will provide moisture to the plant via the vascular tissue
Tracheids: cells within the xylem of vascular plants that allow water and minerals to be transported
plant needs to trap light and also needs both minerals and water
since light absorption and water diffusion occur at opposite ends of the plant, the plant needs to develop two sets of tissues for mineral and water absorbing tissues and photosynthetic tissues
these tissues need to be connected

Ferns
-The big leafy structure of ferns is the sporophyte
-the black dots on the underside of the sporophyte are the sporangia
fern releases spores, which settle onto the ground and form a very small gametophyte (heart shaped)
these gametophytes contain both archegonia (at the base of the heart) and antheridia (at the tip of the heart)
splash fertilization (sexual reproduction or self-fertilization may occur)
old gametophyte dissolves as sporophyte emerges from it



Carboniferous and Permian Periods
Devonian extinction
-a large amount of organic content is leached into the oceans from dead plant matter
-the oceans become anoxic
-oxygen levels drop in the oceans- most phyla survive
-organisms on land are fine 
Within the carboniferous Period..
-Continents start to come together on the center of the planet (Pangaea)
-because it extends from the north pole to the south pole it affects ocean currents. 
-changes occur in the oceans (main body plans still exist)
-plants start to diversify more and more based on their locations (eg. Tropical rain forests, arid belt, temperate zone, north/south poles)
-These plants consist of things such as club mosses, giant horse tails, and tree ferns, all of which look nothing like the plants that exist today. These plants are very large due to having lignin to support themselves and because of the development of the vascular system
-next type of plant to develop: gymnosperm (plants with seeds)
the gametophyte is internalized and surrounded by the sporophyte
male gamete is moved inside a waterproof container, pollen

Evolution of plant vascular tissues continued
Role of lignin
-creates secondary plant cell wall
-lignin is a complex structure
-hard to break down (indigestible)- allow large amounts of coal to arise from this period 
-the lignin that lines tracheal vessels waterproofs them by coating them
-without lignin: cellulose is able to become wet; water would be unable to move
-water can now use cohesion to move through the tube as water at the tube of the tube evaporates
-two different types of organisms that can break down lignin: fungi (use it as its main food source) and some bacteria (lignases)
-it is a toxic chemical; it allows the fluids within the tracheal system to always be sterile (never have bacteria or algae within it)

Change within plant spores:
Originally: there is no different between spores that produce “male” or “female” gametophytes (Homosporus)
What develops..
The two spores take on different roles:
One spore becomes very large as it is filled with nutrients for the future zygote to develop 
-This is the spore known as the megaspore (which is produced in a megasporangium), it will eventually produce a female gametophyte (archegonia, where the egg will develop)
The other develops into a very small microspore, with will eventually develop into the male gametophyte that will contain the sperm
-it is so small and waterproof that it is able to travel by the wind

Seeds
-in a seed (a fertilized egg that lies within a megaspore) there lies a zygote that had undergone cell divisions to become a sporophyte that sits inside the megaspore which will provide it with nutrients.
-A protective coating is also placed around the seed

Gymnosperm
Reproduction:
-female cones are usually at the tops of the trees (larger cones)
-yellow cones appear at the bottom of the tree (they are male cones that are full of pollen) Inside the male cone, there is a sporangia that will produce lots of microspores 
-Microspores and megaspores are the result of meiotic division (4 cells as the product):
in males, 2 of the cells will become nuclei in the core of the pollen while the other two cells will form the protective casing (develop a structure that is suited for flight)
in females, 3 cells are lost (polar bodies) the other cell is used in fertilization (a large, well-nourished megaspore that sits at the base of the leaf on the side of the cone)
-wind causes microspores to land on the surface of the female cone, rain allows the pollen to land inside of the cone near the megaspore, fertilization occurs (there is an opening within the protective covering of the megaspore where the pollen travels through- mines its way through the protective layer around the megaspore and fertilize the nucleus)
-results in a zygote inside of the megaspore which divides into an embryo that is surrounded by the nutrient-rich tissues that were provided by the gametophyte
-seed becomes covered in a casing; will drop onto the ground and form a new plant
**The whole gametophyte life cycle is now internalized!

Fungi
Organisms that use lignin
-3rd major multicellular kingdom
-have a haplontic life cycle
Structure
-cells are lined up end to end in order to create threads known as hyphae
-when the hyphae are wrapped around each other, this structure is known as mycelia
-since these cells spread end to end, the septal wall in between is either perforated or it does not exist
it is a long strand of cytoplasm within a chitin casing
-as fungi grow, the mycelium branch out (a fungi consists of miles of branching structures that are cytoplasmically connected to each other.)
-This allows fungi to have a large surface to volume ratio which allows them to absorb the nutrients that are around them (they are saprophytic and digest their food externally by secreting enzymes that break down the food into nutrients (it does not break down the fungus due to the fact that fungi are not made of cellulose) which are then absorbed by the fungi)
-since the cytoplasm is connected, the nutrients that are absorbed can quickly be transported throughout the entire organism
-require moist environments to live in
-may also trap living animals (eg. Microscopic worms) In order to obtain nitrogen
-is only visible above ground when it is ready to reproduce: the structures that arise produce spores 
-“smoke” appears as spores are released
-these structures collapse after the spores have been released
-microfilaments are used to penetrate the spaces in between the cells of the plant
Life cycle (spend most of their lives in the haplontic state-two haploid (non-gendered cells) fertilize one another)
-when the fusion of the two non-gendered haplontic cells occurs, the cytoplasms fuse but the nuclei do not. This process is called plasmogamy
Heterokaryote/dikaryote (n+n)- the product of plasmogamy
-sometime later, the nuclei fuse (karyogamy)
-now diploid, the cell automatically undergoes meiosis in order to become haploid again
-fungi also reproduce asexually; when spores land on the ground they will undergo mitosis in order to form hyphae

In addition to mycelia spreading all over the place, they may also wrap themselves into compact structures that contain a unique architecture (mushroom in a collapse state)
[bookmark: _GoBack]-a mushroom is formed when they inflate (which occurs after a rainfall; the water is transported throughout the mycelia to the compacted structure which is then inflated
-On the underside of the mushroom there are “gills”; on the edges of these structures there are cells that are hanging from stalks that contain two separated dikaryotic nuclei which fuse/divide to form 4 spores which are then carried away by the wind
-fungi are not only used to destroy plants; they have also helped plants in tremendous ways (and even have helped them end up on land)
plants will not grow very well in sterile soil
the relationship between fungi and plant roots: fungal fibers coat the roots of the plant (ectomycorrhizal (outside) fungi)
the fungus has the ability to liquify rock and can extract minerals
the fungus solubilizes the minerals and provides them to the plant in return for sugars from the plant

Arbuscular mycorrhizal fungi the fungus becomes integrated inside of plant cells, the mycelia fibers extend out through the plant which allow a direct transport system to exist between the fungi and the plant
the very first plants that develops root systems did so in conjunction with fungi

Modern- day example: lichen
-a symbiosis between a fungus (which takes its mycelia and wraps it around green algal cells in order to provide them with minerals which they get from the rock on which they sit on)
green algal cells provide fungus with sugars
· This is so unique because it is a symbiosis that occurs between two kingdoms (and a multicellular organism with a photosynthetic unicellular organism)
this was perhaps the first association between fungi and plants
· When this material dies and decays, the first soils are formed (which allows the first root systems to form as well)

Animals- now moving up into the terrestrial environment
Insects
Recall that arthropods have an exoskeleton 
-most important groups of arthropods
-they take the original segmented body plan and create specialized segments by fusing segments together. The fused segments are known as tagma, while this process is known as tagmatization
-eg. One tagma becomes the head (used for sensory processes), another becomes a thorax (locomotion), and an abdomen for feeding and reproduction
-most abundant animals
The acquisition of wings
First group of animal to fly (do not originally fly but acquire flight as plants get taller and they feed on spores)
-they can now move into different habitats, fly to escape predators, to find mates, and to find food
-they also eventually develop the ability to fold their wings in (which is useful when navigating through tree branches)
In beetles: the upper wings become wing covers to protect the wings that are used for flight
-beetles are able to burrow into various materials due to this protection mechanism
Fighting gravity
-a skeleton must be present in order to support the animal
-the skeleton is externalized which must be moulted (ecdysozoa); this skeleton is tubular
-the majority of the cuticle in an insect is known as a procuticle; this is where the chitin mesh is that gives the cuticle its strength
-to waterproof the procuticle; an epicuticle is found on the surface of the procuticle. The epicuticle is made of waxes. It is secreted from glands that are found at the bottom of the cuticle
-it is constantly being replenished

Gas exchange:
Insect tracheal system:
-Openings are found within the cuticle. The cuticle is bent back on itself in such a way that forms tubes. These tubes are lined with the epicuticle so there is no water loss
-the tubes branch throughout the insect and fill with air. 
-The end points of the trachea, which are known as tracheoles do not have the epicuticle lining them branch through the muscle of the insect and connect to mitochondrias (direct oxygen diffusion)
-as oxygen levels in the mitochondria falls, oxygen diffuses from the atmosphere into the insect
-insects never undergo oxygen debt/anaerobic metabolism
Reproduction
-male insect packages sperm in a waterproof container that is called a spermatophore
-he passes it to the female who opens it; and it fills her seminal receptacle
-lock-and-key genitalia= no potential for the sperm to dry out
-female: creates eggs with waterproof shells celled chorions
-there is an opening in the chorion where sperm travel through as fertilization occurs
Insect metamorphosis
Ametabolous: insects that do not undergo metamorphosis; they only grow larger in size
Incomplete metamorphosis: the process by which an insect originally has no wings and then develops them as it matures (eg. Grasshoppers)
Complete metamorphosis: the process by which an insect starts out as a larval stage which creates a sessile/resting pupa which it uses in order to develop into an adult (eg caterpillars-> chrysalids->butterflies)
-the larval stage feeds on a completely different type of food than the adult (caterpillars- high amounts of nutritionally poor plant material, butterflies only feed on sugars in order for them to be able for fly)

Amphibians
-the ancestors of the lobe-fin fish
Feeding
-come onto land after insects are already dominant (source of food)
-use their tongue for feeding; it is hinged in the front which allows amphibians to flip their tongue out and forward in very long lengths
-this new food source allows amphibians to stay on land
-at this point in time, the environment is fairly moist (carboniferous)
Amphibian locomotion
Tetropod skeleton
-They possess a skeleton in which there is a bony skeleton with two sets of limbs (pectoral and pelvic) that are attached to the vertebral column through girdles of bone (think: hip bones); this allow animals to walk
-their legs are stuck to the side so in order to move, they do a push up which gets their stomachs off the ground (as this happens the vertebrate is also lifted)
the vertebrate has overlapping segments to prevent any slipping/sliding of vertebral disks
they still have to wiggle in order to move, but twist from side to side
Waterproofing: amphibians do NOT solve this problem!
Amphibians breathe through their skin, which must be kept moist at all times. This is achieved by multiple glands that excrete liquids onto the skin
-they have a lung (toads exclusively use their lungs)
-amphibians also have poison glands since they have no real forms of protection; causes predators to spit amphibians out
Reproduction: do not solve the problem of not relying on water for fertilization to occur
-must return to an aquatic environment to lay eggs
-they may also lay eggs in bromeliads (plants that trap water) 
-some amphibians may lay eggs and incubate them in their mouths
-another species swallows their eggs, which secrete a chemical that stops the production of acid in the stomach/ muscle contractions. The frog gives birth to small froglets that crawl out of her mouth

Next group of organisms: the amniotes
-turtles, snakes, crocodiles, dinosaurs, birds, mammals
-at the end of the Permian- the first organisms with an amniote egg appear
Amniote egg; the way that vertebrates solve the problem of keeping the gametes moist
-the egg is within in a shell with a chorion
-within the chorion there is an environment called the amnion
-a fluid filled sac in which the zygote under goes embryogenesis
-a yolk sac provides nutrients for the embryo
-albumen; a protein that produces a lot of water as it is broken down
-allantois: another membrane that holds the wastes that are created by the embryo
-the egg is first fertilized and then all of these structures are created
-the egg can now be layed anywhere

Biggest mass extinction: 95% of all ocean-life disappears
-organisms on terrestrial environments are impacted as well
Mass extinctions: a removal of 50% of the biodiversity of the planet
extinctions are always going on (background extinctions); more organisms go extinct this way than in mass extinctions
-most organisms only survive for 10 million years
Causes of mass extinction
-Asteroid Impacts the extinction at the end of the cenozoic period is attributed to asteroids
Asteroids hit the earth, cause dusts and other particulate matter to rise into the air which blocks out primary productivity
There is very little evidence to support the impact of asteroids
-Elevated Carbon dioxide when it occurs; there is a warming effect (recall that there is typically a balance between CO2 levels in the air and in the water)
There are high levels of CO2 in water because of the high levels of carbon dioxide in the air, resulting in lower levels of oxygen (which organisms in the oceans are dependent on)
· Flood basalts ruptures in the earth where magma comes up from the ground within thousands of square miles
When the continents start to pull apart, the crust becomes thin and fragile, causing eruptions to occur
These produce carbon dioxide and other volcanic greenhouse gases (the entire ocean chemistry is changed)
· Volcanoes same process of flood basalts except that two plates move on top of one another, and the earth’s crust is thinned/made more fragile as a result 
· Gas hydrates methanogens lie on the bottoms of the oceans. The methane they produce is solidified due to the pressure of the water (called gas hydrates) when sea levels/temperatures change, the pressure of the oceans also changes. If the pressure drops too low, the methane will defrost and go into the atmosphere where it is one of the most powerful greenhouse gases
-Marine Anoxia caused by high levels of carbon dioxide in water
-Sea Level Changes: cause gas hydrates to de-solidify

At the end of the Permian…
-every single cause of mass extinction is believed to have happened at nearly the same time (except for asteroids)
The other mass extinctions may have been caused by flood basalts, sea level changes associated with the ice, etc

Survivors:
Plants; usually survive mass extinctions due to the fact that they can become dormant within spores and are self-sufficient (all they need are sunlight, water, and minerals in order to survive)
Insects; they survive probably because of their small size and that they are distributed around the world (there will always be at least one survivor somewhere) 
-larger, more complex organisms have a tendency to become extinct easier than simple, small organisms


Mesozoic: Triassic, Jurassic, and Cretaceous
Most intertebrate body plans survive and will diversify
At the end of the Permian period, the super continent, Pangaea, will start to break apart 
Problems that Pangaea caused:
-ocean currents are disrupted
-not many continental shelves
-very little room for diversification; the world starts to recover once Pangaea starts to break apart
At the end of the Triassic; flood basalt occurs (the smallest mass extinction)
-numbers of amniotes is cut short also: two of the groups that survive (with two different skull morphologies) will diversify into reptiles and mammals
At the end of the cretaceous: the continents are noticeably segregated- they will drift into their modern day positions


“Age of the reptiles”
-cephalopods diversify and grow in size
-The most diversification will happen on land
-3 skull architectures for vertebrates will be created

-recall that at the end of the permian, organisms had just completed the evolutionary steps that made them able to lay eggs on land. Gas exchange is internalized via a lung and waterproof.  They have a skeleton for fighting gravity
Waterproofing skin
-the skin is keratinized: keratin is a protein that is cross-linked with dead skin cells in order to create a flexible, waterproof surface
-In reptiles: the keratin forms scales
-keratin can also be formed into fingernails, hair, etc.
-the lungs are almost impossible to dehydrate
3 skull architectures
Anapsids 
-this is no longer a separate group from the diapsids
-a large and powerful jaw will eventually be created that possess teeth that are generally uniform in size
-the musculature associated with the jaw needs to be changed as it is problematic. Originally, the muscles are inserted inside the skull. This interferes with the brain case; openings appear in the surface of the jaw so that the muscles fan/are inserted over the surface of the jaw. This was done in one of two ways:
Diapsids (Anapsids) (eg. Dinosaurs, pterosaurs, birds, snakes, and lizards)
-have two holes in which the muscles spread across
-the anapsids have no holes within their skull architectures
it was thought that this was primitive and there was a divergence into organisms with one or two holes in the skull
the anapsids consist of turtles
turtles have fused their bones together in order to create a casing to protect their bodies (ribs, vertebrate, sternum)
it is thought that the bones of the skull were also solidified In this process (the original opening disappears)
turtles do not have a true jaw/teeth (they have a beak)
Synapsids (eg. mammals)
-possess a single hole in which the muscles of the jaw spread across

-contracting these muscles does not put pressure on the brain case, so the size and power of these muscles/the jaws can be increased
-in the Triassic, diaspids and synapids will survive
The dynapids will be the first of these two groups to diversify/increase in numbers
-the skeletons are now positioned directly under the bulk of the body, the limbs change in multiple ways to help deal with locomotion and fighting gravity
Extinct Diapsids
Includes:
Saurischa : giant herbivores

Ornithischa: duck-billed/armoured dinosaurs

 Pterosaurs: start to fly using a membrane that extends from their little fingers to their bodies (still walk on all four limbs)
-Go extinct in the cretaceous extinction
Modern day descendants
snakes
-discard the pelvic/pectoral girdles and the appendages
-they take on burrowing (appendages would prevent burrowing from being possible)
-in order to capture their prey, they either bite their prey using venom or they will wrap around their prey and prevent their prey from being able to expand/contract their lungs
-they swallow their prey whole; their jaws have become modified and now has an extra hinge- allowing its mouth to be open to a much larger size
Crocodiles
-living fossils; have not changed much since the primitive reptiles
-use their jaw as a crushing jaw (which possesses a lot of power)

-teeth are not yet specialized in reptiles (there is no chewing/tearing of food)

Synapsid reptiles
-they exist at this time! (the group with the smaller population)
-have fan like structures on their backs that help them to warm their blood by orienting them into the sun
Therapsids (ancestors of mammals)
-they are nocturnal (forage at night when temperatures are colder)
-insulate their bodies with hair
-endothermic (warm blooded)
-heat is generated by muscle contractions (eg. Shivering) 
-their metabolism is always at the same level
-start to form specialized teeth
-glands in their skin give off smells to be able to identify each other
-do not diversify when the reptiles are

Plants
Double Fertilization
-a problem in the conifers is solved
the female cone is always producing a megaspore full of nutrients whether it is fertilized or not
In the flowering plants, the nutrients for the megaspore will only be produced if fertilization occurs
two events from fertilization: the nutrients for the developing embryo and to fertilize the zygote

inside the female part of the plant there is an ovary (inside a sporophyte) that contains an ovule that will undergo meiosis to produce 4 haploid cells that will be used to produce the gametophytes.  Using meiosis, it creates 8 nuclear products. These nuclei will move evenly onto either side of the megaspore (4 on one end, 4 on the other) 
from each of the two poles, one of the nuclei moves into the center
at the opening where the pollen comes in, one nuclei will become the egg cell; the other two become synergies that do not serve purposes
at the other end of the cell, the 3 nuclei do not do anything either
the female part of the plant sticks up (the pollen will land on it)
 
inside the pollen there are 2 nuclei. One nuclei is the tube nucleus and the other is the sperm nucleus. When the pollen lands on the ovary, the tube nucleus will build a tube that extends all the way down through the core of the male part of the gametophyte
in behind it are the sperm nuclei (2, undergo mitosis)
when they arrive near the egg cell, one nuclei will fuse with the egg nucleus to form a zygote. The other sperm nucleus joins the 2 nuclei at the center of the megaspore and forms a triploid nucleus. This will divide and proliferate to create the endospore (the nutrient package) that will surround the embryo. 
we now have the two nuclei at the middle of the megaspore which won’t create nutrients unless fertilization occurs
extra genetic material means that the nutrient material can be made quickly. This system means that no energy will be wasted on creating nutrients in the event that fertilization does not occur
-->seed will land on the ground, germinate, and create a plant (with anthers, a pistol, ovaries, etc.; flowers)
Pollination strategies
The flower is designed to attract pollinators. This pollen will be transported to other plants.
-the insect coevolution with the flowering plants is important; this allows for much of the diversity that will occur to only be from flowering plants
Seed dispersal strategies
-done either by air, by water, or through animal excretion
-the fruit entices animals to eat the seed in order to transport it to another location

K-T Boundary
-mineral changes and deposits around the world
-assumed that there was a meteoric impact that caused the cretaceous extinction which wiped out the dinosaurs
-there are shards of glass, spray patterns, an isotope of iridium around the world
-this impact was so gigantic that it shut out the sun for a few years, causing the planet to cool (dinosaurs where susceptible since they are cold blooded so they died out)
Problem: most of the other animals survive
-now that we can model weather patterns, volcanic eruptions, etc. we find out that the meteor was not big enough to cause any huge climatic changes
-most likely: the dinosaurs were so large and dominant that they were causing a destruction of the earth’s habitats. As you approach the end of the trophic pyramid (with initially 7 top predatory dinosaurs) the pyramid is narrowing; the predators were disappearing
-the extinction put the last bit of pressure on the dinosaurs who were already failing as a species
-flood basalts and volcanoes may have been partially involved

-all of the diapsids that inhabited most of the world, now gone, left room for the next group of organisms to emerge

Paleogene and Neogene
-One group that was waiting to emerge: reptiles that possess feathers
feathers emerged 5 or 6 times in the reptile lineage
a feathered diapsid developed endothermy

there is also a furry diapsid that is endothermic

-the insects are not affected by the mass extinction
-the extinction only affects the vertebrates
-continents take up their final positions
-turtles, snakes, and crocodiles survive

Archaeopteryx- a reptile that has feathers and the same bone structure as reptiles but can fly
Feather structure
-a group of reptiles makes their feathers so that they are capable of fanning and moving air
-the quill (the shaft of the feather were it embeds into the animal’s body 
-the structures that branch off of the shaft (barbs) contain hook systems between the barbs that serve as tying them together (interlocking structures)
-made of keratin
-this structure creates a force that can be used to push against air; it is place on a wing
Reasons why the birds may have started to fly:
Ground-up theory of flight
-The feathers were used for collecting insects as the primitive birds ran across land while flapping their wings (like nets)
-a predator goes after the bird: which flaps its wings in such a way that makes it fly
-they start all flying after this
Tree-down theory of flight
-birds would sit up in trees
-it goes after insects and sends up falling out of its tree and glides to the ground while catching insects
-it continues to go into trees/gliding down
Flight Adaptations
-the bones are reduced and hollow so that the bird is not very heavy
-many vertebral bones are fused
-the tail bones are lost
-strong muscles must exist- they must be attached to a center of mass point in order to be able to be strong
the muscles cannot be in the wings to lift and lower them; the muscles become used for tucking in the wings primarily
the muscles become modified so that they are all attached to the breastbone (the keeled sternum)
the muscle that pulls the wing down and the muscle that lifts the wing are attached to the keel (the muscle that lifts the wing is inserted through an opening in the bones of the girdle where it attaches- as it is pulled on, the wing lifts up)
the little muscle is on the inside (lifting muscle) while the big muscle that is used for lowering the wing is on the outside
Bird reproduction: nothing new except that there is a degree of parental care that occurs 
they produce very few young like sharks
the birds keep cool by evaporating water off of their respiratory surfaces and use their feathers for insulation
modify the jaw and have a keratinized beak

Mammals
-have insulating hair
-have a mechanism for cooling using sweat glandssweat glands produce liquids that move up on the surface of the skin and evaporate so that the mammal’s skin is cooled
-Sebaceous gland: keeps hairs moist and prevents them from becoming brittle
-As mammals are nocturnal, they use glands to produce odours so that animals communicate with each other by scent
-secretion from the glandular skin will also be used to nourish young (mammary glands)
-the mammals are the only group of vertebrates with specialized teeth (tearing teeth, piercing teeth, molars) They also have two sets of teeth to replace smaller teeth as the jaw grows
-mammals can eat a variety of different food types
Mammalian Reproduction (the beginnings of the internalization of the egg)
Oviparous
-Monotremes: still lay eggs
the female lays the eggs and incubates them. When the eggs hatch the mother nurses the babies. 
-oily secretion glands accumulate in one region and specialize so that the excrete a highly nutritious milk for the young
Viviparous
-marsupials: give birth internally (amniote egg is internalized.) the embryo that is born leaves the womb and crawls into a pouch where it nurses until it develops into a joey. 
-The mother marsupial usually has a second fertilized that is available that will be further developed once the baby kangaroo leaves the pouch
-Eutherians
-placental mammals
-perfected the problem with the marsupials (that the developing embryo is seen as foreign by the mother’s immune system; ejects the embryo)
-the blood barrier separates the embryo from the mother (the placenta)
-nutrients, provision of oxygen, and the removal of waste can all be done for the embryo without it being detected by the immune system (an isolated development system)
-grows inside the amniotic fluids
-amniote egg is internalized
Parental care is much longer

Macroevolution
-is the study of everything that is above the level of species
Includes:
-adaptive radiations of taxa (how do different taxonomic groups change and diversify?)
-biodiversity changes over time (palaeontology) (has it always been the same? What are the events that caused these changes?)
-extinctions
-speciation (origination, diversification, extinctions)
-origins of novel structures (things that define groups such as radula, exoskeletons, double fertilization, life cycles)

