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Microevolution 
· going to combine what darwin and wallace told us
· trying to understand variation on the planet and why things change you can’t look at individuals. 
· have to look at variation within a population
· Darwin’s 5 theories:
a. no constancy of species
b. common ancestry
c. gradual changes
d. multiplication of species
e. natural selection 
· Mendel: gives us heritable bases for it through the rediscovery in 1900. Law of segregation of characters and Law of independent assortment 
· Huxley (20th century): synthetic theory of evolution
· population genetics and natural selection based on mendelian genetics 
· combines genetics with evolution .. predictable for changes in variations.
· need to know if that variation is changed, has to be measured and quantify that change. 
Population 
All individuals of a single species that live together in the same place and time
Population genetics 
Branch of science that studies the prevalence and variation in genes among populations of individuals
Microevolution
Evolutionary changes that result from changes in allele frequencies in a population, or in chromosome structure or numbers due to mutation and recombination
· story of changes of the alleles within the population
· 50:50 to 45:55 > shift = evolution 
· combination of population genetics with mendel (all organisms are present as alleles and everyone carries 2 alleles on homologous chromosomes) 
Some basic terms for microevolution:
Allele
One of two or more versions of a gene
Expression of an underlying gene that is physically visible
Simplest expression of a trait 
*carry traits
Phenotype
Outward appearance of an organism
Visual expression of the alleles that are present
· expression of underlying genes. May not tell you the allele frequency. Not necessarily an expression of a genotype.
Genotype
The genetic makeup of a cell, organism, or individual (ie. the specific allele makeup which determine a specific trait of an individual) 
Homozygous
State of possessing two copies of the same allele.
Heterozygous
State of possessing two different alleles of a gene.
Dominant 
Allele expressed (in phenotype) when more than one allele is present
Recessive 
Allele that is masked by a dominant allele
Incomplete dominance - snap dragons 
· typical mendelian cross (CCxcc)
· standard genetic ration: 1:2:1 
· using math and concepts of pop genetics, huxley tells us how we can adapt pundt square to predict pop genetics.
genotype and allele frequencies 
Genotype frequency 
Percentage of individuals in a population possessing a particular genotype
· to calculate ex. CC = 450 in a population of 1000 genotypes (meaning 2000 alleles). so 450/1000 = 0.45; Cc= 500. so 500/1000=  0.50; cc = 50. so 50/1000 = 0.05.
Allele Frequencies
Abundance of one allele relative to others at the same gene locus in individuals of a population
Proportion of all copies of a gene that is made up of an allele 
Number of copies of a particular allele divided by number of copies of all alleles at the genetic place (locus) in a population
· to calculate (same as above except) in CC for C= 2x450=900 since there are 2 dominant genes, and c = 0; in Cc for C = 500, c=500; in cc for C = 0; c=100. 
Using the Hardy-Weinberg principle 
· p2 + 2pq + q2 =1 > the sum of the frequencies of all genotypes 
· p = frequency of C. total C = 900+500 = 1400/2000 = 0.7  
· q = frequency of c. total c = 500 + 100 = 600/2000 = 0.3 
· probability  of CC = pxp = p2
· probability of cc = qxq = q2
· probably of Cc = 2pq 
· the allele and genotype frequencies would not change with the following generations 
Hardy Weinberg Principle
· Evolutionary rule of thumb that specifies the conditions under which a population of diploid organisms achieves genetic equilibrium.
Hardy-Weinberg principle’s assumptions 
1. no natural selection 
	* none of the allele combinations is favourable
2. no mutation
3. no genetic drift
· need to have large numbers in the pool to make sure that proportions remain the same. large sample, allele pool and population has to be large.
4. gene flow
· new individuals (migration).
5. random mating 
· assembling allele at random.
· hw eqm will tell you if the frequencies have changed and if they do there is microevolution.
· if we detect a change in gene/allele frequency, det which of these 5 is bringing about the change 
· simple form of HW eqn: just 2 alleles 
· even though eqn simplistic > but no one understood how you could predict something was going to happen in the allelic frequency. 
· if genes in pool get disturbed then allele proportions do too. 
· seems odd to have math eqn to prove nothing is happening. can go and measure allele frequencies over time and if they are changing > microevolution. why? do we have random mating, gene flow? start doing work to why the frequencies are not assembling properly.
Null Hypothesis
· Statement of what would be seen if the hypothesis being tested were wrong
· ex. peppermoth > no gene flows, large populations, random mating. mutation is fixed rapidly. they knew they were seeing natural selection. design of analysis disregarded everything else. 1st case of pop genetics and natural selection. 
> Effect of selection 
Natural Selection
· Evolutionary  process by which alleles that increase the likelihood of survival and the reproductive output of the individuals that carry them become more common in subsequent generations
· Higher fitness – more likely to reproduce
· ex. caged mice some have tendency that get on exercise wheel that enjoy it but others don’t
· select mice on exercise wheel > take them and breed them with each other > after 9-10 generations = selecting activity in mice > long distances and go faster 
· select mice that don’t exercise> breed them with each other > opposite occurs
· not an example of an allele, ex of selective pressure
Fixation
· When strong selection occurs, some alleles maybe wiped out causing another allele to become not dominant; the not-dominant allele becomes fixed.
· under severe/extreme selection= allele that is being selected for disappears in population.
· putting in situation where theres a min # of survivors > eliminating genetic variabiltiy
· ex. crop: selecting for certain traits, may also inadvertantly loosing other variabilty
· happens in antibiotic resistance, insecticide resistance and other types of resistance. selected for survivors of our treatment. 
· agricultural crops. only small varieties, other traits have disappeared. have been bread to survive under ideal conditions, so if theres environmental changes they will all die.  
· fix genetic complement, lose genetic variability 
· too much selection, fixate on what’s there
- Against recessive: 
· selection for the recessive 
· aa disappear = drop of #s = change in allele frequency = microevolution
· ex. single allele found in flower beetles 
· put in jar with heterozygous individuals why? the only way to get the recessive genes in the study because the double recessive are dead. 
· let them bread randomly, have all the Hw assumptions. 
· get more dominant alleles in the population and losing recessive 
· important: can mimic this in a natural pop, and that the allele will ever disappear. unlike heavy selection. natural selection never eliminates the allele. what if sometime in the future there is an advantage to having an allele, well its still present.
- for Heterozygote 
· starting as mix equally of homozygous. run simulation get more heterozygous genotypes.
· if you take out Aa, it would always be there (originally thought it would be eliminated)
Heterozygote Advantage
· Evolutionary circumstances in which individuals that are heterozygous at a particular locus have higher relative fitness than either homozygote.
· ex. sickle cell anemia 
Sickle Cell Anemia
· Disease caused when a person is homo/heterozygous for sickle-cell mutation 
· Abnormal hemoglobin is produced and red blood cells deform
· homozygous for it = bad
· if heterozygous for sickle cell: some production of healthy blood cells and some sickle cells. 
· unusual: incidence of Aa in sickle cell correlates with less malarial incidence: parasite will invade sickle cels just as much as regular, but liver is continually destroy sickle cells. Aa individual has an advantage. liver will destroy parasite. Aa for sickle cell can fight malarial parasite, something the homozygous can’t do. adv for keeping Aa condition. 
- Selection with multiple loci traits 
· most of the variation we see in a pop is not a single allele. most traits that have an impact are controlled by multiple alleles
· ex. height in humans: have to compare the shape of the normal distribution. HW eqn won’t work. when we can’t measure the allele frequency we look at the shape of the distribution curve
· the width of the curve and where is the centrepoint (median)
· mean and spread (SD: where do 90% of the individuals are)
1. Directional Selection
· One end of the spectrum is less ‘fit’ than the other
· Fitness= ability to pas gametes/alleles onto the next generation
· ex. short tail selected for and doesn’t pass genes to next generation. short tail disappears. and the distribution will make a shift and the avg tail length will be larger 
· changed the mean in one direction but haven’t changed the shape of the curve
· selected for animals at one extreme
2. Stabilizing Selection
· Type of natural selection in which genetic diversity decreases as population stabilizes on a particular trait value (losing the outsides)
· selected for animals at both extremes.
· both disappears and the distribution will narrow but same median 
· stabilizing around this mean point
· ex. birth weight in humans. medical practices: over time we are trying to eliminate very large and very small babies. ensuring they are all the right mass. narrowing curve. heading toward around ideal birthweight 3kg 
· ex. goldenrod galls: when the plant was young the fly has put in egg in there> hatch (maggot) > secrete chemicals that causes cancer in plant 
· plant cells divide in huge numbers: tumor in plant, insect did this because it is going to eat the tissues. 
· also a wasp can gap into the gall its egg laying structure trying to find insect inside the gall, to lay egg inside the insect > maggot of the wasp will eat the tissue that the insect is ingest. and what leaves the gall will be a wasp
· laying egg in insects in galls that are small. select the smallest of the galls
· big gall: woodpecker and birds can land on the gall and crack it open. select the biggest of the galls. 
· insect won’t survive if gall is small because of wasp and won’t survive if gall is too big because of the woodpecker
· uniform size gall that no one can penetrate 
· because the fly has figured out what size to make it so it doesn’t get attacked. 
3. Disruptive Selection
· Low fitness for individuals in the centre of distribution
· Being in the centre is disadvantageous
· Extreme phenotypes have higher fitness than intermediate phenotypes
· middle is selected against. removing the centre of the variation
· ex. medium size tail: less likely to produce offspring 
· ex. finches in the galapagos cracking seeds
· big beak: cracks big seeds, and can’t crack small seeds... and vice versa
· where they live theres a normal distribution of seed sizes
· there was a drought, some plants stop setting seeds. the ones that were susceptible to the drought were the ones that made medium seeds.
· in couple of generations, finches specializing with small beaks and some with large beaks
· potential to create 2 new morphologies
· distribution of beak size came back when rains occurred and the medium seeds came back
> Effects of Mutation 
Mutation
· Spontaneous and heritable change in DNA
· Occur in gametes
· Only on one of the strands of the DNA helix
· Beneficial, neutral, deleterious
· change in DNA sequence of cell’s genome b/c of radiation, virus, transposons, mutagenic chemicals, errors in meiosis or DNA replication, or by organism itself by cellular processes – hypermutation
1. Neutral Mutation
· No effect on fitness (neutral with respect to natural selection)
· Ex. different codon, same amino acid
· Neutral if no regulatory effect
2. Beneficial Mutation
· Mutations have a positive effect on an organism. In this case, the mutation may enable the mutant organism to withstand particular environmental stresses better than wild-type organisms, or reproduce more quickly. In these cases a mutation will tend to become more common in a population through natural selection 
· sickle cell disease in Sub-Saharan Africa – carrying one of the traits allows resistance to malaria
3. Deleterious Mutation
· Mutation that decreases the reproductive fitness of the organism carrying it
· many aas that are coded in genetic code have more than one code for them
· ex. Thr: AC_ doesn’t matter what is put in last 
1. Point Mutation
· Single change in a nucleotide sequence 
· 1 in every 100 000 000 base pairs will have a mutation
· silent, missense, nonsense, frame shift 
Silent Mutation
· Base pair mutation in a protein coding gene that does not  alter the amino acid specified by the gene.
Missense Mutation
· Base pair substitution mutation in a protein coding gene that results in a different amino acid in the encoded polypeptide than the normal one.
* create incorrect reading frame 
Nonsense Mutation
· Base-pair change results in a change from a sense codon to a non sense codon in the mRNA
· Polypeptide translated  is shorter than the normal because of mutation
* early termination 
Frame Shift Mutation
· Mutation in a protein-coding gene that causes the reading frame of an mRNA transcribed from the gene to be altered resulting in a different , non-functional amino acid sequence in the polypeptide.
2. Chromosomal mutations 
· changes in the chromosome 
· inversions, translocation, deletion, duplication, crossing over, polyploidy, genome duplication 
Chromosomal Inversion
· Piece of chromosome ends up with a double break before it can be repaired
· Chromosomal material inverts and we get a change in the sequence of genes
Chromosomal Translocation
· Chromosome piece breaks off and when a repair process comes along it attaches to a different chromosome number
· Can take a gene from a non-active spot and move to an active spot
Crossing Over
· Recombination process in meiosis in which chromatids exchange segments
· We always get an offspring from the information of both parents in random order
Polyploidy
· Condition of having one or more extra copies of the entire haploid complement of chromosomes
· Occurs in plants
· when there is an error in meiosis and rather than last division occurring, the 2 chromosomes stay together and now the 2 gametes is diploid = animals = lethal, not good. 
· but in plants they can tolerate it, mate and combine sperm and egg that are diploid and can become tetraploid.
· some plants that are closely related can combine gametes from 2 different species > end up with a new plant that is a combination of 2 plants. 
· increasing the chromosome number and has huge benefits for plants: larger seeds, more robust, greater fertility, success to plants: variability hard to come by because they are fixed in one location so they adopt this.
Gene Duplication
· Doubling region of DNA that contains a gene
· Second copy is free of selective pressure (mutations of it have no deleterious effects on host) – so it gets mutated more
· New gene can: increase fitness, improve fitness (ex. wheat)
> the effect of genetic drift 



Genetic Drift
· Random fluctuations in allele frequencies as a result of chance events ; usually reduces genetic variation in a population
· Bottleneck effect, Founder effect
· is sampling size. can we sample with enough numbers to assure probability. 
· as we sample, we basically have a moving target, and only get it only if we have large samples. 
· becoming smaller around the predicted as you have larger and larger samples
· when sample size extremely small: have potential of losing alleles, losing availability
Bottleneck Effect
· When an extremely large population is exterminated by a random effect 
· Example , forest fire, loss of habitat
· were not guaranteed that theres the full variability in the surviving pop because of the decrease 
Founder Effect
· Evolutionary phenomenon in which a population that was established by just a few colonizing individuals has only a fraction of the genetic diversity seen in the population from which it was derived.
· Species comes from a new place and brings with them a incomplete set of genes from the original place
· subsampling of a species migrating to another area
· typically studied and looked at through humans
· isolated culture/group can develop heritable diseases ex. muscle disorder at sageny lac st jean.
> Effects of migration 
Gene Flow
· Transfer of genes from one population to another through the movement of individuals of their gametes – migration
Migration
· Predictable seasonal movement of animals from the area where they are born to a distant and initially unfamiliar destination, returning to their birth site later.
· ex. population of plants separated from a original group. ex. seed may have floated away and set itself up. it will create a population that has a different genetic/allelic frequency
· 2 populations are no longer isolated if you can connect them. ex. conservation. isolated population of organisms in a range and theres a ND. connect the isolated populations instead of regenerating all the land mass etc. ex. wild life reserves. 
· y to y corridor: yellowstone national park to yukon territories and connect them all together so that all the isolated populations of animals can migrate between other areas to bring the diversity up. 
> Effects of non-random mating 
Non-Random Mating
· Sexual selection: female choice or competition
· Against Hard-Weinberg equilibrium
· preference for certain alleles to combine with each other > causes certain alleles and extremes to be favoured because of this advantage. certain combinations more likely to be genetically fit and transferred to the next generations
Inbreeding
· Special form of non-random mating in which genetically related individuals mate with each other.
· if you control the population and they are only allowed to mate within that population (close relatives, relatives), there will be homozygous and also heterozygous at first, then with inbreeding if Aa mate with each other they join the homozygous genes pools (half become homozygous) over time end up with homozygous population. 
· if heterzyogity is an advantage then this is bad (ex. sickle cell)
· ex. royal lineages and increased genetic disorders 
· is the allele frequency changing? isn’t changing 
· the pool is the same 
· no genes have moved in and out
· none have mutated
· just non random mating that doesn’t change gene frequency
· don’t get microevolution occurring
Sexual Dimorphism
· Differences in the size or appearance of males and females
*physical characteristics (secondary characteristics)
why did this arise?
· very big difference in reproductive strategies in males and females
· females: metabolic reserves and energy to produce eggs (time and incubation, taking care of 1st stages emerging from eggs); limited number of eggs. is resource intensive and limited in number of gametes
· males: scatter genes as far and wide as you can. find as many females as they can (not an advantage to mate once, want to spread genes). gamete easy to produce, and lots of them. 
· female> detect if she’s going to get good quality sperm. so male will develop secondary characteristics (dimorphism) to show that they are good
Sexual Selection
· Form of natural selection established by male competition for access to females  and by the females’ choice of males
Female Choice
· Sexual selection – mate choice
· Females prefer to mate with pales with external ornaments – exaggerated features of morphology
· Ex. longer tails, choreographed dance in birds
· female choice: some birds have extremely long tails (adornment nothing to do with fn, but if you are metabolically fit etc. then you will have a longer tail that attracts other birds)
·  theres a distribution of short, medium, long tails and they cut off the long tails and put it on the birds with short tails and looked at mating frequencies > guaranteeing the success of which male will be chosen been with females
· mating behaviours > dancing, songs by the male 
· HW eqm is breached because whoever can show is more fit can pass on their genes
Male Competition
· Form of sexual selection – non-random mating
· Combat: fight to get access to all the females
· Sperm competition: try to ensure own sperm is fertilized – can scoop other sperm out of female and put in own
· Infanticide: new male kills offspring of replaced male
· combat: dimorphic characteristics to other males (don’t challenge me)
· the male who is successful is able to produce more offspring because mates with more females 
· the 2 males will never cross into the other males territories
· sperm competition: damsel flies connected to each other = copulatory wheel
· male damsel fly holds onto female
· mated by the male
· when he couples with female 1st time he scrapes out sperm from her system (come from another male)
· making sure no other males come around and mate with her until his sperm has fertilized her egg
· 1 male competing with other males to make sure his genes get past on
· infanticide: if you take over as a dominant male if a new male arises the new male will kill all the young lion cubs of the previous lion male who was in charge of the pride to ensure all the young are his offspring

Keywords that didn’t fit anywhere 
Fitness
· Equal to average contribution to gene pool of the next generation that is made by an average individual of the specified genotype or phenotype
· If differences between alleles at a given gene affect fitness, frequencies of alleles will change over generations – higher fitness = more common allele – natural selection
· Depends on environment and reproductive outcomes
Gene Pool
· Sum of all alleles at all gene loci in all individuals in a population
Genetic Equilibrium
· Point at which neither the allele frequencies nor the genotype  frequencies in a population change in a succeeding generations.

Speciation 
· inventory of all species using a different technique and guessing how many we haven’t discovered yet>  8.7 million 
· instead of trying to count all the species, went higher up in the linean taxonomy and theres a mathematical progression and it was the same among fungi, plants, animals.. 
· applied that all the way across all the living taxa. 
· 86% of the biodiversity of the planet has not been seen yet and has not yet been identified
· why should we care about it? biodiversity is the web of the planet and we don’t understand the interrelationships if we dont know how many species there are. and need to know environmental impact if some are disappearing .. are they disappearing from the ones we know about or the ones we don’t know about?
· 1200 yrs to complete the inventory of all the specimens on the face of the planet and 1/3 of a million taxonomics... 
· extinction moving faster than naming rate (will never even know about species that are there)
· species has a genus species name 
· it is important because having inventory of what is there for diversity
· currency of exchange of info around the world
· person who names it has to put 50+ specimens away so someone can go back to check something at a later time
· species name can also be hampering. ex. plant called rapeseed > has toxic chm that is poisonous, oil couldn’t be used as a food source.. genus species included the toxic name in it. it would be a good agriculture crop if you can get rid of the toxin. if high then they didn’t let the plant grow, and if it was low, let it grow and fertilize other low toxins = edible food stuffs, but if you put that genus species name on the product no one will buy it. scientists: sub species of rapeseed not having the toxic element given common name canola (canoil) = the largest selling food oil in america because they corrected the species into a subspecies. 
Species concepts
1. biological species
· Species with the ability to interbreed and produce fertile offspring
· a species concept – same gene pool and allelic frequencies
· two organisms breed within a species, their genes pass into their combined offspring, process repeats, genes of different organisms are constantly shuffled around the species gene pool
· Shared gene pool gives the species its identity – genes are not passed to other species = different identity
· Doesn’t work with species that divide asexually or with all-female species that need to mate with other species, hybrids
2. phylogenetic species
· Concept that delineates species as the smallest aggregate population that can be united by shared derived characters
· a species is a lineage of populations between two phylogenetic branch points (or speciation events)
· grouped by common ancestor
· cladograms
3. ecological species
· a species is a set of organisms adapted to a particular set of resources, called a niche, in the environment
· populations form the discrete phenetic clusters that we recognize as species because the ecological and evolutionary processes controlling how resources are divided up tend to produce those clusters
· grouped by habitat
4. morphospecies 
· species concept that says genetically programmed changes in the size, shape and proportion of body parts of an organism; the process by which specialized tissues and organs form
· grouped by morphology
· has bias, no universal agreement of what species is, tons of concepts
· ex. yellow-throated warbler vs. yellow-rumped warbler

( 1 Biological) Species are groups of actually or potentially interbreeding populations, which are reproductively isolated from other such groups.
· when we have 2 isolated populations they may have the potential to breed but they have separated from each other 
· there are alternatives to this
· there is a potential for all organisms to mate within that gene pool
· haven’t been applied to fossils
· can be applied to 2 of the major kingdoms: eubacteria and archaea because they are asexual (to the PKs)
Reproductive isolation
· mechanisms that prevent individuals from two different species from mating with each other (pre or post-zygotic)
Prezygotic isolation mechanisms
· Acts prior to the production of a zygote or fertilized egg
· before they can ever meet
· ecological (habitat), temporal, behavioural, mechanical, gametic
Ecological isolation
· Prezygotic reproductive isolating mechanism in which species that live in the same geographic region occupy different habitats
· don’t meet because they live in different habitats
· ex. African elephants
* ex. frogs and toads.
Temporal isolation
· mating or flowering times occur at different seasons
· ex. fruit flies (13 vs. 17 years)
· mating activity separated by time. ex. some frogs mate in early spring while others in summer. if females only making eggs in the spring there’s no way a summer species would mate with them
Behavioural isolation
· Prezygotic reproductive isolation mechanism 
· Two species do not mate because of differences in courtship behaviour 
· Ethological isolation: no attraction between species to mate
· ex. Birds dancing
· ex. frogs sing to attract mate
· fireflies: males fly around with burst of light pattern to give indication of which species it is. Female of same species gives responding signal so that male approaches her. [“femme fatale” learns light signal for another species and lures male in and eats them to gain protein to make large batch of eggs]
Mechanical isolation
· physical non-correspondence of the genitalia or flowering parts prevents copulation or transfer of pollen
· “lock and key”
· Anatomically impossible for two different species to physically mate
· ex. moth with giant proboscis and orchid
· plants attract different pollinators
· important in insects and the reason why there are so many species of them
· male transfers sperm to female by cuticle structures on abdomen = lock and key
· ex. at base of plant = nectar to attract insect> only attracting one insect to it and can only visit same flower to pass the pollen. reason for the diversification of plants> they can’t move their male gametes they wrap their pollen to bring in an insect. the orchid is dependent upon male to get fertilization devised a nectary for a specific moth
Gametic isolation
· Caused by incompatibility between the sperm of one species and the eggs of another
· They might try to mate, but no fertilization occurs
· ex. sponges and other species have gametes floating around in the ocean
· sperm penetrate into membrane to get to the zygote. recognition of proteins in membrane. 
· sea urchin > only fertilized by sperms of your own species. ex. sponges picking up sperm from choanocytes.
Postzygotic isolation mechanisms
· Reproductive isolating mechanism that acts after zygote formation
· zygote may not even be able to be formed (hybrids) 
· hybrid inviability, hybrid sterility, hybrid breakdown
Hybrid viability
· post zygotic reproductive isolating mechanism – hybrid inviability: embryo does not develop fully – this will kill attempted new species if prezygotic isolation failed
· ex. sheep and goat
· may not get fusion of the chromosomes. applies to animals. and if not same # of chromosomes then a genome cannot be created and it won’t work.  (no development at all)
Hybrid sterility
· Postzygotic reproductive isolating mechanism in which a hybrid offspring cannot form functional gametes
· Ex. donkey + horse = infertile mule
Hybrid breakdown
· Postzygotic reproductive isolating mechanism in which hybrids are capable of reproducing, but their offspring have either reduced fertility or reduced viability – the backcross hybrids
· not as fit – selected against (ex. ring species salamanders crossing boundaries)
· plants don’t mind hybrids

(2 Phylogenetic) in the evolutionary tree (cladogram) that you build, smallest cluster at tip of branches is a species
· can apply it to fossils and PKs
· problem: no matter how far you go you can keep branching. ex. branch humans by hair colour, eye colour. 

(3 Ecological) defined by ecological habitats and niches they are in 
· how do u define a niche? tiger and lion in same niche prey on same thing but they are different species
· biological species strongest one, but if working with other groups (fossils, PK) use other theory
Ring species
· Can exchange genetic material directly, changing as you move across a distance – big range
· species in different regions – mating at boundaries = variation, causes speciation, creates subspecies
· ex. salamander, rat snake
· two species which cannot interbreed live in the same region and are connected by a geographic ring of populations that can interbreed
· one species changed over geographic space – intermediate species spread out over distance – end species cannot interbreed with original but lives in same area
· not two different species because there is still potential for exchange of genetic material
Subspecies
· a taxonomic group that is a division of a species
· usually consequence of geographic isolation within a species
· ex. environmental conditions may sustain this > may be 5 species of rat snakes later. we don’t know if they are heading to speciation or going to come back together later
· classic subspecies: dog (Canus familians) > hasn’t gone far enough to become its own species. potential for re-mating. domestic dog being moved to a rank as a subspecies of the grey wolf (Canus lupus).  
· ex. salamanders in different geographical areas (of california) are so different that they are on their way to becoming their own species 
· biological species concept of isolation
· problem: when they meet they will mate with each other> the offspring (hybrids) loses the survival strategy 
· strategy that is involving cripsis (hiding in soil), mimacry (becomes brightly coloured)...survival strategy makes them different. 
· the pure ones will keep the strategy
* speciation by separation

(4 Morphospecies) certain morph traits must make the organism different so they are different species 
· species are defined by the morphology of the organism
· issue: if you use morphology, you have to have differences. alot of animals look morphologically the same ex. nematods.
· can explain the name 
· certain morphological traits may seem more important than others
· morpho taxonomy used to separate birds from the reptiles (birds fly so different from reptiles so they deserve their own taxon) but birds were reptiles in a way..birds brought back in the class of reptiles. 
· humans share characteristics with chimpanzees but they are put with the primates
· they are very subjective 
 
Allopatric speciation
one species in one region; geological barrier in between – species splits and changes – gene flow between them stops
New species form because  population is divided and isolated – different alleles fixed
when geologic barrier leaves: two new species
an isolation mechanism would prevent them from interbreeding
ex. continental drift – Australia has different diversity (marsupials)
dispersal – island vicariance – going island to island (changes)
ice age vicariance: Grylloblattid ice cricket lives where there’s no ice at Rockies tips, unique metabolism (blood has antifreeze), survived ice age
Ex. North and South America – different predators (mammals vs. birds)
Vicariance
Formation of new species resulting from geographical isolation and separation of ancestral population into two or more isolated populations. 
Example reindeer and caribou
· dispersal is the opposite of vicariance: organisms disperse to islands/other locations (rafts in oceans) become new species. ex. gallapagos islands. ex. hawaiin islands > fauna different to mainland. 
Sympatric speciation
a species splits in two without any separation of the ancestral species’ geographic range
no geographic barrier – live in the same place
soapberry plant’s size of seeds and short vs. long-beaked insects
· bug that fed on seed of plant > adapted to each other > seed certain depth. large seed > some had small beaks and large beaks > small couldn’t get to nutrients in core, the large beaks could. overtime = speciation. 2 isolated populations arising from single insect. don’t need to isolate organisms physically. 
Polyploidy and speciation 
Autopolyploidy
Genetic combination of having more than two sets of chromosomes from the same parent species (polyploidy within one species)
diploid cell – meiosis (error), should be haploids, are diploids – self-fertilization – gamete is tetraploid
seed won’t be able to mate with same species as parents
genetic variability in plants – polyploidy not tolerable in animals
animals set specific cells away for reproduction
plants: somatic tissue grows by mitosis, then dormant in winter; growing tip of tree produces gametic cells – may not be same as original = genetic variability in the same plant
Allopolyploidy
form of polyploidy – 2 species closely related fertilize
make interspecific diploidic zygote – undergoes mitosis to form diploid gametes with doubled chromosome number
new diploid cell with more chromosomes self-fertilizes (autopolyploidy) = tetraploid zygote (undergoes mitosis, can mate)
no binary fission = doubles chromosome number
ex. wheat – can be more than tetraploid
Triploid
Three sets of chromosomes in cell
Tetraploid
four times the haploid number in the nucleus of the cell

Second contact- hybridization outcomes 
· do actually come together to produce young
Hybridization
Two species interbreed and produce fertile offspring
secondary contact – hybridization outcomes: 
fusion of populations (can interbreed, original population back)
· lose all variation that occurred before. ex. salamanders lose strategies 
reinforcement (can’t interbreed, reinforce two distinct species), 
hybrid zone formation (possible viable hybrid), 
extinction of one population (one with better fitness), 
creation of new species (come together, stronger new species)
Reinforcement
Enhancement of reproductive isolation that had begun to develop while populations were geographically separated
when they come back in contact reproductive isolation can be complete (speciation has occurred) or incomplete (hybrids can be produced)
the process by which a hybrid zone develops into a full species barrier
secondary: if reproductive isolation has already evolved allopatrically and then is reinforced when the two populations come into secondary contact
reinforce two separate species
Hybrid zone
Geographical area where the hybrid offspring of two divergent populations or species are common
viable hybrid
· ex. bird populations > downy and hairy woodpecker

extra keywords
Parapatric speciation
Speciation between populations with adjacent geographical distributions
species evolves from contiguous populations – spreading – new environment favours a different form – adapts into new species
neighbouring populations become distinct species while maintaining contact at a border – interbreeding makes hybrid offspring in a hybrid zone






























Organizing the living world 

Some initial definitions 
Classification
· method by which biologists group and categorize organisms by biological type, such as genus or species
· collected in hierarchical groups by relatedness
· collect and organize things in some way
· putting large groups of objects in smaller groups 
Taxonomy
· classification of organisms into groups based on similarities of structure, origin, etc.
· application of rules to organize a collection (not the same as systematics)
f. ex. stamp collector sorting stamps by country 
Systematics
· study of diversification of life on Earth and the relationships among living things through time
· visualized through evolutionary trees
· using the specific rule of evolution to organize
· goals: reconstruct phylogeny of animals and taxonomy
Hierarchical
· classified according to various criteria into successive ranks or layers
· nested in terms of how it’s organized
· Linnaeus 
· All organisms, from simple single celled protozoans to complex organisms such as insects and humans, classify their surrounding environment; often using simple dichotomous (yes or no) outcomes to order the living world around them. 
Dichotomy
· division or distribution of genera into two species
· divided by yes or no
· everything branches in dichotomies (human brain does it too)
in a hierarchical systems: organisms divide their things in dichotomies > things that are your friends and not your friends; things that are your family and not your family. single things that branch in 2. sits at base of classification systems. living world taken as PK vs EK> in EK single cell or multi cell> in multi cell have tissues or no tissues etc. 
Types of taxonomies 
· Folk taxonomy
· contrasted to scientific taxonomy
· people make sense of and organize their natural surrounding with words (only) like “shrubs”, “bugs”, “ducks”
· based on relationships among cultural categories for important items and ideas
· ancient taxonomy – from lists of organisms
oldest> village/tribal/societal elder knew all the thing out there ex. medicinal plants, food stuffs. 
1st divided world into living vs non living then living into plants and animals 
passed down verbally (limited by word of mouth) 
· Artificial taxonomy
· prominent and easily observed features are used to classify, whereas in natural taxonomy, totality of morphological resemblances and evolutionary relationships are used
· Greeks – travelled, put lists together (ex. Aristotle)
* lists = more than the limitations of the mind
· Mechanical taxonomy
· Taxonomic classification by anatomical parts of organisms
· linnaeus> arbitarily taking index cards and putting them into categories. ex. long appendages =worms. 
· Natural taxonomy (evolutionary)
· taxonomic organization by evolutionary relationships
· same as evolutionary taxonomy
· Darwin
* using morphological characteristics to find similarities between groups > if you have similarities you probably have a common ancestor 
Evolutionary taxonomy
· classifying organisms using phylogenetic relationships and overall similarity
· differs from strict cladism where all taxa in classification always should include all descendants of a single ancestral node
· traditional: using phenotypic similarities (now use cladistics)
Homoplasy
· convergent evolution – acquisition of the same biological trait in unrelated lineages
· independent evolution or origin, independent gene sequences
· ex. swimming mammals resemble swimming reptiles
Convergent evolution
· development of similar structure in organisms that do not share recent common ancestor
· ex. eyes in squids and humans
· analogy, homoplasy
Analogous
· corresponding in function but not in evolutionary origin
· convergent evolution
· use homoplasy instead
· opposite of homologous
· ex. wings of bees and birds
Homologous
· same evolutionary origin but not necessarily the same function
· ex. wing of bat and arm of man
· Linneaus classified organisms based on morphologically and structurally similar characters (homologous), rather than by differences
· Ex. hyomandibula in human changed as brain advanced: used to be support structure in primitive form, now used to vibrate in inner ear (now called stapes)
Homology
· any similarity between characteristics of organisms that is due to their shared ancestry
· divergent evolution
Divergent evolution
· two or more biological characteristics have common evolutionary origin but diverged over time
· also called adaptive evolution
· accumulation of differences between groups that lead to formation of new species, usually from one species adapting to different environments
· homologous structures
Advanced characters
· derived characters 
· compared to primitive characters
· apomorphic
Derived characters
· the less common characters among a given group of organisms
· evolutionary interpretation is that these characters of organisms are most recently evolved
· contrasted to primitive characters
Primitive characters
· compared to derived characters
· more common shared characteristics given to a group of organisms
· same structure and function
· evolved earlier than derived characters
* ancestral form 
Weighted characters
· giving more weight to characters which seem to fit the tree well than to characters which fit it poorly
· assigning a number to each character
· types of characters for weighting: morphology, ultra-structure, embryology, behaviour, fossils, molecules, etc.
· ex. 1st organisms started out with radial symmetry (ancestral): looking in oceans at passive things like jellyfish as evidence (and bilateral are more complex); but others could say bilateral (ancestral) > jellyfish:multicellular crawls on substrate then becomes a polyp (radial) and sat still> see this in echniderms as well. arguments about weighting, which one is more important? inverts evolutionary tree. consequence> efforts made to solve this by asking 3 main questions:
· what is the natural underlying order?
· what types of characters are available to assess that order?
· how do we handle the data from character analysis 
6. Phylogenetic taxonomy (cladistic) 
· alternative to rank-based nomenclature
· naming only monophyletic groups of organisms
· the hierarchical structure of names devised by this system reflects evolutionary relationships of all the named groups of organisms
Cladistics
· system of biological taxonomy based on quantitative analysis of comparative data and used to reconstruct cladograms summarizing the assumed phylogenetic relations and evolutionary history of groups of organisms
· ignores morphological divergence
Phylogeny
· study of evolutionary relatedness among various groups of organisms discovered through molecular sequencing data and morphological data matrices
· evolutionary history of a group of organisms
· based on classification, but today used molecular genetics

Henning
· Willi Hennig – 1966: created phylogenetic (cladistics) taxonomy
· too much subjectivity in evolutionary classification – Hennig attempted to remove this
· used phylogenetic system as the general reference system in biology
· morphology > set of characteristics that are important to divide world but which comes first?
· gives us set of rules so we don’t have to make decisions on merit of the trait as long as you know which is primitive and advanced you can build a tree. 
Types of characters
· morphology * symmetry
· ultra-structure * cell components/structures (ribosomal subunits)
· embryology * spiral/radial cleavage, enterocoel/schizocoel 
· fossils 
· molecules 
* we should get the same evolutionary tree using each of these characters 
Phenetic taxonomy (before)
Phenetic (Numeric) Taxonomy
· grouping organisms based on mutual similarity of phenotype (physical and chemical) characteristics
· may or may not correlate with evolutionary relationships
· modern form of classical taxonomy
· used to get rid of the bias. 
· measure parameters on organisms: ex. used by botanists> measure leaf diameters to statistically detect when you have 2 different species
· cluster analysis > mathematically telling you who is associated with you and can then make a tree based on correlation coefficients
· problem in the late 60s and 70s was that cluster analysis programs would give different branching pattern so things were weighted on whoever had the better program
· got discredited 
(Classical taxonomy
· oldest form of taxonomy
· concerned with description, naming, classification of organisms based on morphological characteristics
· now: numerical taxonomy)
· after numerical taxonomy cladistics makes its appearance (view previous definitions) 
· branching tree that were not biased, but used special characters that existed in 2 states (primitive vs derived) and polarized the traits 
· derived > everyone who has it is a common ancestor
· look for shared derived characters
Representing groups of animals
· Dendrogram
· tree diagram to illustrate the arrangement of clusters produced by hierarchal clustering
· pictorial representation of grouping animals, has implied superiority
· Phylogenetic tree
· tree diagram showing inferred evolutionary relationships among various biological species  based on similarities in their physical and/or genetic characteristics
· based on evolutionary taxonomy, like a cladogram
· try to represent branching pattern of life, phenology and evolutionary history but not accurate, meaning for distances? time? don’t have traits identified.
· Cladogram
· tree diagram used to illustrate phylogenetic relationships
· want 2 branches at each node
· invented by Hennig to remove bias: because traits eliminate bias – branching patterns always stay the same
· each branch represents event that happened at node – all descendants inherited the change
· always compare to the primitive group (outgroup) – all traits set to 0
· bottom: root
anatomy of a cladogram 
Clade
· a single branch, representing a group of biological taxa or species that share features inherited from a common ancestor
· subset of organisms within a group that all have the same shared characteristics 
· method of classification
Sister group
· two clades which meet at a node – resulted from splitting of a single lineage
· share a common ancestor – each other’s closest relatives
Node
· in cladistics, point at which two branches split
Out group
· group of organisms that serve as a reference group for determination of evolutionary relationships between organisms
· primitive ancestor
Polytomy
· evolutionary relationships cannot be fully restored to dichotomies
· a node with more than two immediate descending branches
· adapted radiation
Adaptive radiation
· the development of many different forms from an originally homogenous group of organisms as they fill different ecological niches
· evolution with multiplying lineage
· polytomy
Synapomorphy
· trait shared by two or more taxa and their last common ancestor
· derived character shared between groups
· ex. triploblasty in deuterostomes, protostomes, etc.
· ex.  photosynthesis in different plants
Monophyletic
· taxon that forms a clade
· consists of an ancestor and all its descendants
· cladistics emphasizes this type of relationship between different taxa
· what we want cladogram to be
· has all the dichotomous branches 
· next 2 aren’t done on purpsose 


Paraphyletic
· group contains its last common ancestor but does not contain all descendants of that ancestor
· incomplete clade – needs to be resolved
· ex. reptiles and birds: there is a parallel group that is actually a member under common ancestry, but doesn’t seem like it; reptiles and birds put in two separate groups – ignored that they should be together
Polyphyletic
· multiple ancestral sources
· different taxa are related to each other and last common ancestor to the group is not included in the classification
· thought they were related (convergent) but aren’t
· needs to be resolved
· ex. vermis (worms) put together because cylindrical bodies with no legs but over time have realized that this characteristic has arisen multiple times so not related to each other > whole separate lineages. 
useful characteristics of cladistics
* new words created to show that you are discussing in terms of cladistics 
Apomorphy
· a new genetic characteristic to a clade – derived character within a group
· ex. feathers are an apomorphy for birds
· given score 1 in coding
Plesiomorphy
· sharing a character state with an ancestral clade
· scored 0
· primitive characters within a group 
Syn[image: ]apomorphies (view above)
· tells us where to branch.
Symplesiomorphy
· trait shared by two or more taxa and also with taxa which have an earlier than last common ancestor with taxa under consideration
· shared primitive character that is shared between groups
Phylogeny of animals and Phylogeny of plants > * morphology characters have been confirmed by RNA sequences, Hox genes etc to give us the same tree 
Conflicting interpretations
* cladistics often resolves conflicting interpretations
· sauropsids > resolving issue that birds were branched off. (no more paraphylie) 
· still need to resolve human vs primate 
· if it were cladistics> gorilla, pan (chimpanzees) and hominidae (human) would be in the same taxon. 
Cladogram construction 
· springtail = outgroup = pleisomorphic
· hinge the jaw (mandible) > innovative way to feed becomes shared
· wings = in pairs, when 2 functioning = turbulence, some insects evolve to overcome that > lose one of the pair of wings (reduction to use back pair as stabilizers not flight)
· wings delicate so fold to protect
· young don’t look like adults 
· add up characteristics and whoever has the most is the most derived and at the end of the cladogram. 
Parsimony- The KISS principle 
Parsimony
· principle that no more causes or forces should be assumed that necessary to account for the facts
· KISS principle
· where there are a number of alternative ways of portraying phylogenetic relationships, the simplest and most parsimonious arrangement is considered best
* accept the least number of changes 
KISS principle
· “keep it simple, stupid”
· cladogram design will work best and is likely correct lineage if assumed lineages are most simple rather than made complex
Camera eye
· example of using parsimony
· found in molluscs and vertebrates
· did it evolve once or more than once?
· once – difficult to place – would mean 6 big evolutionary events
· more likely: 2 camera eye developments
· parsimony
· the  two eyes are different morphologically
· Pax-6 gene: like Hox genes
3. to explain camera eye as being monphyletic = 5 reversals (total of 6 events)
4. resolve > not monophyletic (2 events rather than 6) > appeared in verterbrates and mollusks groups independently later (convergent event) 

other keywords
Autoapomorphy
· derived trait unique to a given terminal group, only found in one member of a clade
· found in only one evolutionary line
Linnaeus
· proposed modern system of biological nomenclature
· 1707-1778
· Focused on what animals had in common rather than differences
Binomen
· scientific name at the rank of a species
· generic name, species name
Taxon
· group of organisms with natural relations
· defining what belong or does not belong to a taxonomic group
Fungi
· taxonomic kingdom, includes yeast, moulds, mushrooms, smuts
· get nutrients by means of absorption
Character convergence
· a process whereby two relatively evolved species interact so one converges toward the other with respect to one or more traits
· homoplasy in characters
· ex. swimming mammals resemble swimming reptiles
Character polarity
· direction of character state transformations
· identifying character state phylogeny within characters
Character reversal
· character that reverses back to a more ancestral state
· trait was derived, and then further modified backward
· ex. snake
Common ancestor
· an ancestor that two or more descendants have in common






































Silurian and Devonian periods 

Silurian period (443-416Ma)
· Part of the Phanerozoic eon (550Ma-present) in Paleozoic era (550-254 Ma)
· Between Ordovician and Devonian
· Ocean levels drop
· Lost diversity from Ordovician extinction – marine species
· Cooling – ice coming up
· Age of Fishes
· Photosynthetic activity in transitional areas (between water and land)
· First vertebrate fishes, first land plants
· Gondwana moving up – 2 super continents
* There massive extinction at the end of Ordovician (many reasons)
g. major glaciation > decline in ocean levels (because at ice at poles)
h. continental shelfs available goes down (that’s where everything is living > most productive zone)
i. start to see things up on land
j. greening on land > photosynthesis > changing CO2 in sugars and carbon
k. plate crust stabilize > less volcanic outgassing
l. crash in habitat availability
m. end result = extinction at end of Ordovician

Ordovician survivors 
· cnidaria (corals), mollusks (shelled cephalopods, bivalves, gastropods), worms, echinoderms, bryozoa, arthropods (some trilobites, marine forms (crustacea))
· most architectures remain after the extinctions, only certain morphologies wiped out (things don’t look the same due to a massive bottle neck effect)
· some new architectures invertebrate fish 

Silurian
· age of fish > vertebrate fish body plan starts to dominate > take adv of bottleneck and habitat and ^ in numbers 
· paleo-tethys ocean = shallow water, warm, optimal for productivity of fish 

Arthropoda: Crustacea 
Arthropoda
Crustacea
Jointed-food invertebrates
Arachnids, crustaceans, insects, millipedes, centipedes
Exoskeleton, segmented body, jointed appendages
Protostomes
Crustacea
· Arthropoda
· Take over marine in Silurian
· Ex: crabs, crayfish
· open space for large predators and large organisms
· crustacea > little primary herbivores will also become large

Armoured fish 
Ostracoderm
Armoured fish
Used muscular pharynx to suck water containing food particles
Jawless vertebrate (like lamprey, but had bony skeleton)
Can create currents generated by cilia which allows them to collect food more rapidly and get bigger
Lack true vertebral column
Swam with mouth open – water moves in, flushed across slits in pharynx (gills), nutrients stay
· 1st fish that appear (arms race: protecting yourself)
· not in small scales (like today) > plates of calcified bone
· switch from solid armour to half hybrid structure = armour + flexibility
· faced with 1 problem: unable to open and close its mouth > doesn’t have a jaw
· ancestor: pulling water in slits to send down into the stomach (respiratory and digestive) 
· have to start with this 
· either swim around and catch food or as some did they  dove into sediment and rammed mouths into dirt and force into digestive system. 
· early ancestor to the fish = jawless fish
Jawless fish 
Agnatha
· primitive vertebrates that use a muscular pharynx to suck water containing food particles into their mouths and gills to filter the food and perform gas exchange
· Jaw less – mouth stays open
· Includes hagfish, lamprey, ostracoderms
· Lack larval stage
· lamprey > doesn’t swim to wait for food > parasite on the body’s of larger fish (teeth and big tooth on tongue to attach) 
· attaches to the outside and moves tongue on the inside to burrow into body wall of the fish > detach and reattach = agnathian 
· problem in great lakes > life cycle: adult lamprey time to mate swim out of oceans go in small creeks to lay eggs and the young lampreys hatch and live in freshwater systems for a bit then go back to the ocean. like salmon. problem = when st. Lawrence seaway was opened > why go back to ocean when lake superior is just as big. live in great lakes > destroyed commercial fishing industries. 
Evolution of the jaw 
Gills arches
7. Embryological evidence suggests that jaws evolved from paired gill arches in the pharynx of a jawless ancestor
8. Support flesh between gill slits of chordates
9. In most vertebrates: first gill arches modified to form jaw
Gill slits
10. found on agnatha
11. involved in the evolution of the jaw
12. used to acquire dissolved oxygen  and filter food
· ostracoderm becomes placoderm but in addition can change mouth to create suction > dive and suck food in mouth. gills (slits) along side supported by bone (arches) and as they change size of the mouth cavity 
· animal flexing the mouth > flexing the bones that hold the gill slits open
· bones flex to a point where they become hinged. can close and open. evolution of jaw has nothing to do with teeth. consume food and respiration.
Placoderm
· Armored fish – innovations 
· Left no direct descendants
· Bodies covered with heavy plates of bone anteriorly and smaller scales posterior
· Paired fins had internal skeleton and paired feet
· Fins and undulating tail = swim innovations
· Swam with mouth open – rammed head into ground, got food using swim mechanisms
· Used muscular pharynx to suck water-containing food particles
· Jaws had cutting edges, but no teeth
· Gills to acquire dissolved oxygen and filter food
· Emerged in Silurian
Jaw
· Jaws evolved from gill arches in the pharynx of jawless fishes
· First 2 gill arches started to deform and flex, and eventually flexed, fused and could close = jaw
· In early jawed fish, the upper jaw was firmly attached to the cranium
· In later jawed fish, the jaws were supported by the hyomandibular bones, which were derived from a second pair of gill arches
Gnathostomes
· vertebrates with jaw
· includes amphibians, reptiles, mammals, many modern fish

Chondrichthyes  (cartilaginous fish)
Chondrichthyes
· Cartilaginous fish – sharks, rays
· Sharks: neutral buoyancy because tissues are filled with shark oil
· Fins: stabilized head to it doesn’t undulate with tail
· Fins and girdles 
· Derived trait – lost armour
Cartilagenous fish
· Chondrichthyes
· Represented today by 850 species
· No bone = derived trait
· Marine predators
Pectoral fin
· Pair of find situated behind head of fishes – sides of body
· Control direction of movement
Pelvic fin
· Found on Chondrichthyes and bony fish
· Pair of fins attached to pelvic girdle of fish to control direction of movements
· Correspond to hind limbs of land vertebrate
Pectoral girdle
· Attached to the bony fish cranium
· Is freed from the cranium in the evolution of tetrapod stance
Pelvic girdle
· Structure of vertebrate skeleton surrounding lower limbs in humans or hind limbs or corresponding parts in other vertebrates
· Bony arch
· today: sharks > not the same as the ones before but have innovations that are common to the body form that makes its appearance 
· has jaw (able to feed), have tail> for swimming, stabilizers on sides to swim efficiently (pectoral and pelvic > anchored in body wall = not agile) but get new type of architecture that it can feed and move at the same time. 
· skeleton not mineralized; bony structures sitting inside the 2 lateral fins (pectoral and pelvic) > allows stability when swimming and when it wants to turn it can turn fins to certain degree; no rigid attachment between pectoral and pelvic bones
· the fins aren’t particularly agile> slightly tilt fins to turn left and right
· locomotory power from caudal fin 
· 1st cartiliganeous > have to constantly swim to aerate gills; this is an issue to be in motion all the time. 
· also they are denser than water (sinks) > spending energy to swim to breathe and prevention from sinking
Neutral buoyancy
· physical body’s mass equals mass it displaces in a surrounding medium
· offsets the force of gravity it would normally be subject to
· will neither sink nor rise
· ex. A shark
· high levels of oils in tissues to allow them to be lighter/equivalent to the water = more efficient 
· laminar flow and turbulence > friction between surface of fish and water flowing by = slows down fish = more energy needed to counteract it. so what they create on the surface is small amounts of turbulence placoid scales > create laminar flow. sticks out above the epidermis and embedded in epidermis. can spend less energy to move around (more efficient); also protection; shark scale interesting structure > dentin pulp and enamel (like teeth) 
Placoid scale
· Found in cartilaginous fish, including sharks
· Instead of armour, shark has scales – creates micro-turbulence = increased efficiency
· Big plates replaced with little scales to reduce drag (evolved from armoured fish)
· Also called denticles – similar in structure to teeth
· Dentin: outer layer of teeth
· Shark has big teeth at front, but jaw is still not feeding structure – swims with mouth open
· For feeding: teeth are like giant scales. major predator (fish evolving into predators). 
· teeth fn: trapping and holding on to their prey, they can’t chew their prey. new feeding strategy > things that are bigger than them by using their teeth (with violent swimming motions to create large forces to tear it apart and go after the pieces). 
· summary: more efficient locomotion, scales, prevent sinking, must constantly swim to aerate itself. but if you have to keep moving > you can’t hide

Bony fish 
Bony fish
Most successful in terms of diversity
Evolved toward end of Devonian  but appeared in Silurian
Scales = small, light weight
Bodies are protected in a coat of mucus that retards bacterial growth and minimizes drag
Pelvic, pectoral, dorsal, anal, and caudal fins – fins can move independently of rest of skeleton = better agility than sharks
Endoskeleton is light weight support and therefore increases locomotion ability
· anchor bones directly to vertebral skeleton (bone connections, not muscles) and used to move the fins = agile fins, can work independently 
· still have tail 
· want to be secretive/hide/hover > stop swimming and manipulate fins to hold ourselves in place; better movement and agility, can swim and then stop (brake)
* but if its not going to move it needs something to pump water: operculum: 
Opercular gill
· Bone flap of body wall that covers a chamber that houses the gills
· Open mouth: lower roof, water comes in
· Closed: squeezes mouth cavity, operculum swings away (opens) = unidirectional flow of water without swimming
· Can respire without moving – a huge innovation
· swing out (pull water out of the mouth cavity if shut) and swing in (pump water in) 
· high mobility, scales (small bony discs), and solved issue of aerating gills
Swim bladder
· “bag of gas”: gas filled internal hydrostatic organ to help maintain neutral buoyancy
· gills pick up gases, lung derivative (swim bladder) is hooked into circulatory system
· fish need different amounts of gas – use capillaries
· 2 capillary systems that supply swim bladder. one releases oxygen and pump it in the bag, other removes gases from the bag and puts its in the circulatory system
· important > as animal moves up and down in water if you’re going to use air > as you move down = more pressure > need more air; need to change volume of air in the tank you are using. rises to surface removes air, moves down adds air. 
· this can change its buoyancy precisely

Evolution of the tetrapod stance 
Tetrapod
· evolved its stance
· pectoral girdle is freed from cranium
· a strong stout fin to crawl in the mud
· amphibians
· first to start walking on land
5. bag instead of being isolated > will make connection to digestive system > fish that can come out of the water and gulp air 
6. instead of delicate fin bones, they have robust and allow it to push up, gulp air, and go back underneath 
7. adv: in areas of low O2, allows the blood to be aerated via the swim bladder
8. design results into organisms that can move from the body of water and walk on land
9. tetrapod stance, where these bony fish set the stage for what will come in the carboniferous period where pectoral and pelvic fins become appendages > fore and hind limbs associated with terrestrial organisms. 


Transitions to land (plants) *same problems that animals will face 
· Water conservation
· across exchange surfaces
· across body wall in general 
· anything that moves across has to be dissolved in water (water film)
· as animal get bigger, the SA:V comes into play and you need large amount of surface area
· solved in animas by internalizing exchange surfaces
· plants inside out and use same surface for gas exchange (holes) and for trapping light (^SA)
· lots of SA external to it because absorbing liquids and nutrients from soil (through roots) as well as carbon 
· Protect the gametes against drying out
· sperm swims to egg
· Support system (gravity)
· must grow upward to get into light which means these 2 growing pts are getting progressively further away from eachother and make sure it stands up and doesn’t collapse from gravity
· same for an animal, which needs to support itself with some kind of skeleton when it comes up on land

Phylogeny of plants 
- have same of events that we saw in animals
· sequentially more and more complex
· green algae= ancestor > become multicellular (division of labour) when they[image: ] come up on land > masses of cells with pores to allow gases in photosynthetic tissues (open) can only live in moist/damp environments> water proof body of plant and shut holes (stomata) when don’t do photosynthesis (respiration at night: Water conservation) > vascular tissues to connect root and leaf (larger sizes) > protect protect sperm from desiccation
· dimorphic life cycle  with alternation of generations
· 2 life cycles > production of gametophyte will be internalized in sporophyte stage= origin of seeds and flowering plants 

Green algal life cycle 
· start pt for plants 
· doesn’t spend large amount of time as large sporophyte in life cycle (resting stage)
· sexual life cycle: haploid filaments capable of differentiating and produce gametes 
· + and - filaments because they are morphologically identical (can’t call them male and females) and gametes similar (both swim)
· gametes fuse to get zygote (2n) > resting stage> shortly meiosis for spores to regenerate plant
· asexual cycle: gametophyte makes spores to make more gametophytes 
· it can either produce haploid gametes or regenerate itself

Alternation of generations in land plants  
· end up with gametophyte stage to make gametes
· diploid sporophyte stage (short lived)
Alternation of generations
NOTE: Not self fertilizing, therefore spores are a major dispersive element
Not a diplontic life cycle
· Alternation between diploid (sporophyte) and haploid (gametophyte)
· Sexual life cycle of plants
· Terrestrial plants exhibit an evolutionary trend towards diploid dominance
· Diploid stage is dependent on haploid generation for nourishment
· Cycle: diploid phase (sporophyte): cell to make epidermis, for reproduction, for photosynthesis, multicellular, division of labour, makes spores, contains sporangia underneath the leaflets
· Meiosis Occurs
· Haploid phase: spores form, undergo mitosis, cell-to-cell communication, division of labour, gametophytes form (have gametangia), become gametes (egg or sperm)
· Fertilization Occurs
· Diploid zygote forms, un[image: ]dergoes mitosis, morphological change into sporophyte
· In water: antheridia burst releasing sperm which fertilizes the egg

Sorting out plant parts 
· 1st plants to come up on land > reproductive organs because dealing with multicellularity (division of labour)
· new nomenclature for sporophyte and gametophyte parts of the life cycle 
· Sporophyte
· the diploid, spore-producing body of a plant
· phase in the plant life cycle
· tiny and short lived
· dependent on gametophyte for nutrients
· “the plant” we see is the sporophyte
· Comes from zygote
Sporangia
· produce spores in the plant life cycle
· in sporophyte (2n)
· The sporangia contain diploid spore mother cells which produce haploid spores through meiosis
Spores
· produced by sporophytes through meiosis in the plant life cycle
· Gametophyte
· Have gametangia producing gametes
· Antheridia-sperm
· Archegonia-eggs
· Protected by sporophyte stage
· the gametophyte  is much larger and longer-lived than the sporophyte and is photosynthetic
· part of plant life cycle
· gamete are sheltered in a gametangium
· contains water, carbohydrates, and some other nutrients for the sporophyte stage – gametophyte need to nourish sporophyte
Gametanagia
· Protective area/shelter for gametes
· Formed by haploid gametophyte
· Produce gametes
Antheridia
· A structure where sperm is produced in plants
· Has specialized cells for photosynthesis
· The sperm swim through a film of water to the archegonia and fertilize eggs
· Each fertilized egg gives rise to a diploid embryo sporophyte, which stays attached to the gametophyte and produces spores—and the cycle repeats.
Archegonia
· The gametangia in which bryophyte eggs form are flask-shaped structures called archegonia
· develop on the underside of gametophytes
· If mature archegonia are nearby, the sperm swim toward them, drawn by a chemical attractant that diffuses from the neck of the archegonium, which is open when free water is present
· Antheridia need to swim down channel to reach egg cell

evolutionary trend in plant life cycles
2. life cycle is going to undergo modifications (before gametophyte large in life cycle> sperm swimming to egg)
3. gametophyte stage contained within sporophyte stage
4. flowering plant: archegonia is going to be housed and station in sporophyte. 
5. male product will be packaged into pollen and get that to the plant (Without swimming) 

Liverwort, Marchantia 
3. transition starts with primitive plant 
4. live in very moist env
Liverwort life cycle
4. no vascular tissue – a thallus, not a leaf
* (leaf-like) photosynthetic tissues
5. Archegonia: head shaped like umbrella, ends turned down and open for sperm entry
6. Antheridia (discs): head fans out, has opening with sperm in between, raindrops bounce on antheridia, pick up sperm, bounce up into underside of archegonia head = fertilization – diploid zygote formed and develops into sporophyte
* air barrier in the way to get sperm to eggs that are hanging above
7. sporophyte will grow and develop while still attached to the gametophyte
8. Haploid spores formed by meiosis in the sporophyte are released
9. Spores grow and develop into male and female gametophytes
10. Gemma cups: for asexual reproduction – reproductive backup
Thallus
5. flat, branching, ribbon-like plate of tissue closely pressed against damp soil 
6. found in liverworts (bryophytes – first land plants)
7. creates cells that produce sperm
8. part of life cycle for liverworts – the gametophyte
9. first plants didn’t have leaves – just cells that form layers with no differentiation into different cell types
Rhizoids
· anchor the plant to its substrate and do not take up any water or nutrients from the substrate
· roots on bryophytes
· no transport mechanism
* not roots because no vascular tissue 
Gemma and gemma cups
· small cell masses that form in cuplike growths on a thallus
· asexual reproduction
· Gemmae can grow into new thalli when rainwater splashes them out of the cups and onto an appropriately moist substrate.
· plant tissue that has been protected with wax > heavy rainfall they will fall and land away from the liverwort and germinate and reproduce asexually

Transition to land- water conservation 
· surface of liverwort: photosynthetic cells adjacent to pores in epidermis that can let gas in > exposed at all times
· photosynthesis day, respiration at night. 
· sunlight> NADH> glucose (broken down to glucose at night to make ATP) at night no reason for openings to be there > epidermal cells develop into guard cells and by changing pressure/water in cell = water out (open) ; water in (closed) > open and close stomata depending on whether you are photosynthetic or not
Stomata(singular: stoma)
· Pores found in the leaf and stem epidermis that is used for gas exchange.
· Stomata are present in the sporophyte generation of all land plant groups except liverworts
· Air containing carbon dioxide and oxygen enters the plant through these openings where it is used in photosynthesis and respiration,
· Stoma: complex of hole + 2 guard cells surrounding it responsible for opening and closing the hole
· Guard cells fill with water to inflate and close opening
· Part of plant transition to land: for water conservation

Mosses
· ex. of having stomata. can shut stomata and covered with waxy surfaces > when dry env > lock up and shut down
· crunchy and then go to vibrant green when there’s rain 
· tap into waterproofing to make unique life cycle
Moss Life Cycle
· Haploid stage: spores released into air, become protonema then male or female gametophyte
· Antheridia or archegonia have sperm and egg – fertilization
· Diploid: zygote becomes mature sporophyte with asexual gemmae 
· Gametophyte supports sporophyte
· Meiosis = haploid
· Still no vascular tissue, has stomata, dependent on absorbing water on its surface to reproduce
· Sporophyte grows on top of gametophyte
· male and female gametophyte attached by rhizoids and they both have disc like structures > rain fall = splashing 
· caps fly off sporophyte and release spores come to the ground and germinate and will set out rhizoids and differentiate into male/female gametophyte 

Evolution of plant vascular tissues 
· plant cells involved in holding the plants up
· interconnected to each other by perforations 
· for a plant that has intact plant cells > move water to have it in cytoplasm in one plant and allows movt through the plasmodesmata
· what happens next > formalize connections between plant cells. primary cell wall with cellulose> we are going to get new compound = lignin > going to support the plant cell> plant cell can die and become [image: ][image: ]hollow and can connect to the plant cell next to it and not wilt or collapse. 
· each plant cell is connected to the next by these openings, allowing materials to flow 
· the origin of vascular tissue, arises at the beginning of the devonian
· silurian: haven’t perfected everything because they can’t separate growing tip of the photosynthetic surface from absorptive surface of root (can only do this with connective tissue)
· lignin hold these cells open to create pipes that run from photosynthetic surface to absorptive surface 
Primary plant cell wall
· For water movement
· Still rely on diffusion, but some water movement
· Has cellulose – has polarity
· Part of evolution of plant vascular tissues
Lignin
· Found in plant secondary cell wall
· Binds to cellulose fibres to harden and strengthen cell walls of plants
· First vascular tissue – has simple water conducting cells
· Holds cells up even when they dehydrate
· For water conduction: hydrophobic, so water wont interact with the vessels
· Improved conduction from top to bottom: at top water gets evaporated so water needs to move up, at bottom water is absorbed by roots

Early devonian 
*gondwana coming closer to other continent to make pangea
Devonian period (416-359Ma)
· Part of the phanerozoic eon (550Ma-present)
· Part of the Paleozoic era (550-245Ma)
· Temperature cooled from plants turning carbon dioxide into air
· Organic matter was flushed into water and decreased the dissolved oxygen with lead to further climate change
· Around equator: primary productivity area
· Bigger land masses
· Land: plants take off, from tiny simple plants to trees because of vascular tissue, gain transport system and support system
· Oceans: not much changing
· Devonian extinction: marine, depletion of carbon dioxide make temperature go down = oceanic water level drops, becomes ice; soil and terrestrial organic matter gets flushed into water and organisms don’t recognize it – bacteria decompose this matter = take oxygen from ocean so marine animals go anaerobic or e[image: ]xtinct
* not one of the biggest mass extinctions: has no impact on plants
devonian terrestrial environment
phylogeny of plants > next going to use vascular tissues to start separating lower stems from growing stems

Evolution of plant vascular tissues 
* perfect vascular tissue in a structure called a tracheid 
Tracheids
· conducting cells in xylem (vascular tissue) – transport water in plant
· hollow inside for conduction
· part of evolution of plant vascular tissues
· lignin lines the whole vessel
· inner lignin wall (outer cellular wall)
· its chemical structure is water repellant, and cellulose is wettable 
· perfecting the pipes within the plant to ensure there is no resistance to flow of fluids moving in the stem
· 1st group = fern
· view primary cell wall and lignin keywords 
Secondary plant cell wall
· between primary cell wall and plasma membrane
· contains lignin
· produced after primary is complete and cell has stopped expanding

Ferns and their life cycle
when walking you see the sporophyte stage of the fern 
look at underside of leaf = spore production bodies (sporangia) > shoot spores into air
land on ground and develop into small structure = gametophytes
on gametophyte antheridia and archegonia > rely on water to move sperm to the egg
egg will germinate and grow out from underneath and get the fern frawn 
still have water issues but have vascular issues solved
ways to make sporophytes that can move to new locations > sporophytes that fire spores into the air  
gametophyte becomes minimized into its role 

Fungal mutualism
· all of the plants moving up on land > close association with fungi
· fungi are the only organisms that can mineralize rocks > essential minerals needed by plants (water from soil) but minerals from fungi
· relationship starts now. as relationship develops> plant gives fungi sugars. 
· end of devonian: beginnings of soil systems that are complex and deep enough to support much larger and more effective plants 
· organic debris makes ocean anoxic > decreases marine life
· carboniferous: plants!

extra keywords
External fertilization
· Process of fertilization out side the body
· Plants, bony fish and many marine invertebrates
· Seeds in plants overcome that sperm needs to be motile
Gastropod
· class of mollusks with one-piece coiled shell and flattened muscular foot with a head bearing stalked eyes
· univalves
· snails and slugs
Mesozoic
· 230-63 million years ago
· Earth was dominated by reptiles
· Phanerozoic
· Age of dinosaurs
· Continents shifting gradually – drifting provided speciation and other evolutionary developments
· Climate: exceptionally warm














Carboniferous and Permian 

Carboniferous period (359-299 Ma)
· During paleozoic era (In Phanerozoic eon)
· glaciation, low sea level, mountain building
· a lot of coal beds laid down
· aquatic: no major body forms lost
· unusual trees in forests, gymnosperms dominate
· more oxygen in atmosphere, about 30%
· continental plates making big transitions: starting to mass together in one location
· end of permian all together: 2nd time that this has happened (before edicaran)
· important: as they come back together > animals and plants uniformly distributed
· as it pulls apart at end of permian = speciation again
Carboniferous aquatic environments 
2. most organisms in oceans are still there in terms of the phyla
3. ex. radulas, shells, cartilagenous skeletons
4. characteristics there> morphologically they don’t look the same as they do now
Carboniferous terrestrial environments 
* no changes on land?
Carboniferous coal forests 
· club mosses
· giant horse tails
· tree ferns 
· unusual things that we don’t see today
· massive (now tiny)
· no major seed plants > doing this all with spores to create massive forests
· successful > no recycling of these plant materials > fell over and fossilized due to large amount of CO2 in plant (no one to feed on them, no one to recycle them)
· that carbon locked into fossilized materials and not being regenerated> now being burned as coal 
· also in photosynthesis O2 is a waste so its being pumped out > oxygen content 30% (now 22%) 
Coal forests
· wetland forests over most tropical areas in Late Carboniferous and Permian
· club mosses, giant horsetails, tree ferns
· accumulated tons of peat – became coal
· all the coal we use today is from carboniferous coal forests
· lignin: there were no insects or fungi to decompose it so it fossilized
Evolutionary trend in plant life cycles 
· going to improve plants
· addition of new type of reproduction: gametophyte being internalized in sporophyte  (originally both equal)
· > vascular tissue and addition of seed
Evolution of plant vascular tissues 
tracheids internal lignin structure where they were attached end to end and fluid could move through. there were openings in secondary cell wall but still had cellulose
going to create another type of vessel > completely open (no barrier between movt of liquids) > have a tube that runs from root up to top (stems, leaves) > conduit from bottom to top of the plant
Tracheids
· elongated cells in xylem of vascular plants
· serve to transport water and mineral salts
· thick walled, lignified 
· water seeps from tracheid to tracheid
Vessel elements
· one of the cell types in xylem, along with tracheids
· in angiosperms, absent in gymnosperms
· elongated, but short and wide, and they expand
· enhance water flow
Primary cell wall
· cell wall outside plasma membrane that surround plant cells
· composed of polysaccharide cellulose
· flexible extracellular matrix that is deposited while cell expands
Secondary cell wall
· structure found in many plant cells, between primary and plasma membrane
· produced after primary is complete and cell stopped growing
Lignin 
· hydrophobic
· indigestible
· bacterial and fungal lignases
· toxic 
Lignin
· complex polymer in wood, very hard to break down
· binds to cellulose fibres to harden and strengthen cell walls of plants
· hydrophobic, ensured water remained sterile
· indigestible, toxic to bacteria, non-carbohydrate
· huge innovation in plants
· caused fossilization into coal during carboniferous period because there were no insects or fungi to decompose it yet
· support allowed plants to get taller – reach sunlight before small plants
part of the: secondary cell wall
aromatic rings are hydrophobic (repel water) > important: whole secondary cell wall tube is repelling water (originally wettable). now no resistance by water or fluids running through tube = perfect lining for transporting 
gives plant strength (resist gravity) because every fibre in plant is rigid supporting structure > series of rods from top to bottom that are like reinforcing bars (100s to 1000s of them in plant) ex. woody plant: grows at perimeter > produces whole new set of vessels but lignin still in old unused vessels as a support structure. elongated pyramid (smaller diameter at the top). so instead of discarding water system > build new one and old one becomes skeletal structure
nothing can digest the lignin = fossils 
highly durable, water resistant, slightly toxic (fluid kept sterile> killing bacteria)
Lignase
· term that encompasses different types of oxidative, extracellular fungal enzymes that catalyze breakdown of lignin
· bacterial and fungal lignases weren’t always present
Spores vs seeds 
· Homosporous
· producing only one type of spore from which develops a gametophyte producing both male and female gametes (gametophyte is bisexual)
· all spores are same size and type
· sporangia> spores> bisexual gametophyte > sperm or eggs 
* don’t know sex until meiotic event (differentiation of gametangia) 
· Heterosporous
· producing both male and female gametophytes – spores of both sexes
· gymnosperms, angiosperms
- microsporangia> microspores > male gametophyte > sperm
· megasporangia> megaspores > female gametophyte > eggs 
· instead of producing massive amount of spores etc. going to see the development of seeds 
· one of the spores is going to become large (megasporangia): nutrients and materials and will stay in place. inside there we will get gamete to form
· smaller one (microsporangia): mobile (waterproof package) to find female 
Spores
· small, usually single-celled asexual reproductive body produced by plants and fungi and some bacteria
· capable of developing into new individual without sexual fusion
· a sexual spore is formed after the fusion of gametes
· adapted for dispersal and surviving long periods of time in unfavourable conditions
· non-vascular and seedless plants are homosporous: sporangium become spores become bisexual gametophyte – sperm or egg
Sporophyte
· spore-producing individual or phase in life cycle of a plant with alternation of generations
· diploid stage of plants, result of mitotic division
Gametophyte
· gamete-bearing individual or phase in life cycle of plant having alternation of generations
Megasporangium
· plant structure that produces megaspores
· female structure of the plants, associated with flower carpel and megasporangial cone
Megaspore
· larger of two types of spore produced by heterosporous plants
· develops in ovule into a female gametophyte
Microsporangium
· plant structure that produces microspores – case/capsule
· smaller sporangia in heterosporous plant
· on anthers (stamens of flowers), and pollen-producing structures on microsporophylls of male conifer cones or cycad cones
Microspore
· smaller of the two types of spore produced in heterosporous plants
· develops in pollen sac into male gametophyte
Seeds
Seed
· small embryonic plant (sporophyte) enclosed in covering (seed coat – resistant) usually with stored food
· product of ripened ovule of gymnosperm and angiosperm plants (seed is zygote)
· occurs after fertilization and some growth within mother plant
· female embryonic protective device
· seed plants: egg and sperm meet internally
· seed plants are heterosporous – micro/megasporangia become micro/megaspores become male or female gametophyte become sperm or egg
· can wait before starting to grow
· 3 parts: embryo sporophyte, surrounding nutritious tissue, tough protective seed coat
13. inside it the germ/embryo = baby embryonic sporophyte
14. in protective case
15. nutrients and materials from mother plant = when it germinates it has food reserve
16. develops in female part of the plant going to grow inside the case and arrest the development as a seed then released
Gymnosperm life cycle (conifers) *pine
Gymnosperm
· seed-bearing plants
· seeds are not enclosed in ovary/plant tissue – it is on surface of sporophyll
· includes conifers, cycads
· cones at the top> female: make egg in an ovule > megaspo[image: ]re undergoes meiosis to produce 4 products: 3 will disintegrate and one will remain its going to become the egg inside the archegonia
· early in spring = smaller ones at the bottom (temporary) > let off yellow dust (pollen) 
· after rain fall > puddles with yellow (conifer pollen) 
· male cone protected by scales developing sporangium > make male spores (equivalent to antheridium but not huge amount of division) > each spore will undergo meiosis creating 4 cells > in there 1 cell generative (pollen) going to combine  with nucleus of egg > other cells for casing to surround pollen (ex. little wings) > also a tube cell when the pollen grain lands on female part of pine cone it will make a passageway to the archegonian eggs inside
Pollen
· fine spores that contain male gametes and are borne by an anther in a flowering plant
· granular substance
· protective casing for sperm while it travels in wind for gymnosperms
Gymnosperm ovule 
· megaspore = 1 mitotic split = 2 products 
· hiding and sitting inside tissue of sporophyte parent and only 1 opening 
· base is where ovule is
· releases water and lands on it and evaporates which will draw it to the base and will land on top of opening of the megaspore (micropyle)
· tube cell will create a tube and mine the tube so the generative cell can move to the egg (pollen ends up on surface of megaspore and pine cone closes up and pathway to egg)
· embryo starts to develop but still surrounded by content of megaspore
· nutrient rich structure, nucleus inside it
· solved part of issue of water conservation. sperm to egg in waterproof environment and also encased to protect embryo
· cones open up and shed seeds after 2 yrs
· still making huge amounts of pollen (later: flowering plants> pollen carried to plant by another animal so they can conserve pollen)
Ovules
· small structures within ovary that develop into seeds if fertilized by male pollen
· female reproductive cell of flowering plants and cone-bearing plants, encloses embryo
· increased protection of egg, began in gymnosperms
Fungi
· carboniferous> association between plants and fungi > nutrient uptake
· fungi: breakdown lignin (mycelia and hyphae) > get between cellulose walls digest cellulose mobilize nutrients (joined by bacteria to breakdown lignin) 
· also very different from plants 
· using unique type of feeding (absorption) > use acid that they secrete in the env > breakdown cellulose walls (mineralize rocks)
· chitin > resistant to acid digestion 
Unique fungal terms
- septa, hypha, mycelia 
Hyphae
· long, branching filamentous cell of a fungus
· main mode of vegetative growth – absorb nutrients at tips, apical growth at tips
· collectively called a mycelium
· not found in yeasts because they are unicellular fungi
· unique architecture> each cell: end to end with adj cell > septa of chitin between but septa perforated no barrier from cytoplasm to the next (transport mechanism based on flowing cytoplasm that can move between hyphae) > larger structure = mycelia
· disperses this all over the environment
More fungal terms 
1. Plasmogamy
· stage of sexual reproduction in fungi
· when cytoplasms of two parent mycelia fuse without fusion of nuclei
· secondary mycelium forms
· going from asexual to sexual reproduction
Dikaryotic
· mycelium or spores with two sexually compatible nuclei per cell
· common in basidiomycota and Ascomycota
* n+n ; not diploid until they are fused 
· Karyogamy
· fusion of nuclei of two cells that occurs at fertilization during sexual reproduction of fungi
· process by which two haploid nuclei come together and fuse to form diploid nucleus
· allows for successful genetic recombination
· 2 fungi meet but don’t fuse = n+n not 2n, keeps growing but eventually (at karyogamy) nuclei fuse = zygote
· Meiosis: haploid cells 
· normally: haploid (haplontic) > nucleus (n) and (n) combine > normally become zygote (2n)> fungi don’t do this 
Typical fungal life cycle 
· fuse nuclei to get a zygote that will go through meiosis to make spores
· take advantage of meiotic recombination for genetic variability happens variably)
· fungus spends time growing of network of fibres/filaments because when it makes spores it will put them into reproductive structure [image: ](mushroom) > inside there are cells that have gone through karygomy and can now make spores > get it up and out of the ground > filaments (mycelia cells) pump water > inflates the preformed fungal head (mushroom) that are growing in the ground 
Two major fungal types
· Basidiomycota
· fungi bearing spores on basidium
· includes puffballs, smuts, rusts, mushrooms we eat
· second largest phylum under kingdom Fungi
· have lignin
· enzymes to digest cellulose and lignin
Basidium
· small club-shaped structure with 4 basidiospores at end of minute projections – they bud off
· unique to basidiomycetes
· sexual spore-forming structure, club-shaped
· base of basidiomycota, attached to hyphae
· Ascomycota
· largest phylum under kingdom Fungi
· produce ascus – spores 
· also called ascomycetes or sac fungi
· fungal mutualism – roots of a plant intertwined with fungi filaments, can enhance growth of plant and fungi
· saprophytes – important in breakdown of cellulose
Ascus
· sexual spore-bearing sac-like cell produced by ascomycete fungi
· each ascus has 8 ascospores produced by meiosis and then mitosis
· asci fuse together
· rod shaped
Ascocarp
· the mature fruiting body (sporocarp) of ascomyte fungus
· consists of tightly interwoven hyphae and millions of asci (ascus), each with about 8 ascospores
· “cup fungi”
Basidiomycota life cycle 
· underside of gills of mushroom > spores that have fallen back out (small and light enough to be carried to new locations and hit the ground = divisions = fibre network > when conditions are right go through karyogamy)
· managed to tap into lignified materials no one else has been able to > breaks down lignin> carbon recycling
Fungal mutualism 
· fungi play imp[image: ]ortant role to provide plant nutrients (mutalism)
· fungi can with acid digesting ability produce essential minerals of life for plants (iron, calcium, magnesium for ex.)
· association = old 
· getting large amounts of soils
Types of fungal mutualism 
1. Ectomycorrhizal fungi (EMF)
· fungi that form symbiotic relationship with plant
· root needs minerals and water
· fungi can mineralize elements in soil (calcium, magnesium salts)
· plants provide carbon for fungi, fungi give minerals
· EMF forms sheath around root tip of plant
· inward growth of hyphae penetrates plant root structure
· extracellular
· invade spaces between cells > pass minerals to plant cells and plant cells gives sugars to fungi
10. Arbuscular mycorrhizal fungi
· type of mycorrhizal where fungus penetrates cortical cells of roots of a vascular plant
· plant gets invaded by fungi
· arbuscule: exchange surface between plant and fungi
· lump of fungal tissue in plant cell > fungus invades plant cells and supplies it with minerals and the plant gives it organic carbon
Fungi - Lichens 
Lichen
· composite organism that consist of symbiotic relationship between fungus (mycobiont) and photosynthetic partner (photobiont - usually green alga or cyanobacterium)
· fungi gives plant inside lichen nutrients, plant gives organic matter
· secretes acid to break down rock into soil – place for plant growth
· reproduce asexually
· unique about this group: symbiosis between plant and fungus
· uses hyphae and mycelia to weave protective case and has algal cells (able to carry out photosynthesis)
· lichen sitting on rocks dissolving rocks to provide to algae and algae provide to fungi
· becomes dormant when dry
· trench in rock

* 2 major groups  > arthropods  and group that will come up on land (chordata)
Arthropod
· invertebrate with jointed limbs and segmented body with an exoskeleton made of chitin
· ex. insect, spider, crab
· ¾ of today’s living animals
· Must undergo ecdysis of shell
Insect external anatomy (tamatization)
· take segmented body plan and pool them into tagma/body regions
· has 3 tagma: head (sensory input, food acquisition/feeding), thorax (locomotion- has legs on it, 3 pairs of legs, 2 pairs of wings on middle and last segment of tagma, muscles), abdomen (bodily functions - ex. reproduction)
· fuse segments together that do similar tasks 
Segmentation
· body plan is divided into a series of semi-repetitive segments
· ex. earthworm
· each segment is an independent hydrostatic skeleton – can change diameter of each segment individually
· body wall of segment has epithelium and 2 kinds of muscle
Head
· part of body plan in front of thorax and abdomen of insect
· includes antennae, compound eye, mouthparts
Abdomen
· region of body of vertebrae between thorax and pelvis
Insect movement- Flight and wing folding mechanism
· major change is flight- 1st organisms to fly (crawling on land but then acquire flight)
· now they can disperse > travel long distances which allows new habitats, better protection 
· only group that will be able to catch them: spiders (silk thread) 
· high oxygen levels good for insects 
· need to waterproof the surface
Cuticle-exoskeleton 
Exoskeleton
· external skeleton that supports and protects animal’s body
· usually in invertebrates
· includes bony or horny parts like nails, scales, hoofs
· ex. insects and arthropods
· needs to moult and grow new exoskeleton (ecdysis)
Cuticle
· variety of tough but flexible non-mineral outer coverings of organism, or parts of organism, that provide protection
· non-homologous, differ in origin, structure and composition
· on insects to provide water-proofing and resist gravity
· composed of epicuticle, procuticle, epidermis, basement membrane
Procuticle
· major portion of exoskeleton of insect and other arthropods
· exact composition differs between taxa
· bulk of cuticle
· chitin fibres in protein matrix give strength and support to skeleton
· chitin fibers embedded in protein (not waterproof)
· strength 
Epicuticle
· outermost portion of the exoskeleton of insect and other arthropods
· composition and structure differs between taxa
· provides waterproofing
· waxes/lipid
· series of waxes and cement and secrete to the surface (can buy this: silak as a wood finish)
· problem: what about gas exchange surface?
Insect tracheal system 
Tracheal system
· respiratory system of insects that consists of internal air-filled tubes
· trachea, spiracles, tracheoles, tracheolar cell, muscle
· don’t bring oxygen in blood – bring it straight to tissues
· don’t get lactate buildup – can fly for a long time
· respiratory system limits size
· carboniferous: more oxygen = bigger insects
Trachea
· membranous tube with cartilaginous rings that conveys inhaled air from larynx to bronchi
· part of insect tracheal system
Spiracle
· small opening on animal surface between eye and first gill slit
· represents modified gill slit between jaws and tongue arch
· used to breathe air in insect abdomen
· set of spiracles that go through body and become smaller and smaller until they become tracheoles
· tubes to tracheal tissue
· mitochondria in spiracle and beside it tube of tracheole
· system works because waterproofing on trachea and at very end is where gas will move across 
· why does it work? insect opens spiracle (21% O2) > and gases diffuses quickly > close this and where there’s metabolism occurring o2 being used up = concentration gradient (21% outer and getting lower inside)
· as soon as it gets low spiracle opens
· diffusive distance results in their size (small) but since O2 level in carboniferous (30%) > can be bigger 
· what about issues of mating?
Insect reproduction 
· mechanical isolation > male and female parts go together
· waterproof skeleton allows them to shape together
· package sperm in spermatophore and pass to female
· then insert spermatophore
· over time lock and key
· physically can’t for other species (speciation)
· female stores in seminal receptacle> produces egg with waterproof shell > have to get sperm inside 
· 1 opening to the egg
· as egg goes in front of seminal receptacle > female releases sperm and finds egg and penetrates > fertilized and door shuts > embryo protected in waterproof shell
Spermatophore
· capsule created by males containing spermatozoa and transferred entirely to female’s ovipore during copulation
· jelly-like substance produced by male amphibians in reproduction, deposited on ground or in water by male amphibians and picked up by females
· “sperm packet” exchanged in mating – given to female, stored in seminal receptacle
· Early insects: dropped it on ground, lured female in
· After copulation: stored in female, then enters egg through pore
Seminal receptacle
· stores received sperm in female
Seminal vesicle
· either of a pair of glands located on either side of male urinary bladder that open into vas deferens and secrete some components of semen during ejaculation
· stores sperm in male before being released for female
Insect metamorphosis 
Metamorphosis
· marked and rapid transformation of a larva into an adult in some animals
· conspicuous and abrupt change in animal’s body structure through cell growth and differentiation
* 3 different life cycles in insects 
1. Ametabolous metamorphosis
· growth stage of certain insects characterized by an increase in size without distinct external changes
· ex. silverfish
· keeps moulting all the way through life, no wings 
· 2, 3 = winged 
2. Incomplete metamorphosis
· mode of development of certain insects that includes three distinct stages: egg, nymph, adult/imago
· go through gradual change, no pupal change
· young appear similar to adult
· ex. grasshopper or cricket 
· cockroaches > immature stage resembles adults except don’t have wings
· eat same thing. as they grow, can’t immediately have reproductive structures. switch on when you become an adult. produce adult tissues
Complete metamorphosis
· type of insect development
· includes 4 stages: embryo, larva, pupa, imago/adult
· larval stage looks completely different from adult stage
· larva has different food source than adult = they don’t compete
· ex. caterpillar eat plants (builds flight tissue), butterfly eats nectar
· pupa, cocoon > secret to their success > immature feeds on something different than the adult. 
· rearrangement of animal in resting pupil stage. provides nutrients necessary to rebuild completely different organization (makes adult tissues in resting stage)
Larva
· immature free-living form of more invertebrates, amphibians and fish which at hatching from the egg is fundamentally unlike its parent and must metamorphose
· wingless, resemble caterpillar or grub
· eats different nutrients than adult – not competition, eats nutrients to build adult structures (ex. wings)
Pupa
· insect in inactive stage of development, not feeding
· intermediate between larva and adult
· undergoing transformation
· only found in insects that have complete metamorphosis
Deuterostome phylogeny 
· coming up to the deuterostome lineage
· now: move up on land> set of pectoral pelvic fins structures for movt and locomotion = amphibians
· 1st terrestrial were insects and spiders 
Amphibians and food 
Amphibia
· cold-blooded vertebrates that live on land and breed in water
· metamorphosis
· shed scales to respire through skin, don’t have waterproof skin
· first group on land – see insects as flying protein
· may have gone on land because of dry pools
· now appendages are all connected – force is transferred to central skeletal strut
· skeletal system not perfected: lower appendages stick out sideways so stomach is on ground at rest – needs to “push up” before moving
· life cycle problem: need to go back in water
· develop a way of feeding that is unique > use tongue in unique way to capture insects
· sticky tongue, hinged at the front
· huge diversity of flying insects on the planet (herbivores which turn low nutrition plant food into protein = good food source). 
· amphibians > taping into a new food reserve. ensures their success
· but what about waterproofing, skeletal system, sperm transfer to embryos?
Amphibian locomotion
Pectoral girdle
· set of bones that connect upper limbs to axial skeleton on each side
· consists of clavicle and scapula in humans
Pelvic girdle
6. bony arch where lower limbs are attached to rest of skeleton
7. supports lower (hind) limbs
5. skeletons that have appendages, anchored into vertebral column. 
6. inherit positioning of limbs from fish relatives > sticking out on the side. stomach lying on ground (at rest) start to move (push up 1st) > work done just to be able to start moving. 
7. supporting centre from sides (not ideal). 
8. reptiles>skeleton underneath the body mass (better).
Amphibian skin 
11. they are going to respire across body wall. 
12. period with moist damp env > still breath across body wall. no real pressure on them to waterproof body wall. 
13. instead> gland system > secrete moisture on body wall for gas exchange. keep skin moist at all times because this is where they are breathing. 
14. small lungs > gulping air in and getting into the lungs.
15. animal with naked skin (no scales like fish) > easy to credation from other organisms > take ability to secrete > poison. 
16. some are most poison toxins in the world. ex. coloured tree frogs > really intense toxins in skin (protective colouration to warn individuals not to feed on them). 
17. restricted to moist env.
Poison glands
8. secrete toxins from skin that are mildly poisonous
9. mechanical protection (scales) disappeared when on land, replaced with chemical protection
Mucous glands
10. give amphibians slimy feel
11. moistens skin, optimizing oxygen absorption
12. thin layer of protection
Amphibian life cycle
* not advanced embryo protection either. 
10. has to return to body water to lay an egg > blastula> grastula > swimming organism (tadpole)> adult. swimming to terrestrial. (2 morphisms). 
11. why do we have amphibians?  neither a fish, or successful terrestrial animal. moist humid env (large areas of tropical forest, moist soils)> able to cope during this time. no one else there to prey on them.
Aminote phylogeny 
Amniotes
13. tetrapod vertebrates with terrestrially adapted (waterproof) egg
14. can leave egg on land = emergence of land reptiles
15. includes mammals, reptiles, birds (amphibians still need to go back to water)
16. amniote egg has holes in amniote (fluid filled sac that surrounds egg) for oxygen
17. starts as 100% nutrients, ends up as 100% organism
18. key features of amniotes: waterproof skin, eggs can survive on land because of four membranes, produce urea or uric acid waste
· whole group of organisms make appearance during permian.
· solve issue of embryo (egg and sperm). get name > produce amniote egg
· reptilian and mammal lineage 
Reptilia
19. class of cold-blooded, air-breathing vertebrates with completely ossified skeleton
20. body usually covered with scales or horny plates
21. once the dominant land animals
22. fix imperfection in amphibian skeletal system
Amniote egg
· oceans: predators, herbivores, carnivores, evolving for a long time, larval stages, embryonic stages, etc.
· if you can manage to get eggs up on land and provision them adequately = no predators 
· but to leave eggs: criteria = developing zygote and embryo in liquid env
· create by amnion membrane and fluid in it
· fertilize egg > cell divisions > in bag of water that mimics ocean
· closed env > needs food > yolk membranes surrounds yolk (food)
· albumen > nature of protein in it > get digested = generates lots of metabolic water (food and water)
· embryo metabolizing in there is making toxic waste (nitrogenous waste) > have to deal with this. 2nd membrane = allantois > partition and put toxic wastes. don’t want to contaminate yolk, albumen, amniotic fluid. 
· another membrane: chorion = make protective egg shell. with shell = gas exchange surface. other surface = gas exchange
Amnion
23. innermost sac around embryo to surround and protect it
24. in higher vertebrates
Yolk sac
25. membranous structure that functions as circulatory system in mammalian embryos until heart become functional
26. circulated nutrients to developing embryo in egg
27. present in man: a vestigial structure
Albumen
28. egg white portion of amniote egg
29. produces metabolic water: provides nutrients and water to developing embryo
30. Permian innovation
Allantois
31. the vascular foetal membrane below chorion
32. develops from hindgut in many embryonic higher vertebrates (reptiles, birds, mammals)
33. third bag in amniote egg
34. collects embryo waste, functions in gas exchange
Chorion
35. outermost membranous sac enclosing embryo in higher vertebrates
36. formed by extraembryonic mesoderm and two layers of trophoblast
37. protective and nutritive
38. insect egg shell
39. has microphyle: one opening in egg for sperm to swim in (gets in while egg is still in female)
Mass extinctions *in permian going to have largest mass extinction 
Permian period (299-245 Ma)
40. During Paleozoic era (In Phanerozoic eon)
41. greatest mass extinction in earth history
42. nearly 96% of species died out
43. land masses are coming together
44. animals come on land: annelida (trochophores) and arthropoda (ecdysis – shed outer layer)
45. extinction: major glaciation on Gondwana (near South Pole) lowered sea levels, killing reefs
Types of extinction
1. Background extinction
46. normal extinction rate
47. continuous, low-level extinction of species
48. standard rate of extinction in earth’s geological and biological history before humans became primary contributors to extinctions
49. compared to mass extinction
· overtime species disappear > gradual loss of species all the time due to this. these make sense > think about salamander speciation > losing species as others change and adapt to environments.
· Mass extinction
50. a sharp decrease in total number of species in a short period of time
51. Permian: all marine
52. catastrophic, widespread perpetuation where species get extinct
53. causes: asteroid impacts (losing favour, dinosaurs is only one), elevated carbon dioxide (flood basalts, volcanoes release methane and carbon dioxide and change water levels, gas hydrates; can cause cooling), marine anoxia, sea level changes
54. surviving Permian mass extinction: plants – resistant seeds and spores, insects, small size and global distribution, generalist life style (ex. not dinosaurs)
· loss of 50% or more of major taxa that are there. (5 big ones)
Causes of mass extinction
· Asteroid impacts
· cretaceous > age of dinosaurs ends. no correlation to other mass extinctions> no asteroid impact craters other than the one in yukatan. these are rare
· elevated altered carbon dioxide 
· greenhouse gas effect. 
· getting rid of carbon dioxide= cooling = cause freezing > takes water into ice caps = sea level changes (continental shelves exposed/removed)
· flood basalts
· result of giant volcanic eruption that coats stretches of land or ocean floor with basalt lava
· have occurred on continental scales in prehistory, creating mountain ranges
· evidence that Earth undergoes periods of enhanced activity (not just a uniform steady state)
· huge tears on Earth surface – magma flows out
· likely a huge cause of extinctions
· happened whenever continents moved
· visible on continents that would have been together originally. 
· end of permian africa moving away from south america = tear flood basalts = massive greenhouse gas release 
· iceland = small event > disrupted global environment = issues in agriculture (beginning of medieval ages)
· major event that occurs during mass extinctions (way more than volcanoes)
· volcanoes
· over time have opportunities to study large volcanic eruptions > they don’t spew out enough green house gases to bring lost of changes to cause mass extinctions. blow up and send debris and material, little evidence of debris in geological evidence.
· gas hydrates 
· crystalline water-based solids that look like ice, in white small non-polar molecules (gases usually) are trapped inside
· at the bottom of ocean
· if they move up: ice slowly melts because temperature close to surface is hotter, exposes gases
· gases get to atmosphere and change atmospheric content (ex. elevated carbon dioxide)
· results in extinction
· 20-30 yrs. deep sea explorations. energy companies interested in. methanogen gases produced by extremophiles have been trapped. pressure in water column = solid form.
· marine anoxia
· depleted oxygen levels in waters
· possible cause of marine mass extinctions
· sea level changes 
falling ocean levels decrease pressure on top of these frozen methane = bubbles out in gaseous forms. 
· permian such a massive mass extinction> pangea pulls apart > release huge amounts basalts. release of gas hydrates by sea level changes. consequence: tremendously devastating. but they are survivors. 
Pangea
· plate tectonics
· hypothetical continent including all the landmass of earth prior to the Triassic period when it split to Laurasia and Gondwanaland
· existed about 200 million years ago in Paleozoic and Mesozoic eras
Surviving mass extinctions 
· plants
· survive mass extinctions. because they have generalized reproduction - can self-fertilization. primitive plants: spores>small>distribute easy > regenerative pieces of plant disperse all over the planet.
· insects 
·  hardly affected. very small > highly globalized distributions. s
· ex. cockroaches (survive radiation of atomic bombs).
· small size and global distribution
· generalist life cycle 
a. not too specialized (better change of surviving). dinosaurs > extinction of large, special animals
b. with each mass extinction > creative force still at the bottom, still there > diversify back the big animals
2. every possible way a mass extinction could occur happened during the permian (except asteroid)

extra keywords 
Archegonium
· multicellular structure or organ of gametophyte phase of certain plants
· produces and contains ovum or female gamete
Circular muscle
· outer layer of muscles of earthworm
· when contracted: diameter of body is reduced, makes worm thin
· contractions of earthworm muscles resembles peristalsis of oesophagus
· earthworm has setae – bristles to stick
· moving: push soil with mouth open – eat dirt, extract nutrients
Clitellum
· thickened glandular section of body wall of earthworms and some other annelids
· secretes a viscid sac in which the eggs are deposited
· slides along the body, over the head, closes completely around eggs
· when slid off: dries, waterproofed, eggs hatch
Hermaphrodite
· one having both male and female sexual characteristics and organs
· possesses both sperm and ovaries
Heterokaryotic
· two or more genetically different nuclei share one common cytoplasm
· occurs naturally, ex. in mycelium of fungi in sexual reproduction
· opposite of homokaryotic
Hydrostatic skeleton
· structure found in many cold-blooded organisms and soft-bodied animals
· consists of fluid-filled cavity, coelom, surrounded by muscles
Internal fertilization
· done through copulation in mammals
· insertion of penis into vagina
· some other higher vertebrates reproduce internally, but fertilization is cloacal
Longitudinal muscle
· muscles running the length of the organism
· contraction shortens the organisms
Lophophore
· characteristic feeding organ possessed by 3 major groups: Brachipoda, Bryozoa, Phoronida
· found in aquatic organisms
· feeding organ with tentacle-like structure that carry food into mouth
· also for gas exchange
Lophotrochozoa
· a major grouping of protostome animals
· ex. molluscs, annelids
Oviparous
· animals that lay eggs with little or no other embryonic development within the mother
· reproductive method for most fish, amphibians, reptiles, birds, monotremes, insects, arachnids
Pollen tube
· slender tubular outgrowth from a pollen grain when deposited on the stigma for a flower
· penetrates the style and conveys male gametes to ovule – a conduit to transport sperm cells from pollen grain to ovule tissue for fertilization
· grows to the egg

Trochophore larva
· free-swimming marine larva characteristic of most molluscs, some marine worms
· synapomorphy of trochozoa
· band of cilia for locomotion: one pre-oral and sometimes one behind mouth
· need to metamorphose to adulthood















































Mesozoic: Triassic, Jurassic, Cretaceous lecture notes
Mesozoic (245-65 Ma)
· During Phanerozoic eon
· Age of Dinosaurs because most dinosaurs developed, and went extinct, during that time
· The continents gradually shifted from a state of connectedness into their present configuration; the drifting provided for speciation and other important evolutionary developments
· The climate was exceptionally warm throughout the period, also playing an important role in the evolution and diversification of new animal species
· Reptiles: only body plan on land
· Triassic, Jurassic, Cretaceous
· Early Triassic: major plate movements, to become like today
Jurassic
· Believed that flowering plants arose at this time
· Birds appeared at this time as carnivorous, bipedal dinosuars
· Two lineages of dinosaurs, “lizard-hipped” saurischians and “bird-hipped” ornithischians, proliferated in the Triassic and Jurassic
Cretaceous
5. last period of Mesozoic
6. Extinction
7. Not as severe as we once thought
8. Did not create years of winter
9. Downgraded as the cause of the mass extinction
10. Dinosaurs were over grazing and too successful and dispersed and were destroying primary productivity (angiosperms) on a very large scale
11. Food webs became fragile
12. Dinosaurs disappeared – too specialized
13. The asteroid impact was the last straw that knocked the terrestrial animals out
14. Small warm blooded animals were not affected, plants and insects too
End Triassic extinction
· mass extinction, some marine and half of land species wiped out
· allowed dinosaurs to assume dominant roles in Jurassic
· occurred just before Pangaea started breaking apart
· possible explanations: gradual climate change or sea level-fluctuations, asteroid impact, massive volcanic eruptions specifically flood basalts released carbon dioxide causing global warming
· end of permian > amniote egg on land 
· early triassic: shifting of continental land massing starting to occur. little extinction= seal the faith of the terrestrial vertebrate form 
· triassic to jurassic > shifting of all the continental land masses
· towards structure of the planet that we would see today
· among amniotes > group of animals ancestors to vertebrates 
· going to get 3 major architectures of the skulls > diapsids (dominate on land)
· synapsids > our lineage 
Plesiosaurs
Plesiosaurs
· Bony reptiles
· Ogo Pogo and Loch ness monster
· Bony fish migrated back into the ocean; carnivores and large predators
· Eat fish
· Paddle like limbs
· Similar to Turtle
diapsids move into the oceans> large. 
feeding on life in oceans (permian wiped out most fishes). but they were still living in fresh water > ocean became open and recolonized in this = bony fish took off (cartilaginous fish come back too > sharks come from here). 
Mollusc- Cephalopods 
Mollusc
· Cephalopods
· Agile
· Lose of shell
· Octopods and squids
· Can pump massive amounts of water , therefore speed and agility
· Arciticus = largest squid in the world
Cephalopods
active marine predators and include the fastest and most intelligent invertebrates
body has a fused head and foot
The ancestral “foot” forms a set of arms, which are equipped with suction pads, adhesive structures, or hooks
highly modified shell.
Some species use their radula to drill through shells of other molluscs
Lost shell: there were so many big organisms in mesozoic- mollusk shed shell to be more motile 
Not a lot going on in marine mesozoic 
· another change > lose their shell to become more agile/mobile with jet propelled water system (squids and octopods that we know today) in response to the more agile swimmers in the oceans
Amniote phylogeny
Amniote animals
· the only lineages that still exist today are turtles, snakes, croc, mammals and birds
· Most people think dinosaurs came up on land and were successful but they actually survived two mass extinctions so the ones we know as dinosaurs were the left over’s
· Unique skull
· Anterior swelling of nervous system, the muscles in the jaw turn it in to a powerful feeding structure
· The earliest were inserted on the inner surface of the skull to change shape of them and change volume of cranium capacity
· Muscles got bigger and bigger and they would take up too much space in the skull
· So there is an opening in the skull and muscles come out to outside surface
· Jaw muscles either come from two opening-monapsis or one opening-synapsis
· Anapsids
· insects fine. but also get 1st vertebrates up on land> feed with jaw (early thing: cartilaginous fish, bony fish, amphibians etc > jaw to hold on prey, scales that enlarges into teeth for cartilaginous)
· jaw in terrestrial = main feeding structure
· muscles on jaw very large to accommodate crushing/tearing 
· jaw muscles insert into inner surface of the skull > insertion of the muscles = when contract/expand they change their shape > as you push on muscle change shape of the cranium and the brain inside (this isn’t good> squeezing brain)
· soln: put holes in the skull and muscle moved to outside of the skull (not changing cranial capacity)
Major reptile groups 
anapsid
17. Body of turtle is solid bone – shell = fused ribs
18. Vertebrae, amniote, ribs
19. Fusion of bone as protective strategy
20. Ocular, nasal opening
21. no opening in the skull
22. Hole has been filled in 
23. Generally show two lineages
24. Birds, turtles
25. Advanced/derived form of diapsids
26. No massive jaws with teeth
27. Minimize jaw to small beak like structure, don’t use jaw much
Diapsids
· Extinct and extant, amniote
· See the three muscles of the hip as well as animals that don’t need to do a push up to stand up
· Reptiles (snakes, crocodiles, lizards) and dinosaurs, pterosaurs, birds
· 2 spots for jaw muscle insertion
· turtle *view notes below about anapsids 
Synapsids
· Extant Reptiles with single pair of lateral temporal openings in skull – mammal-like reptiles
· Includes mammals and humans
· One spot for jaw muscle 
· Synapsids and diapsids give jaw more musculature, but problematic – decreased size of brain
· Reptiles – therapsids: warm-blooded, nocturnal (because they can stay warm), glandular skin (can identify each other without light – use scent), specialized teeth and chew their food
· now know that anapsids are diapsids that closed their opening when taking on a new feeding habit (2 strategies to work with jaw muscles when vertebrates move up on land)
· as we come up on land > egg and 2 architectures for improving feeding structure. defines amniote group 
· amniote egg>diapsid diversifies 1st > colonize oceans start to swim > move up on land > eat insects > start to fly > descendants: turtles, snakes, birds, crocodiles 
Oviparous reproduction 
Oviparous
· Egg laying
· Have an egg case
· Use of eggs on land was a major innovation
· Lots of predators in the oceans 
· Eggs up on land KEY
· Once thought that most reptiles don’t have parental care when young but now we are finding that there was in fact some care
· on land have to solve issue of waterproofing skin. all the amniotes producing eggs = oviparous. waterproof embryo but have to waterproof skin. 
Keratinized skin 
· take dead skin cells mesh with protein (keratin cross link with outer epithelial layer = waterproof body wall)
· everybody is going to inherit it. modified further to make horns, antlers, nails, hair.
Keratin
· Waterproof and protective skin
· In birds mammals and reptiles
· Keratin protein cross linking with cells of outside layer and is waterproof and flexible
· Scales, feathers, hairs
· Help keep constant body temperature
· Scale, cornified layer, epidermis, dermis, chromatophores
· Cross-linked dead skin cells on surfaces – sometimes modified into scales, fingernails, hair, etc
Anapsids - turtles 
· body plan different than everyone else. 
· reptiles>breath by expanding muscles between the ribs> fill and empty lungs.
· but the turtle lost its opening in the skull when it fused all bones together to create a box in which they live (solidifying bone as a protective surface). 
· consequence: don’t have strong jaw power in terms on how they feed 
· genetic analysis, DNA sequencing: belong on diapsid = closed diapsid skull. 
Major diapsid groups 
· huge number of diapsid gone extinct > cretaceous extinction
Extinct
· Diapsid group
· Dinosaurs and Pterosaurs
· Get limbs under the body so they don’t have to do a push up to get up and to become mobile and develop speed (unlike amphibians)
· Two complete different plans for achieving it
Extant
· Diapsid group
· Snakes, crocodiles and lizards
· Snakes have two ways of feeding: constrictors or venomous, swallow prey whole – need to immobilize it first
· Snakes have highly modified jaw with extra hinge, can enlarge to swallow prey whole
· Snakes got rid of tetrapod stance because they were burrowing – in protective environments
· Crocodiles: powerful, crushing jaws, very unchanged – can’t cut food yet, but they are not so primitive that they just hold food – they crush food
Extinct diapsids 
· cretaceous extinction wipes them out
· Saurischia
· Ex: T-Rex, Albertasaurous
· Major predators
· Extinct diapsids
· The socket where the leg fits is formed from three bones; Ishium, illium, and pubis (anchored limb in)
· Ball of acetabulum is inside the socket
· In all predatory groups and plant eaters
· large necks > herbivores 
· also become carnivores (t-rex)
11. Ornithischia
· Ilium, pubis, ischium
· Top bone and bone on bottom and ischium stick out the back
· Make sounds with their heads and trumpet
· Extinct diapsid
· Bird-hipped dinosaur
· The largely herbivorous ornithischian dinosaurs had large, chunky bodies
· Didn’t survive as well as saurischian 
· duck billed ones and the one with plates of armour.
· 1 and 2. > major dinosaur groups> architectures for supporting body on limbs below (gravity)
· Pterosaurs
· Not Flying reptiles that are not dinosaurs
· Quadrupeds
· Knuckle walkers because the membrane that is used for the wing is connected to a digit
· Extinct diapsids
· able to fly 
· take limb and weave membrane from last finger to back leg. 
· clumsy when they land > fold knuckles up (quadruped to walk on leg) > spread membrane to fly. 
· mammals later will conquer all these lands. at this time only diapsids
Extinct diapsid - snakes-venom
· survivors that we have
· discarded tetrapod body plan: have no limbs
· if going to be a predator have to have special techniques and methodologies to subdue prey. 
· before you swallow your prey have to subdue it. wrap around prey and suffocate it (constrictors) or use venom > get into prey and very quickly immobilize/kill prey so that you can consume it.
· modification of jaw> extra hinge> swallow prey whole (not kicking because immobilized). new feeding technique.
Extinct diapsids - Crocodiles- crushing jaw 
· another survivor: also have diapsid jaw 
· use of teeth> all the same shape and form. 
· sneak up on prey (like the shark> tearing/trashing) but have weak link in jaw> let it snap and grab its nose > muscles to open the jaw are extremely weak compared to muscles in the finger
Synapsid reptiles 
· other survivor = synapsid. our relative (we are synapsid) 
· 1 of their body morphology > rays and fans > thermoregulating> reptiles are ectoderms need to get heat from outside their bodies
· in these bodies by the time we get into the end of mesozoic>  therapsids
Reptiles - therapsids
· warm blooded *reptiles that have started to thermoregulate
· nocturnal *active at night when the temperature has dropped 
· glandular skin * communicate with scent and smell
· specialized teeth and chewed their good 
· competing with small reptiles of the same size 
· nocturnal and burrowing
· onset of the mammals
Angiosperm life cycle 
· plants still overproducing sperm in attempt to reproduce > need ^ efficiency
· major innovation = double fertilization: reference to sequence of cells in the ovule of the female (megaspore)
· in gymnosperm have megaspore go through meiosis > 3 products disappear and 1 is left and sat and waited for pollen to show up and to pollinate it 
· megaspore tissu[image: ]e nutrient reserve 
· in the flowering plants: get usual mitosis and after meiosis we get single meiotic product which will  divide once to get 2 more, divide another time to get 2 more. happens 3 times = 4 products from each cell (coming down 2 lineages). 1st pair of division = stick together so we get 2 clusters of 4 (8nuclei) 
· those 8 nuclei will aggregate different ends of megaspore > of the quartets 1 nuclei goes from each> 2 nuclei move to centre, end up with 3 left over at one end and 3 at other > at the end where the opening to the egg where the sperm has to travel down > 1 of the ‘triplets’ becomes the egg(fertilize in process) > rest guide pollen tube that is coming down. 
· pollen tube coming down from the pollen that has landed on top > difference: 2 sperm nucleic (2 haploid nuclei> last time 1) > when these arrive at base of pollen tube > 1 is going to join 2 in the middle (triploid 3n endosperm> supply and reserves for the embryo) and other is in going to fertilized egg in the megaspore (embryo 2n) = double fertilization 
· plants have no problem with polyploidy
· 3n endosperm adv: very rapidly build reserves= means endosperm can grow quickly
· other adv: now we are only making a large megaspore and nutrients only when fertilization occurs. 
· end result = seed by different mechanism. still has its coat and needs to be dispersed. 
· added > don’t rely on passive wind pollination to pollinate > set up conditions, appearances, sugar reward for pollinators 
· pollen instead of randomly produce large amounts > more specific looking for carriers for it.
Angiosperm
· Most successful plant form today
· Arose in Triassic or Jurassic period
· Angiosperm innovations: extra water-conductor, endosperm and enhanced reproduction
· Sporophytes can also reproduce asexually
Double fertilization
· Results in formation of embryo and endosperm
· one sperm nucleus fuses with one egg nucleus to form a diploid (2n) zygote. The other sperm nucleus and the two polar nuclei of the remaining cell also fuse, forming a cell that will give rise to triploid (3n) endosperm in the seed.
· Self-fertilization doesn’t happen because of S genes – would eliminate need for wind and pollinators
Life cycle:
· Mature sporophyte (diploid)
· Female gametophytes form in ovules, males in pollen sacs in anther
· Ovule: meiosis, then 2 rounds of mitosis with no cytoplasmic division = single cell with multiple nuclei
· Cytoplasmic divisions = 7-cell female gametophyte
· Pollen sac: meiosis and cytoplasmic divisions = haploid microspores – become pollen grains
· Pollination occurs (pollen reaches flower stigma), then pollen tube grows to ovary: tube has 2 sperm (mature male gametophyte)
· Pollen tube reaches ovule: one sperm fertilizes egg, one fertilizes endosperm-producing cell = double fertilization
· Double fertilization: seed with embryo sporophyte (2n) surrounded by nutritious endosperm (3n)
· Seed germinates, grows into seedling, and then mature sporophyte
Anther
· In plants, a structure in which sperm is produced
· The anther of each stamen divided internally into pollen sacs where microspores form and give rise to male gametophytes (pollen grains)
· Male part of plant
Endosperm
· unique nutritive tissue
· that nourishes the embryonic sporophyte.
Megasporangium
· Encloses a single mega spore
Megaspore
· Found inside a megasporangium
· As in all land plants, the megaspore will give rise to a female gametophyte; because this is a heterosporous plant, the gametophyte will develop inside the megaspore wall and inside the megasporangium 
· he megaspore produces a female gametophyte inside the spore wall; archegonia of this gametophyte produce eggs as in other seedless plants.
Microsporangium
55. found in seed
Microspore
9. the microspore  gives rise to a male gametophyte, which produces motile sperm
10. maturity, the microspore  wall will rupture, releasing the sperm, which swim to the female gametophyte; water is thus still required for fertilization in these plants.
Ovule
18. Structure in the carpel where a female gametophyte develops and fertilization takes place
19. Formed in the ovary
20. Eggs are produced by female gametophytes inside ovules.
Stamen
12. Male reproductive organ in flowers, consisting of an anther and slender filament (supports anther)
Pollen
· The male gamete
· Not very effective
· Pollen has two nuclei on it 
· One makes a pollen tube and another makes the sperm
· The sperm undergoes division into two and the tube that is built allows both sperm to go down, hoever only one is involved in fertilization
· One will fertilize the egg and the other will fuse with the two nuclei in the middle
· So now there are three nuclei and a zygote
· The cells in the middle are triploid
· Make endosperm after undergoing all divisions
· Two cells are fertilized, one from zygote and the other from endosperm
Pollen tube
· Tube that grows from a germinating pollen grain through the tissue of a carpel and carries sperm cells to the ovary
· Created by one of the nuclei on the pollen
· After division of the other nuclei, the two sperms go down the pollen tube to reach the egg
· One fertilizes the egg
· If compatible pollen lands on the stigma, the receptive surface of the carpel, it produces a pollen tube that grows down the style to the ovary, where ovules are formed. Eggs are produced by female gametophytes inside ovules.
Seed
· The structure that forms when an ovule matures after a  pollen grain reaches it and a sperm fertilizes the egg
· Seed dispersal: wind, water, animals
Pollination strategies 
Pollination
· The transfer of pollen to a flowers reproductive parts by wind or the bodies of the pollinators
· pollen grains make contact with the stigma of a flower
· Strategies: flower is a mechanism to attract pollinators through their smell
· Plants produce nectar as a gift to the insects only
· As plants evolve they learn to hide their pollen for only certain insects
· Birds, insects and bats can pollinate
· The insects with exception to the butterfly can’t see red so the red flowers are for birds or mammals
Nectar
· Produced by plants to reward pollinators who pollinate on them
· Sweet and sugary
· Through evolution, plants have learned to hide their pollen for only certain insects
· bats, birds 
· major pollinators of plants (insects)
Insect plant co-evolution 
Co-evolution
· Between insects and plants
· Bees see ultraviolet light and are lured by sweet smells
· Bats and moths are attracted by light petals – easier to see in the dark
· Butterflies can see red
· Madagascar moth with huge proboscis and orchid
· 50% of bees in a year disappeared in the US
· evolution of these two are tightly tied together
· evolution of genetically-based, reciprocal adaptations in two or more species that interact closely in the same ecological setting
· insects pollinate flowering plants
· flowering plant diversify structure to lure insects 
· plant trains insect to pollinate it. insect learns which plant it can get sugars from. 
· whole landscape of plants going to change > flowering plants take over.
Seed dispersal 
· efficiencies in dispersals of seeds: wind, water, animals 
· seeds can be large (with that endosperm)
· endosperms make them travel/float in air
· take seed surround with fruit > something will eat fruit > comes out another end at a distant pt of original plant. 
· plants can’t move find insects/pollinators to move them 
· don’t disperse > new seeds
· end result = massive explosion
Fruit
· Animals eat the fruit (withstands digestive gut) and carry the seeds then expel the seeds in another location
· A mature ovary, often with accessory parts from a flower
· Helps to protect and disperse seeds
· A defining feature in angiosperm
· Pericarp: fruit wall
K/T boundary 
K/T (K/P) boundary
· K is the traditional abbreviation for the Cretaceous period, and T is the abbreviation for the Tertiary period
· The boundary marks the end of the Mesozoic era and the beginning of the Cenozoic era, and is associated with the Cretaceous–Tertiary extinction event, a mass extinction
· the K–T extinction event is now called the Cretaceous–Paleogene (or K–Pg) event by many researchers
Cretaceous extinction 
· comes to an end at the end of cretaceous = meteor impact assumed to hit. 
· may not have been as catastrophic as we thought
· large carnivorous dinosaurs were already declining when the meteorite hit (ecosystem collapsing) > they were roaming and reeking havoc > consume more primary productivity than could be produced (starving themselves)
· more likely: ecosystem based on reptiles > meteorite impact last straw and it collapses
· 2 groups sill there 

Extra keywords 
Bird hipped dinosaurs
· Ornithischians
· The largely herbivorous ornithischian dinosaurs had large, chunky bodies.
· armoured or plated dinosaurs
· most abundant in the Jurassic and Cretaceous.
Carpel
modified sporophyll which surrounds and protects the ovules.
Carpels are located in the centre of flowers , reproductive structures that are a defining feature of angiosperms.
Composed of stigma (where pollen lands), style (extension of ovary wall, ovary (egg develops from megaspores, fertilization, seeds mature)
Female part of flower
Cartilaginous fish
· The crocodiles are very similar to them
· They have a massive crushing jaw, not made for chewing
Pangaea
· The earth when it was all attached as one
· Before continental drift
· Brock apart in this era
Placoid scale
· Found on cartilaginous fish (sharks)
· Also called denticles – similar to tooth structure
Ray-finned fishes
· Fins are webs of skin supported by bony or horny spines (rays) instead of fleshy lobed fins
· Many extant
Sauropods
· Lizard-hipped dinosaurs
· normous sizes attained by some species, and the group includes the largest animals to have ever lived on land
· herbivorous (plant-eating), usually quite long-necked quadrupeds (four-legged), often with spatulate (spatula-shaped: broad at the base, narrow at the neck) teeth. They had tiny heads, massive bodies, and tended to have long tails.
· Along with other saurischian dinosaurs (such birds and other theropods), sauropods had a system of air sacs, evidenced by indentations and hollow cavities in most of their vertebrae. Pneumatic, hollow bones are a characteristic feature of all sauropods
· Their hind legs were thick, straight, and powerful, ending in club-like feet with five toes, though only the inner three (or in some cases four) bore claws
Temporal fenestra
· Small opening or perforation, as in a bone
· Most amniotes have at least one hole in the skull behind eyes – evolved to allow more room for jaw muscles
Theropods
· Bipedal surischian dinosaurs
· Mostly carnivorous
· Triassic to Cretaceous (Mesozoic Era)
· Fast-moving, intelligent
· Ex. T-rex
Vertebrate
· Hagfish are the most ancestral living vertebrate
· Oldest known fossils come from the Cambrian
· Animal with bony or cartilaginous skeleton with segmented spinal column and brain enclosed in skull or cranium
· Ex. Fish, amphibians, reptiles, birds, mammals
· chordates






































Cenozoic: Paleogene and Neogene Lecture notes  
* Cenozoic (65Ma-present) during Phanerozoic Eon 
Paleogene
· 65 – 23 million years ago
· First part of Cenozoic Era
· Mammals evolved from relatively small, simple forms into large, diverse group – some dominate land, others become marine or airborne
· Some continental motion took place
· Climates cooled somewhat, inland seas retreated from North America
Neogene
· Geologic period from 23 million years ago until today or ended 2.6 million years ago
· Follows Paleogene Period in Cenozoic Era
· Mammals and birds evolved considerably
· Continental shift: connection of North and South America
· Climates cooled somewhat
Amniote phylogeny 
Amniote animals
· Tetrapod vertebrate animals that have a terrestrially-adapted egg
· Mammals (synapsids), reptiles, birds (sauropsids)
· Laid as eggs or carried by female
15. loss with dinosaurs > all those habitats that vertebrates had inhabited (oceans, air, soils, herbivores-predators) now available. 
16. 2 groups going to take over on that body plan= birds and mammals. (nothing happened to insects and plants, worms) 
Birds 
Endothermy
· warm-blooded animal species
· organism’s members maintain thermal homeostasis – keep body temperature at roughly constant level, regardless of ambient temperature
· form of thermoregulation
· generate own body heat (metabolism) rather than from external source
· warm bodies= entoderm's > feathers (insulative covering) then become used for flight
Feather structure 
· body plan for flight: made up of shaft, barb, and barbules 
· secret is that the feather is light weight, very smooth film that creates a surface that can be used to lift or to glide or to fly (instead of skin like bats > keratinized substance) 
· has a central shaft with barbs coming off with interlocking mechanism off of the barbs coming off 
· light thin membrane structure that we can push against air and get lift= success
Feathers:
· insulation in birds
· got from dinosaurs
· secret to bird flight: feather is fine, interlocking, one direction, greater surface area
· structure: shaft, barbs branching out with barbules interlocking in between
Flight adaptations- skeleton 
Skeleton adaptations:
· Minimized bones, got brittle, filled with air
· Lighter, for flight
· Huge muscles to lower wing, small muscles to raise it
· major adaption to become light weight
· reduction in # of bones > tail gone; bones in arm reduced; # of digits gone; ribs gone;  fuse things, make things smaller
· they are hollow not solid bones
Sternal keel (keeled sternum)
· Extension of sternum (breastbone) runs axially along midline of sternum and extends outward
· Provides anchor for wings – provides adequate leverage for flight
biggest bone =breast bone -> muscles attached for flight. created centre of gravity with muscle mass and lifting structure to carry it along. to lift the wings = pulley system where muscle goes down through a hole in the bone to a muscle that is underneath. inside muscle that lifts the wing; and outside to pulls it down
Parental care 
Parental care
· Process of promoting and supporting physical, emotional, social and intellectual development from infancy to childhood
· Activity of raising child, not the biological relationship
· All the help a parent gives to its offspring, including feeding, sheltering, protecting from predators
· birds to varying degrees > female spends large amount of times with eggs and taking care of the young
· instead of producing 1000s young > produce a few 
Mammalian integument 
other lineage = mammals (also survivors)
in their burrows took keratinized structures =whiskers for when they crawled around > then become hair > covers surface (insulative surface)
scents and glands to communicate with each other > make water and put on skin surface for cooling (have heating and cooling system)
communication with scent gland
secretions: oils, proteins etc > some of these scent glands and glandular components > aggregate in one location and produce liquid/nutrition rich substance = mammary gland (defines mammals) > feeding the young
Sebaceous gland
· Cutaneous gland that secretes sebum (oily/waxy matter, usually into a hair follicle) for lubricating hair and skin
· In dermis
Sweat gland
· Gland in the skin that secretes perspiration – evaporative coating on skin
· Exocrine glands in mammals, used for body temperature regulation
· Apocrine and merocrine sweat glands for cooling
· Mammalian integument
· Attaches to sweat pore
· Also for smell communication
· Secretes nourishment
· Hair innovation: follicle with sebaceous gland and erector muscles
Mammary gland
· Organs in mammals that produce milk for sustenance of young
· Modified and enlarged sweat glands, exocrine glands
· Carries milk by way of mammary ducts to nipples
Mammal jaws
- omnivore, herbivore, carnivore 
· way to feed our young and when they become adults > 1st group that have teeth that have different fns (only body plan that can tear a chunk off something without having to rip/thrash etc)
· plants, other organisms, swiss army knife of teeth (omnivore)
· dentition matches the way mammal feeds
Mammalian reproduction 
· biggest one = change in reproduction
1. Oviparous 
· Egg-laying mammalian reproduction
· Little or no other embryonic development in mother
· monotremes
· Take kid and attach to mammary gland for milk
· everyone was laying their eggs in the environments and still have (1)
· ex. duck billed platypus. lay eggs > hatch; she grabs them and holds them to mammary glands to nourish them 
2. Viviparous
· Form of mammalian reproduction
· Producing living young (not eggs)
· Reproduction inside body of mother – live birth
· Most mammals, some reptiles, few fish
· Contrasted to oviparous
· Ex. Marsupials (attaches to mammary gland in pocket)
· Ex. Eutherians: got rid of egg shell – baby in mom, have placenta for transfer between mom and baby
* give birth to live young
· ex. marsupial: pouch = marsupium. kangaroo little embryo crawls out uterine tract into pouch and attach to the mammary for nourishment until they become big 
· eutherians= placental mammals> embryo doesn’t have to leave the uterus> stays inside until it matures. 
Placental mammals  
· still have amnion, chorion, allantois etc. 
· but in the transition to the placental mammals: the fetus in the parent is seen as a parasite > foreign body that has to be removed from inside (that’s why it comes out so early in marsupials> haven’t figured it out)
· so eutherians add placental barrier > developing embryo not foreign and not rejected so it can develop further.
Placenta
· Part of ovary in flowering plant where ovules form
· Vascular structure in uterus of most mammals providing oxygen and nutrients for and transferring wastes from developing foetus
· Mother’s uterus, then placenta, inside is allantois, yolk sac, chorion, amnion and embryo
Parental care 
· mammals also add parental care as well (like birds)
· long term strategy with few offspring
· varies between groups 

extra keywords
Anthropoids
· simians – “higher primates”
· resembling nonhuman primate: monkey, ape, hominid
Australopithecus
· Extinct genus of African hominid
· Related to humans – humanlike fossils
· possible evolutionary ancestor to modern humans
Bipedal
· having two feet
· organism moves by its rear limbs
Cro-magnons
· one of the main types of early modern humans of European Upper Paleolithic
· earliest known remains date back to 30 000 radiocarbon years
Glandular skin
· amphibian skin
· smooth, no hair or fur or external scales
· has many glands – mucous, poison
Great apes
· Homonidae common name
· Orang-utans, gorillas, chimpanzees and bonobos
· Sometimes includes humans, sometimes not
Hominids
· Primate of family Homonidae
· Includes homo sapiens as well as extinct species of manlike creatures
Hominins
· Tribe of Homonidae that includes humans (Homo), two species of genus Pan (common chimpanzees and bonobos), their ancestors, and extinct lineages of their common ancestor
Neanderthal
· Extinct robust man of Middle Paleolithic era
· Homo neanderthalensis – extinct species
· Mammal jaws are perfected: for omnivore, herbivore or carnivore
Out-of-Africa hypothesis
· Recent African origin of modern humans is mainstream model describing the origin and early dispersal of anatomically modern humans, Homo sapiens sapiens
· Holds that modern humans all came from a single speciation event that happened in a restricted region in Africa
Paranthropus
· Former classification for Autralopithecus robustus, extinct hominin genus Paranthropus
· Bipedal homonids, likely descended from gracile australopithecine homonids
Primates
· Animal order, including lemurs, tarsiers, moneys, apes, human beings
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Macroevolution
Macroevolution:
· Evolution above the level of species *not looking at individuals, looking at relationships
· Includes: 
· adaptive radiations of taxa *how they diversify
· biodiversity changes over time (palaeontology – how planet changed, what brings about the changes),
· extinctions (cause of disappearance, replacement), 
· speciation
· origins of novel structures (amniote egg, wing, etc.) *solns to circumstances = ensure the success of the groups
* have been focussing on this the whole course expect our microevolution lecture 
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