19th Century modern biology:
	To explain evolution and speciation, the theories of Darwin and Wallace was combined so that a uniform theory was proposed. To explain evolution and speciation, it is the population that must be observed instead of individuals (contrary to what was previously believed) because it is within populations that genetic variation occurs. There is a range of variation within a population and it was Mendel who proposed that these variations were results of genetic diversity (he didn’t actually propose “genetic diversity” but he did realize there was a blue print) and were inheritable.

Darwin’s five theories:
	In order to observe natural selection, the variation within populations must be monitored and observed. This was contrary to what people believed because it was widely accepted that it was the essence within an individual that was changing and not the population.

Mendel:
	The difficulty in transitioning from the old belief to the new belief was the lack of evidence for inheritability. Mendel, through his study of peas theorized that there must be a predetermined plan for organism and this plan was passed onto the next generation from both parents. He also formulated the Laws of Segregation and Independent Assortment.

20th Century:
The Synthetic theory of Evolution:
· It will be Huxley that formulates combines evolution with population genetics. He is going to formula calculations that can be used to determine the various variations within populations thus making variations predictable.
· If the theory of evolution was to be based on variation, then the variation must be determined to predict whether a change has occurred, and it must be measured and quantified.

Microevolution:
	Microevolution is the change of alleles within a population. For example if the allele frequency of black hair vs blonde hair was 50/50 and the next generation changes to 40/60 due to external effects, then this is evolution. There will be different ways to measure this change in frequency such as change in chromosome structure, or mutations and recombination. Essentially if any of these occurred, then microevolution has taken place.

Some basic terms for microevolution:
Allele:
· Recall that it was Mendel who proposed that every genetic plan is carried on alleles and every individual carries two copies of each allele.
Phenotype:
· This is the visual expression of the allele in consideration. Mendel realized that the phenotype of an organism may not accurately portray the alleles the organism contains. For example, if a copy of an allele is recessive, the dominant allele will be expressed but the organism still carries the recessive copy.
Genotype:
· The allele types of an individual. The genotype give rise to the phenotype and it is the genotype that is calculated in determining variation within a population.
Homozygous:
· This is a term used to describe the genotype of an individual. When an individual carries two copies of a dominate allele or two copies of the recessive allele, they are homozygous. Hint: Homosexuals = same sex, so homo = same, so homozygous = same allele : D.

Heterozygous:
· This term refers to a genotype where both the dominant allele and the recessive alleles are carried by one individual. Hetero sexual = different sex, so hetero = different, so heterozygous = different allele.

Dominant and Recessive:
· These terms refer to the nature of the alleles carried. If an allele is dominant, it will always be expressed regardless of whether a recessive copy is carried. A recessive allele is one that will not be expressed unless in a homozygous recessive individual.

Incomplete Dominance – Snap Dragons:
	A perfect example demonstrating dominance is the snap dragon (a flower). The allele for red pedal s is dominant over the allele for white pedal s. If the parents are homozygous red and homozygous white respectively, then the first generation will all be heterozygous red. The first generation will all carry a copy of the red allele as well as the white allele. The second generation that arise from the first will have 25% being homozygous red, 50% as heterozygous pink and 25% as homozygous white or a 1:2:1 ratio. This is Mendelian genetics.

Genotype and allele Frequency:
	Huxley will give us a mathematical way of predicting allele frequencies within a population. For example, in a population of 1000 snap dragons, if 450 are red, 500 are pink and 50 are white, then the genotype frequency is 0.45 homozygous red, 0.50 heterozygous pink, and 0.05 homozygous white. The allele frequency would thus be 0.7 for red (total red alleles over total alleles) and 0.3 for white.

Using the Hardy-Weinberg Principle: 
	The HW principle employs the use of a punnet square and essentially takes the allele frequencies for the dominant trait and recessive trait and makes it mathematically possible to predict the combinations and the frequencies of each possibility that will result after mating. For example, in Snap Dragons, if the allele frequency of red pedal s was 0.7 and 0.3 for white for the parents, then the possibility of having an offspring that is homozygous Red would be 0.49 or 49%. The chances of having heterozygous pink would be 42% with a frequency of 0.42 and the chances of having homozygous white would be 9% or a frequency of 0.09.

Hardy-Weinberg Principle’s Assumptions: 
· No Natural Selection
· No allele is favoured over another. If there is an allele that will increase survibility for the organism, then the fitness of the unfavoured allele will decrease thus resulting in more favour alleles.
· No Mutation
· No allele is changed into something else.
· No genetic drift – population is large
· There is sufficient population for sampling. If the population is too small, the random mixing will not exhibit actual chance.
· Gene flow
· There has been no immigration or emigration.
· Random mating
· Reproduction is random with no preference for characteristics.

If the allele frequencies used in the Hardy Weinberg principle have changed, then there has been micro evolution. If a change is found, the next step is determining which of the five caused the change. For example, in the peppered moth example, there was random mating, there was no gene flow, the population is large and there was no mutation. The change in allele frequency was a result of natural selection where one trait is favoured for survival.

Allele frequencies in populations:
	If there was population drift and the population becomes too small, there will not be the same probability for the allele to appear in same frequency as did in the parent population. For example, if a sample of snap dragons had an allele frequency of 0.6 for red dominant allele and 0.4 for white recessive allele, if the population size was too small, the offspring may not exist in 0.36 for homozygous red, 0.48 for heterozygous pink and 0.16 for homozygous white. As a result, the end allele frequency would have changed.

	If there is natural selection, then some individuals would have favoured characteristics and those unfavoured individuals will not be able to produce adequate gametes to put back into the population causing the allele frequency to change. Furthermore, if there was migration, then some alleles would be lost from the population. This loss of alleles would alter the frequency and thus the next generation would not reflect the parent in allele frequency. If there was mutation, then there was a change in the frequency within an individual or population. As a result, the allele frequency within the produced gametes would differ and thus the next generation would have a different allele frequency. 

Effect of Selection:
	In an arbitrary example, if a population have gametes with an allele frequency of 0.6 for A and 0.4 for a, then the next generation will have 36 individuals whom are homozygous A, 48 individuals who are Aa, and 16 individuals who are aa. If 25% of Aa and 50% of aa fail to pass on their gametes as a result of selection, then the second generation will have 36 individuals who are homozygous A, 36 Aa and 8 aa. The allele frequency of the resulting population would thus become 0.675 and 0.325 for A and a respectively.

Effects of Selection, Mice Example:
	In one study, researchers bred caged mice based on the characteristics they exhibited. For example, in a population of caged mice, there were ones that enjoyed running on the wheel and there were others that did not. By breeding active mice with other active ones, the resulting off spring from several generations of breeding were much more fit and could run faster and longer. The reversal was observed in inactive mice. Several generations later, the offsprings were still inactive and lazy. Although this example does not clearly display how allele frequency and alleles are impacted, it does show how selective pressures will alter the outcomes of the offspring and ultimately allele frequency. From this, we can deduce that the alleles for fitness have increased in the population that resulted from active mice breeding and that the alleles for laziness have increased in frequency in the other population.

Effects of Selection – Fixation:
	Although the provided example on mice does not exactly reflect allele frequency, it does provide evidence for a concept called fixation. Fixation occurs when one allele is found throughout the population and the other disappears. When selection is introduced into a population, the gene that is selected against slowly disappears. For example, if in a population, the amount of individuals that is AA survives 100 percent of the time, Aa survive 99.8 percent of the time, and aa survive 99.6 percent of the time, the frequency of A within the population will slowly increase. However, if AA survive 100 percent of the time, Aa survive 90 percent of the time and aa survive only 80 percent of the time, clearly a is detrimental to survival. After only about 100 generations, the allele a will have been eliminated from the population and every individual would carry only A alleles. A is said to be fixed. As one can see, the greater the selection against an allele, the faster that allele would disappear from a population. 

	This is important because when are selecting for a specific trait, as in the case of vegetation and artificial selection, the allele coding the trait we are not selecting for may disappear. This was exactly the case with bacterial and antibiotic resistance. When we applied antibiotics, we inadvertently selected for survival against the medicine by eliminating the alleles that did not in bacteria. The individuals carrying the allele that permit them to survive got to transfer that to the next generation and quickly the population became fixed with the allele that gave resistance. The same concept is present in agriculture. The seeds from species of plants that are produced and used for planting have been selected for and inbred to the point where there are only few varieties left in the world. In the attempt to get uniformity, we are also losing the other characteristics we are not selecting for which means if something was to occur to the climate or such, the agriculture plants will not survive because they have been bred to survive in ideal conditions. And as a result, hard selection tends to make the population more uniform and homogenous and in natural populations, that is not a good thing because there is less genetic variation. 

Effect of Selection – Against Recessive:
	Going back to our arbitrary example with a population having 0.6 and 0.4 allele frequencies for A and a respectively, out of 100 offsprings, there should be 36 AA, 48 Aa and 16 aa. If we select against the recessive, aka kill all recessive individuals off, then the offsprings will only be AA and Aa. We thus have 36 AA and 48 Aa. The allele frequency of this new population then becomes 0.714 for A and 0.286 for a. This is also microevolution.

	An example of this is a species of flower beetles where individuals having two copies of the recessive alleles die off. If a heterozygous population of these beetles having both the dominant and recessive copies were placed within a jar and all the other Hardy-Weinberg conditions are met, the frequency of the recessive allele will slowly decrease over time. Starting from a frequency of 0.5, the recessive allele would slowly decrease. As the recessive allele decrease in frequency, we see an increase in dominant allele from 0.5 to 1-frequency of recessive.

	It is important to realize that even though a selection against the recessive is observed, unlike hard selection where fixation occurs, natural selection will never completely eliminate the recessive allele. The allele frequencies will always asymptote off at a low value and the dominant will asymptote at a high value. This is important because this means that this population can adapt to a greater variety of changes than one that is fixed. What if later on there is an advantage to having the recessive allele? Not fixing the dominant allele means that the recessive allele, which is carried by few individuals, may have a chance to come back and ensure the survival of the species. 

Effects of Selection – Against Heterozygotes:
	Once again, going back to the arbitrary example, if the heterozygotes were eliminated, the number of individuals that remain will be 36 AA and 16 aa. The resulting allele frequency would thus be 0.692 for A and 0.308 for a. As you can see microevolution has taken place. 

	If we start the population with only homozygous individuals for dominant and recessive alleles, over generations, the frequency of alleles will approach an asymptote. The same is true if the frequency for an allele is above the asymptote. The frequency of the allele will eventually drop down to the asymptote and approach a certain value thus the both alleles are maintained within the population. What is interesting is, even though heterozygotes often have deleterious genes, they often have advantageous genes as well. This is especially true if there is incomplete expression of a gene. 

	A classical case of heterozygote advantage is sickle celled anemia. When a person is homozygous for sickled celled anemia, they are in trouble because they carry two copies of the gene that prevent their red blood cells from becoming a donut shaped. As a result, they lack the ability to carry oxygen. Furthermore, their red blood cells are very prone to hypoxia and when there is a lack of oxygen, their red blood cells clump together resulting in compromised oxygen delivery and death. On the side, the liver is constantly destroying the defected sickled cells just as fast as it is being replaced. However, if an individual is heterozygous for sickled cell anemia, they carry both the normal allele and the defective allele. As a result, they will produce both normal red blood cells and defective red blood cells. Recall that the malaria parasite infects red blood cells regardless of whether they are sickled or not. In an individual who is heterozygous for sickled cell anemia, the parasite infecting the sickled cell is destroyed by the liver as it destroys the defective red blood cells. As a result, the parasite number is kept in check and the person is able to survive. This is different from both homozygous non-sickled celled and homozygous sickled celled because individuals who are homozygous for normal red blood cells will die from malaria and those homozygous for sickled celled anemia will die from the disorder. Thus, individuals who are heterozygous for sickled cell anemia will survive with and without malaria, providing them with a distinct advantage. 

Selection with Multiple Loci Traits:
	Most of the variation we see is not a single allele. Most traits are controlled by multiple alleles. For example, height in humans is controlled by a number of genes that work together to determine the final height. A population will usually have a distribution of height such that the majority of the population is located in the middle of the distribution with decreasing numbers as one progress farther from that normal distribution. What we cannot do with multiple loci or allele characteristics is measure the allelic frequencies using the Hardy Weinberg. Instead, we must compare the distribution curve between the populations being studied. 

	When looking at the distribution curve of a population, the mean represents the middle value. The standard deviation is the spread of the curve which houses 90% if the individuals. We can identify 3 types of selection that occur with multi-loci traits that we can measure with distribution.

Directional Selection:
	Directional selection explains the shift of the population for one characteristic in one direction as a result of selection. For example, if a bird’s tail is favoured to be long in mating, the ones with the shorter tails will have fewer opportunities to pass on their gametes (recall how this ties back to allelic frequencies in selecting against a trait) and thus their will exist fewer birds with short tails. As a result of this, the tail length of the general population that results will be longer and the distribution curve would shift and a new mean would be established with longer tail. The standard deviation would also shift in the direction of longer tails. 

Stabilizing Selection:
	Stabilizing selection explains the disappearance of the extremes. In other words, stabilizing selection favours the average of the characteristics. In the example of the bird tails, stabilizing selection would mean the birds with really short or long tails are ignored and the ones with average lengthed tails are favoured. What results is a disappearance of long and short tails and an increase in average lenthed tails. Unlike directional selection, the mean would stay the same and the number of individuals around the mean would increase.

	A very good example of stabilizing selection is human births. There is a distinct disadvantage in having a really small baby and also a large baby. Through medical practice and care, we have pretty much eliminated really small and really large birth mass with approx 20% of the births having a 3 kg mass thus over time. So the distribution of births has become focused at around the 3 kg mass range with few on either extremity. 

Stabilizing Selection – Goldenrod Galls:
	There exists a relationship between the size of a gall and the survivability of the maggot that produced it. The gall on a goldenrod is produced when a fly lays its eggs within the stem of the goldenrod. As the egg hatches into a maggot, the maggot produces a chemical that causes the cells surrounding it to divide and produce a ball of tissue. This eventually becomes the food for the maggot. The relationship between gall size and survival comes from predators. If the gall size is small, the wasps that reside within the area will be able to penetrate the gall to lay their eggs within the developing maggot. The wasp larvae will eat the maggot for food as it is eating the plant. If the gall becomes too big, birds will be able to peck on the gall and crack it open. Then the maggot within becomes food for the birds. 

	What we end up getting is an optimal size for a gall that will ensure the maximum chance for the maggot to survive.  The predators place pressure on the extremes of gall size and basically ensure that maximum chance of survival comes from the average gall size where it is too big for wasps and too small for birds. We have a classical example of stabilizing selection. 

Disruptive Selection:
	Disruptive selection occurs when the average is selected against. In the bird tail example, if averaged lengthed tails were not favoured, eventually the population will decrease in number of averaged tails and more will shift towards the extremity. What we end up getting is a reduction of individuals who possess the mean value and the formation of two new maximums in distribution. 

	A good example of disruptive selection is presented in Darwin’s finches. The beaks of these finches are used to crack open seeds. Larger seeds require larger beaks and the opposite is true for smaller seeds. The beaks are usually present in on a normal distribution curve but when a draught hit the island, the plants producing the medium sized seeds died and what were left were only the small and large seeds. In response to this, the finches developed either large or small beaks and the medium sized beaks were practically eliminated from the population. The initial mean has thus decreased in numbers and what result is the increase in numbers in two new distributions. This selection is particularly important to evolutionists because it has the potential to produce two new morphologies and thus species. 

Effect of Mutation:
	Mutation can change the allelic frequency by altering the number of alleles present. Going back to the arbitrary example of 0.6 for A and 0.4 for a within a population, if the next generation experiences a mutation in which the A allele mutates into an a allele, the resulting allelic frequency would thus change from 0.36 AA, 0.48 Aa, and 0.16 aa to 0.36 AA, 0.46 Aa and 0.18 aa. The resulting allelic frequency would thus be 0.59 for A, and 0.41 for a.
Mutation:
	Mutations occur as a result of point mutation, which is a mutation affecting the base pairs of a genome or it could be a chromosomal mutation affecting who areas of genes. Mutations are very rare because changes in DNA base pair sequence are constantly being repaired. In fact the rate of mutation is 2 mutations per generation. 
· Beneficial
· Mutations can be beneficial in that they can provide advantages for survival never encountered before. Whether it be sexual advantage or advantage in obtaining food, mutation can help an organism survive.
· Neutral
· Mutations can provide nothing for the organism. This would be the case for silent mutations where the mutated base pair results in the production of the same amino acid. Furthermore, neutral mutation could result in a characteristic that is neither favourable for survival nor sexual selection.
· Deleterious
· In most cases, a mutation could be detrimental because it hinders the proper production of amino acids. As a result the organism lacks adequate components required for survival and dies. Or, the mutation could result in disfiguration or other forms of disadvantage in survival or sexual selection.
Genetic Code:
	The genetic code is somewhat flexible in that there are multiple codons coding for several of the amino acids. What this means is that some mutations will have no effect if they affect one of these codons in such a way that another codon coding for the same amino acid is produced. For example, if ACU undergoes missense point mutation and becomes ACG, the mutation still produces thrimine resulting in a neutral or silent mutation.

Mutation:
Point Mutations:
· Silent:
· Mutations that results in the same amino acid being produced as prior to mutation.
· Missense:
· The replacement of one base pair in a codon resulting in the production of another amino acid.
· Nonsense:
· The replacement of one base pair in a codon resulting in the formation of a termination codon that once expressed stops the production of an amino acid sequence immaturely.
· Frame Shift:
· The shifting of the codon sequence whether by insertion or deletion such that the original codon sequence is shifted to create a new sequence of codons.

Missense:
	AUG AUU AUC AUA UAA  AUG AUC AUC AUA UAA. The replacement of “U” with “C” in “AUU” is an example of missense mutation. This is also the mutation that causes sickled cell anemia where the GAG is replaced by GTG in the original DNA strand and once expressed to mRNA, the sequence becomes GUG instead of GAG which codes for Val instead of Glu.

Nonsense:
AUG AUU UAU AUA UAA  AUG AUU UAG AUA UAA. The replacement of “U” to “G” in “UAU” introduces a termination codon before the original termination codon “UAA”. This forces the synthesis of protein to stop prematurely.

Silent:
	AUG UUU AUC AUA UAA  AUG UUC AUC AUA UAA. The replacement of “U” to “C” in “UUU” results in the production of Phe.

Frame Shift:
AUG UUU AUC AUA UAA  UGU UUA UCA UAU AAA. The shift of codon sequence produces a new sequence that is barely recognizable.

Mutation:
· Inversion
· The concept that when a chromosome breaks and is repaired, it may be flipped.
· Translocation
· The concept that when a chromosomal break is repaired, one strand may be attached to a wrong end of another.
· Deletion
· The concept that chromosomal chunks may break off and the two remaining chromosomal edges may anneal together without the broken piece coming back.
· Duplication
· The concept that portions of a chromosome can be duplicated and attached back onto the chromosome.
· Crossing over
· Polyploidy
· Genome Duplication

Chromosomal Mutations – Crossing Over:
	In meiosis, the crossing over results when two pairs of sister chromosomes (one pair from each parent) wraps an arm around the other, breaks, anneal and thus resulting in two pairs of sister chromosomes with one sister chromosome containing the DNA of the other pair.

Chromosomal Mutations – polyploidy:
	Polyploidy refers to a condition where more than normal amounts of chromosome are present. It is an error in meiosis, and instead of the last stage of meiosis occurring (splitting of sister chromosomes) which would produce haploidic gametes, the gametes in polyploidy are diploids. In animals, this is lethal and would result in death. However, in plants, this is tolerated. When plants mate, they can combine the sperm and egg of two organisms and become a tetraploid. 

	Polyploidy is important in plants because it is going to be how they first inherit their genetic variability when they first move onto land. Some plants are capable of breeding with other species. For example, the gametes of species A can combine with the gametes of species B with both gametes being haploids. The resulting cell will have twice the number of normal chromosomes and after it undergoes mitosis and then meiosis, it produces diploid gametes. The gametes then self fertilize resulting in a tetrapod zygote. The resulting plant that develops as a result of this fertilization is a new plant that has the characteristics of the two parent plants. This will be the success of plants because their variability is hard to achieve due to their immobility. This mixing and recombination of genes and the ability to have a larger number of genes will help with their diversification.
Genetic Drift:
	Genetic drift deals with population size and essentially asks the question “is the sample large enough to ensure that there is accurate probability?”.

	The population is important because a smaller population size means that an allele may become fixed or lost more easily than in a larger population. For example, in a population of 4, after as little as 15 generations, one allele may become fixed or may disappear. Contrasting that to a population of 400, the allele never disappears or becomes fixed. What we notice is that a larger population indicates a bouncing around of alleles around the predicted value but it never completely disappears and is always within the population.

Genetic Drift – Bottle Neck Affect:
	In population genetics, the bottle neck affect refers to a situation where one population was significantly reduced to a small number and was allowed to repopulate. What results is a new population with similar genetic variation as the small number that survived the catastrophe which means there isn’t the same amount of genetic variability as before. 

	Bottle neck effects are important especially in conservation because if we have species that are going to dwindle down in numbers and we are going to repopulate an area, there could be trouble because there may not be the genetic variability that was present in the original population. The bottle neck says to us that if we have conservation and we try to bring up the population numbers, we may not be doing the best thing possible because we are not reintroducing the genetic variability and thus survivability back in the wild for the next generation may be jeopardized.

Genetic Drift – Founder Affect:
	This is when few individuals move to a new area and populate that area. As a consequence of this, there may not be a wide variety of genetic variation because all the genetic variation within the descending populations is a result of these few individuals. This closely ties with the bottle neck affect in that few individuals are contributing their variation to produce whole populations. A founding effect is when there is a sub sampling of a certain species of animals. A founder affect is typically studied in humans and it was noted that founder affect gave rise to many forms of heritable diseases. For example, when a small number of individuals populate an area, the lack of genetic variation as well as the isolated nature provides perfect circumstances for heritable diseases to occur. An example would be in the Quebec area where breeding with semi close relatives and people with similar genetic makeup results in a form of muscle disorder. 

	A perfect example of a bottle neck effect and a founder effect is the reintroduction of organisms back into an environment. Across the globe, organisms that are going extinct are placed in reserves in hopes that their habitats can get restored and they can be reintroduced back into that area. Because the population has dwindled to such small numbers, the species have experienced a bottle neck effect. The off springs that descent from the survivors are not likely to have the full genetic variability of the original population and thus the new population lacks the diversity found in the original. Furthermore, as the organisms are reintroduced, a founder affect is observed in that relatively few individuals are released to repopulate the whole area. What results is a lack of genetic diversity within the resulting population because the variations were eliminated from the bottle neck. This is why zoos are constantly mixing the variability within the species they contain.

Gene Flow – Migration:
	Once again, going back to the arbitrary example of a population with allele frequencies of 0.6 for A and 0.4 for a, the next generation will be 36 AA, 48 Aa and 16 aa. If 25 aa were introduced to this first generation, the resulting 41 aa would increase the frequency of a alleles. So the resulting allele frequency would be 0.48 and 0.52 for A and a respectively. 

	An example of migration and how it affects allelic frequency is a population of plants. If the source population had 5 individuals and 4 of those were AA with 1 Aa, then the allelic frequency would be 0.9 A and 0.1 a. If that 1 Aa migrated to another area, the resulting allelic frequency would become 0.5 A and 0.5 a. Because individuals were able to migrate in the first place, more seeds or pollen from the original population could migrate to the location of the new population. This migration would change the allelic frequency of the new population to reflect that of the old population. Seeds from the new population could also migrate back to the original population. This would result in a change in the allelic frequency of the old population. Therefore, in order to change the allelic frequency of one population via migration, the new alleles that are introduced must come from an external source. What is more, if this exchange of variation persists, the two populations will develop into a state of homogeny and their allelic frequencies will converge ever together resulting in a uniform distribution of variation. 

	This concept of mixing of genetic variation between populations is practiced by conservations across the world. Due to human impact or natural phenomenon, one group of a population may have become separated from another. This separation results in isolation of genes and the environmentalists are looking for ways to mix the genes trapped in these groups with other groups of the same species. If one group have a gene that provides benefit for survival, then transferring it to the other group will increase variability and thus probable survival chance. Another example of migration and its impact on gene frequency is the Y-Y corridor where a stretch of land has been preserved so that organisms can migrate between the populations in Yukon and the Yellowknife regions to ensure gene flow between populations so that there may be the recovery of some genes lost in bottle neck effects or other catastrophes. 

Non Random Mating – Inbreeding:
	Non random mating is mating with a preference. In other words, non random mating is not pair up individuals by chance but rather based on selection. There is a preference for certain alleles to combine together. If because of non random mating, certain combinations of alleles and certain distribution of traits are favour due to sexual selection then certain characteristics are more likely to be genetically fit and will be more likely to be passed to the next generation. 

	Inbreeding is an example of non random mating. If we control the population and they are only allowed to mate within that population and we are going to have individuals mating with relatives, then there will be a slow disappearance of heterozygocity. In a population, there will be homozygotes and heterozygotes. If in an example, there are AA, Aa, and aa individuals, and these individuals were allowed to mate among themselves, the AA with AA will produce more AA. The Aa with Aa will produce AA, Aa, and aa in a 1:2:1 ration. The aa with aa will produce more aa. What we may not notice is that, the frequencies of homozygotes have increased. The AA that resulted from the mating of two AAs will receive more AA that resulted from the mating of Aa. The aa that resulted from the mating of two aas will receive more aa that resulted from the mating of Aa. As a result, the frequency of AA and aa will increase within the population and the frequency of Aa will decrease at 50% per generation. This loss of heterozygocity is extremely important because there may be advantages to being heterozygotic. A classic example is haemophiliac which is a clotting disorder. Many of the diseases within the royal families around the world were a result of inbreeding and a loss of heterozygocity. 

	What is important to realize is that the allele frequency is not changing. The isolated nature of inbreeding means no external alleles can come into the population and thus there is no change in allelic frequency but there is a profound change in genotype frequency and its impact is severe. Thus, there is no microevolution.

Non Random Mating – Sexual Dimorphism:
	The most common cases for non random mating involve sexual dimorphism. Often, the male in the animal kingdom will have a completely different appearance than the female. For example, the lion has a mane where the female does not. This is a result of secondary characteristics. Why did this arise? There is a difference between the reproductive strategies of males and females. The females are the ones that will invest the most metabolic energy and time into producing and maintain eggs.. The female also has a limited number of eggs that can be produced in a life time. Thus the female is resource intensive and is limited in the number of eggs they can produce. The male on the other hand is not. The purpose of the male is to scatter as much of their genome in the population as possible with little consumption of resource and time. So what the females need to do is decide whether or not the sperm from the male is adequate enough for fertilizing her egg. In order to convince the females that they are in fact healthy, the males developed these secondary characteristics to show that their genes are good quality. 

Non Random Mating – Sexual Selection:
	What we end up with in sexual selection is a situation where the female is going to make the choice of who she is going to mate with based on a number of criteria. On the other hand, there is going to be competition between males to decide who is fit (recall the giraffe). 
· Sexual Selection:
· On Males – Female Choice
· On males – Competition
· Combat
· Sperm competition
· Infanticide

Sexual Selection – Female Choice:
	One example of “Female Choice” has to do with the length of tails on the mail bird. For some reason, whether it be a reflection of nutrient or availability of food, males with longer tails are favoured by females and thus have more chances of passing on their gametes. 

	This was discovered by experimentation. Biologists took a population of birds with varying tail lengths and recorded the mating frequencies of that population. They then took the individuals with short tails and attached longer tails to them. They also cut of the longer tails of the original individuals. What they observed was the individuals with the sown on tails had an increase in mating frequency and the individuals with the now short tails decreased in mating frequency. 

This is the concept that female choices could be influenced by things as simple as tail length or as complex as dances and songs and in humans, emotional connection. This is to show the male has the resources (food, water, and fitness) to be able to carry out an impressive display of movement and to impress the female to communicate with her that he is good enough in fitness and gene for her egg. 

Sexual selection by female choice involves the breaching of one of the hardy Weinberg principles because whoever can do the best dance will have more chances of mating with the females. There is also the possibility they will mate with more than one female multiple times.
 
Sexual Selection – Male Competition Combat:
	A good example of male competition occurs in elephant seals. Essentially what happens is, the competition between males is not only a signal to the females about who is fit, but also a signal to other males about who is in charge. If we look at the graphical representation of the number of offsprings males will produce, we see that excess of 80% of males produce 0 offsprings, 5% percent produce 1-10 offsprings, 10% percent produce 11-20, 2.5% produce 41-50 and 2.5% produce 81-100. What this tells us is that there are very few males which are fit enough to mate with the majority of females and that the majority of males don’t even get to mate because they did not exert dominance and thus showed they were inferior to the alpha males. It is interesting to know that the males that have a harem of many females do not generally cross into the other male’s territory and this is maintained by means of combat. 

Sexual Selection – Male competition Sperm Competition:
	A good example of sperm competition occurs in dragonflies and other winged insects. In the mating process, the when male fly finds a female fly he wants to mate with, he will join with the female fly in what is called a copulatory wheel. The male fly holds onto the female by the next via his abdomen and transfers sperm to her by attaching her abdomen to his underside. What is interesting is that prior to depositing his sperm, the male will scrap out any sperm from within her system to ensure that his sperm is the ones that will fertilize her eggs. What is more, the male will keep himself attached to the female in the copulatory wheel to ensure that no other males mates with her and scraps out his sperm until his sperm has migrated and fertilized her eggs. So sperm competition, is essentially deciding whose sperm is more fit on a more “personal” level than female choice.

	It was generally thought that the female has little say in what goes one but it was discovered a few years ago that the female will expel the sperm of the male. During the mating process, the female is passive and lets the male do what he wants but after he leaves, if she does not like his sperm, she will eliminate his sperm from his body and go search for more suitable potentials. Unlike male competition where males are exerting dominance, here the males are competing for the actual delivery of sperm into the female. 

Sexual selection – Make competition Infanticide:
	If a male takes over as the dominant male (recall male competition), the new male will kill of all the offsprings of the previous male. This is called infanticide and this is because the offsprings represents the genetic contributions of the previous male. When the young are killed, the females become reproductively receptive and he mates with the females to ensure that the young within the pride are of his genetic makeup. 
