Bio finals study notes on Coyne
Chapter 1: What is Evolution?
Darwin was first to use data from nature to convince people that evolution was true and started idea of natural selection. However, he was not the first to think of evolution.

Life on Earth evolved gradually beginning with one primitive species, perhaps a self-replicating molecule 3.5 billion years ago. It then branched out over time, throwing off many new and diverse species and the mechanism for most evolutionary change is natural selection.

6 components of Darwinism:

1. Gradualism: many generations to produce evolutionary change
2. Evolution: species undergoes genetic change over time
3. Common ancestry: flip side of speciation. Can find descendant lineages fuse at ancestors/nodes.
4. Speciation: evolution of different groups that can’t interbreed/exchange genes
5. Natural selection: if individuals within species differ genetically, these differences affect ability to survive and reproduce in environment. Good genes leading to high fitness will make it to the next generation, while unfit genes will not get passed. 
6. Nonselective mechanisms of evolutionary change: genetic drift/random changes in proportion of genes. 
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Horseshoe crabs and gingko trees haven’t changed over millions of years. 

Evolution doesn’t predict how often species evolve or how they will change when they do.
Coelacanth = living fossil, looks almost identical to ancestors millions of years ago. 

Different plant species use different pollintators or flower at different times, preventing cross-fertilization.

Darwin didn’t really explain how new species arose (no knowledge of genetics). Never knew about barriers to gene exchange. 
Evolution is not like cardboard books of matches. Doesn’t fall into a natural classification in the same way as living species. Can sort matchbooks by size, country within size, color within country. Or by advertising. No sorting system all collectors agree on. Matchbooks = creatures under creationist explanation of life. We wouldn’t expect to see species falling into a nested hierarchy of forms that is recognized by all biologists. Rather than evolving so that each matchbook gives rise to another that is only slightly different, each design was created from scratch by human whim.
Natural selection is not a master engineer, it’s a tinkerer. It doesn’t produce the absolute perfection by scratch, but does the best it can with what it has to work with. Not intelligent to design millions of species that went extinct and replace them with similar species that will also vanish. 
Mutations are changes in traits that already exist, rarely builds brand new features. Evolution = architect that cannot design building from scratch, but build upon preexisting buildings. Natural selection leads to the fitter, not the fittest. 
Theories must be testable and make verifiable predictions. 
Alfred Wegener – continential drift. 

Chapter 4: The Geography of Life pg 113.

Island has not a single native species of fresh water fish, amphibian, reptile or mammal. 
In NA and SA, succulents are in cactus family. Succulents in deserts of Asia, Australia and Africa are in euphorb family. Sap is clear/watery in cacti, but milky/bitter in euphorbs. Cacti introduced to old world deserts still do very well. Share convergent traits = demonstrates common ancestry, speciation, natural selection. Prickly pear of NA introduced to Australia to extract red dye from cochineal beetle that eats the plant. Prickly pear became pest, destroyed farmland. Introduced cactoblastis moth to control prickly pear. 
Two types of islands: 1) continental islands (islands once connected to continent, but separated by rising sea levels or by moving continential plates e.g. Britain, Japan, Sr Lanka etc) and 2) oceanic islands are bereft of life and arose from sea floor e.g. Hawaii, Galapagos). 
Cane toad, poisonous amphibian from Central America was introduced to Hawaii to control beetles on sugarcane are now a pest. They kill cats and dogs that eat them. Mammals, amphibians, reptiles and freshwater fish do well when introduced to oceanic islands. Oceanic islands have high radiation of species e.g. wild variety of finches, no other birds. Hawaii has wide variety of drosophila. Life is unbalanced. The missing groups from these islands cannot easily disperse far away, can’t fly, swim via ocean etc. Plant seeds can float. Coconut palm = large, buoyant seeds. 
Continential islands also have somewhat unbalanced flora and fauna, even more so if they are very old. The older they are, the more like oceanic islands. E.g. Madagascar before primates evolved. It has unique lemurs that radiated despite being continental island. New Zeland has Moasm kiwi, kakapo flightless birds. 
Time and chance alone determine who gets marooned = Robinson Crusoe effect. Many animals/plants in unoccupied habitats will thrive and form new species, filling ecological niches. Will usually find relatives on nearest island or mainland. Island ecosystems = fragile, easily ravaged by invaders. Worst is humans + we bring invasive species. 
Chapter 5: The Engine of Evolution

Asian giant hornet from Japan – long as thumb, orange/black stripes, lethal stinger. Hornet scout places drop of pheromone near entrance of bee colony. 20-30 hornets go up against 30,000 honeybees. In one week, eat honey, bring dead bees back to nests to feed offspring. Honeybees in Japan have resistance. Hornet scout is mobbed, raising temperature by vibrating abdomens and cooks hornet to death. Larvae rap heads constantly against nest to show hunger. European honeybees = defenseless. 
Roundworm parasitizes Central American ant. Ant’s black abdomen turns bright red, turns sluggish, raises abdomen in air, doesn’t alarm with pheromones when attacked so don’t alert nestmates. Birds thinks it’s a berry and eats ant. Birds pass eggs in droppings and ants take back via scavenging to feed larvae. Worms hatch in ant larva. When ant larva becomes a pupa, worms migrate to abdomen and mate, producing more eggs. 
Katydids look like leafs with leaf patterns. Orchids have flowers that look like bees and wasps. Males try to mate with it getting pollen on insect’s head. Some orchids produce chemicals that smell like sex pheromones of bees. 
3 things involved in creating adaptation by natural selection VHS):

1) Starting population must have variable genes. E.g. different coat color of mice.
2) Proportion of that variation must come from changes in the form of genes. Genes must be heritable. Agouti gene produces black color in rats + cats. Mc1r gene produces light color coat in rats and in mutant form in humans produces freckles and red hair in Irish populations. Mutations occur randomly+regardless of whether they’d be useful to the individual. Can be neutral, harmful or helpful. 
3) Genetic variation must affect individual’s probability of leaving offspring. Kaufman showed, most camouflaged mice leave more copies of genes. 
Evolution by selection has random/indifferent process of mutations occurring and a lawful process of natural selection. = “The nonrandom  survival of random variants” by Richard Dawkins.
A gene that kills after reproductive age has no evolutionary disadvantage. Accumulation of these genes by natural selection = why we age. Genes that allow for reproduction when young gives wrinkles and enlarged prostate gland later in life. Natural selection wouldn’t help individual survive after menopause.  
When males displace head lion male of a pride = slaughter of cubs. Reduces total number of lions = higher chance of extinction, but good for invading lions since they can fertilize females and replace dead cubs with own/better genes, instead of babysitting unrelated cubs. 
Evolution = change in proportion of alleles in a population.

Genetic drift = type of evolution, changing allele frequency over time. E.g. ABO blood system. In Old Order Amish, few immigrants on an island or new area. No B blood type in Native American populations. Drift is random. Can’t ever cause evolution of adaptations. Can’t build wing or an eye. That needs nonrandom natural selection. It can cause evolution of useful/harmful features to the organism. 
It can overpower natural selection in small populations, esp small pop. Sampling effect is so large that harmful gene frequency is very high even though selection is working in opposite direction. 
Genetic drift must occur because any population of finite size always has sampling effects during reproduction. 

Every single dog came from single species Eurasian gray wolf – breeded by humans. Sculpted dogs to their liking. Fulfils 2/3 reqs for evolution by selection 1. Variation in color, size, shape,  behavior of ancient dogs to create all these breeds 2) variations of genetic mutations could be inherited. Very fast selection within 10,000 yrs. Artificial selection is very quick. 
Turkeys now bread with breasts so large, must artificially inseminate females since males can’t mount females anymore. Ancestor of corn = grass. Wild cabbage given rise to broccoli, kohlrabi, Brussels, sprouts, cauliflower etc. Studying bacteria = can see all 3 components of selection – variation, heritability, different survival/reproduction of variants. When delete gene in microbe needed to break down lactose, E.coli used another enzyme that previously couldn’t break down lactose, but now could weakly. Got better in generations, mutations increasing amount of enzyme produced etc. Found that 1. Natural selection can lead to evolution of complex, interconnected biochemical systems and 2) selection doesn’t create new traits from thin air, builds new adaptations by modifying old ones. Can show adaptive radiation via bacteria too. New species formed. Some viruses don’t evolve e.g. polio and measles. Unlike influenza. 

Macroevolution – one ‘type’ of animal into another vs microevolutionary change (small changes). 

Stabilizing selection – human birth weight is all around same average. 

Soapberry bug Jadera of the New World lives on two native plants. The bug uses long needle-like beak to penetrate fruit, eat seeds inside, liquefy contents. Now 3 new plant species introduced into range. Two are very large, one very small in comparison to original native plants. Beak size changed. Large fruit = larger beaks and vice versa. 25% change in a few decades. Very fast. 
Under drought, plants flower earlier than ancestors since soils dry out quickly after rains. Mustard plant Brassica rapa in California. Flowering time did change during drought. More examples e.g. guppies less colorful to escape notice of predators. 
Evolution of complex biochemical features + pathways not easy since no trace in fossil record. Key protein in clotting = fibrinogen dissolved in blood plasma. In last step of blood clotting, protein gets cut by enzyme and shorter proteins fibrins stick together forming clot. Found in sea cucumber protein that’s related to blood clotting but not used to clot blood. Ken Miller and Doolittle worked out plausible + adaptive sequence of evolution of entire blood-clotting cascade from pts. Of precursor proteins in invertebrates with nonclotting functions. 
Possible way eyes formed: 

1. Start with light-sensitive pigment in flatworms

2. Skin folds into cup protecting eyespot allowing it to better localize light source like limpets. 

3. Narrowing of cup’s opening to produce improved image and capped by protective transparent cover to protect opening like in ragworms.
4. Fluid of eye coagulated to form a lens like in abalones to focus light. Nearby muscles in mammls move lens and vary focus. 
5. Retina, optic nerve etc. follow similar processes of natural selection. Each step is feasible. At the end is camera eye. Small adaptive steps. 

400,000 yrs estimated to make camera eye via mathematical models. 550 million years ago, animals with eyes. More than enough time. Eyes evolved independently in over 40 groups of animals.  
However breeders haven’t turned a cat into a dog. No bacterium has been turned into a new amoeba, but new species of bacteria have been formed in lab. Big transformations take time. Can’t see Grand Canyon getting deeper, but know it does. 
Page 177 Chapter 6 – how sex drives evolution
Why peacocks have bright feathers – can’t fly, attracts predators esp in monsoons when tail gets heavy. Also energy put into making tail. Irish elk – neither Irish nor an elk is the largest deer that disappeared 10,000 years ago with huge antlers. Sexual dimorphisms – traits that differ between males and females of species. These traits don’t increase survival, but increases chances of having offspring = sexual selection. Selection that increases individual’s chance of getting a mate. 
Red-winged blackbird defends their territories. It’s polygynous. Males that are ‘floaters’ go unmated. They try to invade established territories to sneak copulations with females. Protect territories with songs + threat displays. Postmating competition – snakes and rodents have substances that plug up female’s reproductive tract after mating, barricading other males. With fruit files, males inject females with anti-aphrodisiac, making her unwilling to remate for several days. Can also inactivate stored sperm of males who mated previously. Female choice has driven evolution of many sexual dimorphisms. 
Those who produce sexually lose half its genes in comparison to those who reproduce asexually/pathenogenesis. Bringing together favourable genes in one individual, sex might promote faster evolution to deal with changing environments. Or sex could purge bad genes into one disadvantaged individual – genetic scapegoat. Why 2, not 3 or 4 sexes that mate and combine genes? Why do sexes have different numbers/sizes of gametes. 2 is most stable strategy. Evolved from two sexes where gametes were equal size. Natural selection will favor when male makes lots of small gametes and females make fewer but larger gametes.  This asymmetry sets stage for all of sexual selection. 
Males have little to lose by mating with a sick/weak female since they can mate repeatedly. Selection then favors genes that make a male promiscuous. For females, high investment in eggs and offspring, so picky with mate. Almost all females will eventually find mates. Good males will find mates, substandard males will go unmated. 
However, evolution can favor monogamy if males have more offspring by helping with child care than if they abandon offspring to seek more matings. In some birds, both parents needed. 
Females may simply be larger because they need to produce large and costly eggs. Or males and females may be better predators if they specialize in different food. Reduced competition for two sexes could lead them to evolve different body sizes. So dimorphism doesn’t have to involve sexual selection. 

Sexual dimorphisms in socially monogamous species – adultery. No adultery if no difference between sexes. Males have beautiful colors in fairy wren. Sometimes it’s the females that are promiscuous e.g. some fish, seahorse where males get pregnant by fertilizing the egg the female produces on his belly till they hatch. Females must compete for the nonpregnant males. Thus, females are decorated with bright colors and males are drab. 
Why choose brighter colors though? Proved brighter males feed their young more often than lighter males. Females get direct benefit since healthy males can help family more. Brighter colors may indicate sign of overall health. Avoid parasites. Only healthy males can perform, have bright feathers etc. 
Female preferences giving indirect benefits: male gives genes to offspring. 
Do females look for direct or indirect benefits? Female might spurn less showy male but appearance might not reflect poor genes or simply environmental debility like infection or malnutrition. Since male gray tree frogs make no contributions to offspring except for sperm, females get no direct benefits, only indirect. So long calls of frogs is a sign of male with good genes and females will choose indirect benefits here. 
In peacocks, males don’t raise young either, so females choose peacocks with elaborate tail so that offspring has better/healthier genes. 

Sensory-bias models: evolution of sexual dimorphisms is driven by preexisting biases in a female’s nervous system. Species evolved visual preference for red color because preference helped them locate ripe fruits and berries. Simply because of this preexisting preference, male with red mutation may be preferred. But neither direct nor indirect benefits from choosing a particular male with sensory-bias model. Grassfinches prefer artificial white crests over normal uncrested males probably because they line their nest with white feathers to camouflage eggs from predators. Females show preferences for traits to which they’ve never been exposed. 
Chapter 7: Origin of Species
Biological species concept: BSC: a species is a group of interbreeding natural populations that are reproductively isolated from other such groups. Reproductively isolated by location, time of reproduction, don’t find each other attractive or physical differences. Or if crossed, offspring are infertile/sterile. However extinct species, can’t be tested to see if they can breed or not and those that are asexual don’t fit BSC concept either. 
Reproductive barrier can evolve by divergent selection – selection that drives different populations in different evolutionary directions. ^ physical barrier. 
How could natural selection yield maladaptive/wasteful features on sterile offspring? They’re simply accidental byproducts of genetic divergence caused by natural selection or genetic drift. If 2 geographically isolated populations evolve along different pathways, their genomes can become so different that when put into hybrid, just doesn’t work well together, causing hybrids to die prematurely or sterile. Species don’t arise with the purpose of filling up empty niches in nature. Species are evolutionary accidents. Simply inevitable result of genetic barriers that arise when spatially isolated populations evolve in different directions. Kind of like different languages. 
Theory of geographic speciation = geographic isolation is first step in origin of species. Calculated that it roughly takes 100,000 to 5 million years to evolve 2 reproductively isolated descendants. 
Birds don’t have to become isolated via geographic barriers, separated from accidental long-distance dispersal. Archipelagoes harbor famous radiations of species e.g. fruit flies of Hawaii and finches of Galapagos since archipelagos allow individuals to move back and forth between neighboring islands. 
If started with single species 3.5 billion yrs ago, each ancestral species could split into two descents once every 200 million years. Time is not a problem. 
Long-tongued moths and flies get close enough to stick tongues into tubes. In coastal regions, pollinators are bees, so orchid has shorter nectar tubes. Long-tongued species can’t easily pollinate short-tubed species and vice versa. There are many examples of ongoing geographic speciation where species of different populations mate less readily than their own populations. With drosophila, tested that reproductive isolation between species increase with time. Genetic barriers between groups become strong enough to completely prevent interbreeding after 2.7 million years of divergence. Like stars, can’t see stars evolving over time, but take snapshots of process in different stages and put together like a movie. 
Can speciation occur without geographic barriers? Sympatric speciation. Hard to split one gene pool in two while members remain in same area since constant interbreeding pull them back into single species. 
Mathematical theories show sympatric speciation is possible but uncommon. Harder to find evidence for sympatric speciation. Look at oceanic islands or tiny lakes that are too small to contain any geographic barriers. Closely related species in these habitats, can conclude they formed sympatrically since possibility of geographic isolation is remote. E.g. cichlid fish on two tiny takes in Cameroon. Lakes are too small to become spatially separated. But there is radiation of species. Palm trees on oceanic island next to Australia, - two different species. Small chance of geographic isolation since they are pollinated by wind and can spread pollen over a large area. There are many habitat islands where there is no radiation. No sympatric speciation on these islands. There are no close relatives on the island. Closely related Anolis species aren’t found on islands smaller than Jamaica, which is large mountainous and varied to allow geographic speciation. No reason why creator would produce similar species of birds or lizards on continents but not on isolated islands. 
Two forms of sympatric speciation:

1. Allopolyploid speciation: starts with hybridization of two different species living in same area. Doesn’t begin with isolated populations. It requires that two different species have different numbers or types of chromosomes. This difference means a hybrid won’t undergo proper pairing of chromosomes when trying to make pollen or ovules and will be sterile. However if double every chromosome in hybrid, each chromosome would have a partner and the doubled chromosome hybrid would be hybrid, becoming a new species. It’ll be fertile with similar hybrids, but not original two parent species. Doubled chromosome allopolyploids occur regularly giving rise to new species. 
2. Autopolyploidy, no hybridization. Polyploid can arise by doubling all chromosomes of a single species resulting in a new species that can produce fertile hybrids with other autopolyploids but sterile hybrids when mating with original parent species.
To get either polyploidy speciation, need rare event to occur in two successive generation: formation and union of sperm and eggs with high numbers of chromosomes. In some areas of world estimated 25% of flowering plants formed via polyploidy. Fraction of existing species that had a polyploidy event occurring somewhere in ancestry can be as high as 70%. Not common in trees though – polyploidy. Many crops are polyploids or sterile hybrids that had a polyploidy parent e.g. wheat, cotton, cabbage, bananas. Humans recognized the hybrids in nature as having useful traits from both parental species and deliberately produced polyploids to create desirable gene combinations. Wheat have 6 sets of chromosomes, from 3 different species. Bananas are sterile hybrids between two wild species having two sets of chromosomes from one species and one set from another. Black specks on banana are aborted plant ovules that didn’t turn into seeds since chromosomes can’t pair properly. Can only be propagated from cuttings. 
Polyploidy is very rare in animals, only in fish, insects, worms and reptiles. Many forms reproduce asexually. There’s one sexually reproducing polyploidy mammal, the red viscacha rat of Argentina. Don’t know why animal polyploidy is so rare, maybe because polyploidy disrupts mechanism of x/y sex determination or with inability of animals to self fertilize. Many plants can self-fertilize, allowing single new polyploidy individual to produce many copies of itself. Polyploid speciation is different from other speciation since it changes chromosome number, but no changes in genes. It’s faster than normal geographic speciation. Can happen in 2 generations. Know 5 new plant species that arose this way. In Britain plant has 60 chromosomes as expected since one parent has 20 and the other has 40.  Can synthesize hybrid species in lab. 
Chapter 8: What about us? 

Closest relatives are chimpanzees and bonobos. Can’t expect to find single species representing the missing link between humans and apes. We can only hope to find evolutionary cousins. Chimps and gorillas both have rectangular dental arcade, bottom row of teeth look like three sides of rectangle. Too few speciments spread over too large a geographic area to make decisions about whether fossil is new or a variant of an already named species. 
If femur bone (long leg bone) angles toward middle, animal is bipedal, keeping the centre of gravity in one place when walking.  Lucy was human from bottom down showed that our upright posture evolved long before our large brains. Homo habilis = handy man. Made tools. Australopithecines has smaller brain size than Homo genus. However, much variation within modern humans in brain size that doesn’t correlate with brain intelligence. Hard to put species into which group. Homo erectus could use fire. 60, 000 years ago disappeared and replaced with H. sapiens. 2 theories: multiregional theory that H. erectus and maybe H. neanderthalensis evolved into H. sapiens independently in several areas. Since Natural selection may’ve been acting in the same way all over Asia, Europe and Africa. The 2nd theory is the ‘out of Africa’ theory where H. sapiens originated in Africa and spread, physically replacing H. erectus and Neanderthals by outcompeting them or killing them. The multiregional hypothesis would predict 15x more differences between races than if our ancestors left only 60,000 years ago with the ‘out of Africa theory’. 
3-10 million years ago, most profound environmental change in Africa was drought. Can see this info from pollen and African dust blown into the ocean and preserved in sediments. In dry periods, rainforests gave way to more open habitat like savanna, grassland, forest and desert. Walking on two legs allowed humans to travel efficiently from one patch to the next by allowing them to carry new types of food with freed hands. Walking erect means higher distance from the ground, decreasing surface area exposed to sun. Hair interferes with cooling, so became naked apes. Aquatic ape theory – early hominins spent much time in water foraging for food with erect posture to keep heads above surface. Many mysteries about how we evolved, but we have conclusive evidence that we did evolve. 1% difference with chimps is larger than it seems. It’s like changing 1% of letters on a page, will alter more than 1% of sentences. Many genes that are different, many genes that have different number of copies e.g. amylase in humans has 2-16 copies in comparison to one in chimps. Our diet was richer in starch than fruit eating apes. 
Sweatiest of apes, only apes with concealed ovulation, humans that pair bond, language and brain size etc. differences. There is no one “human” gene that makes humans human. Can’t tell which specific genes made us human. There are candidates for genes causing speech, but conclusive poof that given gene causes human/chimp differences requires moving gene from one species to another and seeing the changes. That’s not ethical though. 
10-15% of genetic variation in humans is between races and the rest 85-90% is among individuals within races. 

Cultural change can also produce genetic change. E.g. spreading idea or fad involving the preferred appearance of one’s mate. E.g. Empress likes men with straight black hair and almond eyes, over time curly haired and round eyed individuals will be replaced by individuals with straight black hair and almond shaped eyes. All speculation though, nearly impossible to test. 
Many ancestors had no source of milk as food so became lactose intolerant. Individuals continuing to produce lactase are mainly in populations of pastoralists/populations that raise cows. Lactose is a rich source of nutrition that’s unavailable to others without lactase. Time via DNA sequencing of when tolerant allele for lactose arose by mutation was from 3-8 thousand years ago, fitting well with rise of pastoralism 7-9 thousand years ago. < -- example of gene culture revolution. 4-10% more offspring for those who were tolerant of lactose than those who weren’t. Due to cultural change, we are going downhill genetically. We can compensate bad genes with glasses or dentist etc. Also genes that used to be useful, now are harmful with cultural change e.g. our love for sweets and fats, what once used to be rare foods are now readily available = tooth decay, obesity etc. 
As long as people die before they’ve stopped reproducing and as long as some people have more offspring than others, there’s an opportunity for natural selection to improve us. Also, if there’s genetic variation that affects fitness, it will promote evolutionary change. Conditions that have both genetic and environmental causes like obesity, heart disease may not respond to selection because most of the time, they cause death after victims have stopped reproducing. Survival of the fittest is accompanied by survival of the fattest. 
Social improvements enhance our abilities far more than any changes in our genes, unless we decide to tinker with our evolution via genetic manipulation. 

Chapter 9 Evolution Redux 

We’ve looked at evidence from fossil record, biogeography, embryology, vestigial structures, suboptimal design, organisms had to have evolved. We can predict when and where common ancestors can appear. 
Naturalism – view that only way to understand the universe is via scientific method

Materialism – idea that only reality is the physical matter of the universe and everything else including thought, will and emotion comes from physical laws acting on that matter. 
Message of evolution and all of science is one of naturalistic materialism. 

There’s an increasing and disturbing tendency of psychologists, biologists and philosophers to Darwinize every aspect of human behavior. Imaginative reconstructions of how things could have evolved are not science. They’re stories. 

Men have bigger bodies not because they aggressively compete for women but because of evolutionary outcome of division of labor. Men hunted while women took care of children but this is no longer sexual selection. It’s just natural selection. 

Genes don’t mean unchangeable. Juvenile diabetes is a genetic disease but harmful effects can be largely eliminated by small doses of insulin: environmental intervention.  
We’re the only species who’ve figured out how we came to be. 

