

*****************************************
INSTR. HAYLEY KELLAM: Hello everyone. I'm going to pass out quizzes.
You only need a pen or pencil. Grab one pass it down. For question 1 the question is define each term in that particular equation. What I'm asking for is what do the letters mean. There's between 1 or three words that you can describe what that letter represents. That is what I'm asking for for those three. Two more minutes. Finish up whichever text you are working on and pass them down this way.
Let's discuss the results. So you didn't need a calculator for today you did need to know what the calculation is used for. The first one is R this is your response to selection. How the population will change which is dependent on H heritability technically narrow sense heritability but heritability is fine. S is the strength of selection. Note not the selection co-efficient narrow sense heritability tells us a proportion of variation in trait is due to variation in Va.
STUDENT: [Inaudible].
INSTR. HAYLEY KELLAM: I'm going to double-check that. I think I use those two terms interchangeable.
STUDENT: What about if you defined each term in a sentence.
INSTR. HAYLEY KELLAM: As long as it is correct that should be fine. STUDENT: What if I had the name wrong but I defined it correctly.
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INSTR. HAYLEY KELLAM: Then you'll get docked. STUDENT: [Inaudible].
INSTR. HAYLEY KELLAM: I will double-check. If I'm marking someone according to that I'll mark everyone. By me I mean Jeffery.
STUDENT: I wrote it down as additive I marked additive and environment since it's based on the proportion of additive versus environment does that work or not.
INSTR. HAYLEY KELLAM: Probably half. The problem is both narrow sense and broad sense take into account environment the only thing is that is changing is whether or not we are looking at additive versus total change. All right here we are looking at examples of different types of adaptation. Fiduciary raw plants we are looking at the facts they got pollinated then it took four days for the pollen tube to grow down which is a physical limitation. Example of fiscal constraint with the case of mammal nerves, this is due to the fact that back in the day back in phylogeny there was a time when there was no neck, the most direct route was underneath the aorta this is historically was selected for but is no longer the cases in phyletic example.
Heritability is expected to be higher comparable or lower we expect in the lab versus the wild in the wild we have a higher violation is environment so Ve is higher outside and lower in the lab because this is infraction results in a higher hair ability in the lab than you see in



the lab. This one here novel application of this idea of file low genetically independent constraints the idea is from this points if we assume there's average trait which one supports the idea that longer wing length is correlated with larger nest size. These will be the same. Any questions on the first page.
On to the second page. What is QTL stand for. Means RR quantitative trait Loci. Last question we are looking at is directional stabilizing or disruptive? If it was directional what this means is individuals with one extreme or the other would have more selective advantage. So what we'd see is the average, the mean of the trait would change. It's not directional. If it's stabilizing what that mean social security those in the middle that have the mean of that trait have a higher fitness than those in the extremes we would expect a narrowing of the distribution. What we actually see there's a broadening of the distribution so the trait mean is not changing so this is disruptive when we talk about fitness functions and here I wanted you to just show me the general shape that those shows on the extremes have higher fitnesses those near the mean have lower fitness some sort of shape like this is fine. Any questions on that?
If anything comes up please come see me.
Today is one of my favourite lectures because it means that I get to wear my bird outfit because we are being



to be talking about eggs. We are going to be talking about production of young. So last week for those of you who were here we introduced you to the idea of life history theory and life history analysis which is basically the study and breakdown of all of the fact fors for the when, how, of reproduction. We did a kind of a deep dive into longevity now we are going to do a deep dive into offspring number and size and we talk about sexual selection we'll talk about sex ratios and parenting. Quick review we talked about the rate of living theory which is this idea of accumulation of damage is what causes aging. This is not necessarily supported by the data. There's other subsequent theories that try to explain why we age. One is the prevention of damage we talked about telomeres and how this applies in certain cells and not all. The idea of the evolutionary theory of aging which as we can tell have the most support for this theory which is lack of complete repair, the accumulation of mutations which causes aging over time. And this can be explained by two different hypothesis, one is the deleterious... the other is at ...	One means that aging occurs due to drift. The other supposes this happens primarily due to selection. So the difference here is with deleterious mutations you have these nearly neutral mutations appearing in the population and it can cause premature senescence dying of the organism but later in live. Not many



organisms will actually experience that cost of the mutation so you end up effectively having a very small population size of individuals that are old enough to pay that cost. So they can just increase in the population the Antagonistic Pleiotropic Hypothesis is the idea that you have a mutation is ply topic it confers some sort of benefit earlier on but at a later cost you can have that selective benefit early on by worth the price later. Quick example of this understanding Antagonistic Pleiotropic Hypothesis, I offer you a deal. I will give you $100 today but if you survive to the age of 110 you owe me a grand. How many of you are taking this deal. I probably won't be alive for that. Now, was it interesting most of you did not put of your happen handful most of you plan to make it to 110. Let's do the platform party on this. If we were actually going to do some kind of cost benefit analysis on whether or not you would take the deal. So your probability of getting the money and not paying the cost sorry to tell you is about 98 percent.
So of everyone in the room probably all of us except for one will lose the bet and owing me a grand. Obviously I'm not handing you $100 right now it would not be a good bet for me to make. Your probability of getting the money and paying the cost is going to be 2 percent and you'll end up losing
$900. So if you do the comparison your chance of getting 100 bucks your chance of owing me 900 on average by taking the



deal you benefit 80 bucks so this is an example of a deal that is worth it. Gives you some sort of smaller benefit early on but for a larger cost later in life which most of you won't end up paying. Make sense?
So today we are going to do more of what happens we talked about death last class. Today we are going to be talking about reproduction. In. ..looking at litters how many litters you have how many times you reproduce, how many offspring and what size they are.
Now, this is generally studied in birds. So most life history evolutionary biologists tend to be bird.
There's a couple that work at SFU that do this exact type of research and there was a hypothesis built around them in 1947 by a guy named David lack and his basic idea is that you can model optimum clutch size. So the ideal number of eggs to have if you are a bird. Now, this is based on the idea that there's a couple of things at play. One when you are reproducing you only have X amount of resources to put into making eggs. So you can either split that up, that piece of the pie into smaller slices and have more smaller eggs or you can have fewer larger eggs. Now, the thing to know about making smaller eggs is you are giving them less resources so that means they are less likely to survive. So there is a trade-off between how many you have, how big they are, how likely they are to reproduce. So say you model something



like this. As your clutch size goes up, probability of survival goes down. Because the size of eggs is also decreasing. So you can have a bunch of really small eggs but by the time you get to having ten of them all of them are too small to be viable at all or you can have one egg that has a pretty good 90 percent chance of survival. Then you can look at based on these models what would be your lifetime reproductive success. Sure it's great to have one egg that has a 90 percent chance of making it but then you are only passing on with one egg like 90 percent of your allele statistically but half because the cost of sex but if you have two obviously slightly less chance this they will make it but now you have two, you are rolling the dice twice. So there end up being this kind of maximum point at around 5 where if you have 5 eggs that are smaller in size they have a slightly less chance for producing but you are rolling the dice 5 times. These are the types of models we end up finding. This is Lack's hypothesis. When we actually try to see if paced on all the modelling we do do birds actually obey the idea that they should have X amount of eggs. Not necessarily. So in 1987 two researchers looked at gathered
20 years worth of data they looked at thousands and thousands of clutches of eggs and they tried to figure out are birds actually maximizing these numbers of eggs based on the models that we have for Lack's hypothesis. Now, if you look at the



frequency so how many you have versus clutch size they figured out that roughly the amount of young per clutch that you see averagely produced, that is the number in the bar, is around 8 so on average birds have about 8 young per clutch but if you run Lack's hypothesis what would be the optimum that you would have want to produce to maximize survival?
They should be having about 12. So the bar on the blue bar on the side is Lack's hypothesis. So there's a discrepancy between what we find out ideally if you want to maximize reproduction how much you should have and how many they are actually he reproducing. Which probably means our model is not accounting for something. That is that we assume there is no trade-off between this year's performance and subsequent year's performances. We are thinking about optimizing just this year's eggs at all cost that doesn't take into account the fact that these birds lay year after year. So if you throw absolutely all your resources at one clutch that may impact your ability to produce the next year. It also may impact your chance of surviving as a parent. So if you actually look at some research you can artificially modify clutch size. This is what makes birds really great is their eggs are pretty Hardy what you do is you have control broods regular nests and you measure how many of them are raised, do the parents survive to the next breeding season and you can calculate the total reproductive success and you



can experimentally modify how many are in the nest you take a reduced one take eggs out of one nest and drop to another nest. Now you have increased group where they have more eggs than they internationally produced reduced one where they have less. And you can see the impact that has on their parenting. So you have the number of broods your N sample size, mean change in clutch size so they stole on average about 2, added about 2 and a half egg toss the increased group. The number of individuals that raised 2 versus 3 and a third versus 5 or 6, what you'll note here is parenting is hard. So those that had less eggs to take care of two thirds of them made it to the next season. .6 made it in the control but only .43 made it when they had the additional burden of additional eggs had is going to have an impact on parental fitness you are only concerned with total amount of fitness. So your ability to reproduce and your ability to survive those two things are interwoven when he talk about multiple reproduction cycles so you can see that even though these birds are producing less eggs than they should, this is because they are maximizing total reproductive success over the lifetime. So if they have slightly more or slightly less eggs it is worse than if they have the amount that they do which is in this case around 3 or 4 per year.
Now, the other thing that we are not taking into account besides parental survival is that we also don't take



into account other aspects when it comes to reproductive fitness. You survive, you reproduce but then how likely and how well are your offspring then reproducing. Because that fitness gets passed down to the next generation. So you can look at -- if you manipulate how many offspring are in a clutch of eggs what cost does that have on a daughter birds ability to then reproduce in the next generation. So if you have your control here with zero you don't mess with anything, you can see that on average individuals will produce or offspring will produce about 5.7 eggs in their first nest. If you make the number of eggs smaller then what end up happen something each bird gets fed more, they get bigger which means they are able to produce more eggs when they make their first clutch. So you see an increase in the amount of clutch size in those individuals and if you add more eggs to the clutch, you have the same amount of resources, same amount of parental effort in gathering, less food, smaller birds, and therefore the daughters will produce less eggs.
So this may account for why we see this discrepancy between Lack's hypothesis and real world data.
Now, the other thing is to look at timing. With these birds how long do they wait before reproducing. So there's data looking at what happens and how many eggs you can produce if you start reproducing year 1 versus if you



wait until year 2. If you wait until year 2 you are bigger, have more resources and so you can see the numbers on the dot are the sample size how many nests they had. And then you can see that if you wait another year, you can produce more eggs. So in this case how long it takes until you reach sexual maturity until you start producing eggs will also have an impact on fitness. And it's another thing that you are balancing in these models.
The other thing is again tried to add more eggs to the bird's nests and saw what impact that would have on the longer term production of eggs. So in this case the red line is the birds where they added more eggs and they saw that it took such a toll on them that these birds then produced less eggs in future clutches.
Now, if you look at general fitness trends which was done in 1992 there's a huge review paper looking at clutch sizes where they artificially increased or decreased it.
There was 55 bird biologists love doing this. I feel like I should have this lesson during Easter but it's too late.
They found noted productions in four fitness factors. One was fledgling weight. How big the baby birds are, survivability of fledglings to next season how do they actually make it to one year in age. The weight of the parents at the end of them actually releasing their young, and survival of parents, how long they actually survive until



the next breeding season. So based on the numbers we would see with Lack's hypothesis the actual values we see should be smaller because of these additional fitness costs the fact we are not taking into account lifetime reproductive success.
Now, when we talk about fecundity which is the measurement of how many offspring you are producing, you can make fewer number of large offspring or make less -- fewer NOM of large offspring or make more little offspring. Some out there examples of this is if you look at orchids they make about 10 billion seeds per fruit and each of them are dust specs which if any of you are into orchid breeding it's horrible because you have to because there's basically no endosperm no resources within the actual seeds they depend on a beneficial relationship between a bunch of different microbes like fungi so you have to grow the orchid seeds with fungi in order for them to feed them they do this because later in life they grow in the orchid roof r roots and get a sugar kickback. We'll get into cooperation later in term.
Coconuts do complete opposite they are making very large coconuts they only make 12 per year even though they are orders of magnitude larger than an orchid. Oysters release about 10 million eggs just into the ocean and they are about
50 micro metres in diameter. Clams on the other hand you would assume very similar to oysters but they make a totally different decision, they only release 100 eggs per year and



blue whales they go all in on one. On average blue whales will have one the size of an elephant. What is the optimum compromise between size and number. We can model these examine representations for what would offer the best fitness for these individuals. So if we look at your number of offspring and size of offspring here is a model where we assume 10 is the unit you have. We can make 10 of size 1 or
1 offspring of size 10 or 5 offspring of size 2. You can cut that up however you like. You can look at survival probabilities how likely or each of these to survive with
90 percent if you make one big size 10 organism going back to zero if you opt for individual size 1s. And then again you have this clutch size. Now, something to consider with these fitness calculations is that this is also dependent on variations within the environment. Resources how much food you have will impact obviously survival but it will also impact the shape of this graph. If suddenly you have more resources, suddenly these calculations change.
This relationship tends to be similar across different groups so if we look at relative clutch size versus egg volume within fish you can see negative correlation you have more offspring smaller, you can see the same thing in everyone's favourite fruit flies as well. The more eggs you have, the smaller they will be.
Interesting example of this was done in BC looking at



hatchery salmon. So one of the main conservation methods for salmon in British Columbia are hatcheries. The idea here is that you have a hatchery, you raise young salmon, you release them into the local rivers, they will then go spawn live their lives in the ocean they'll come back up the river, you catch them, you raise their young again in these hatcheries. The idea here is that when they are really young that is when they are most vulnerable you have higher levels of die off so we can artificially increase their populations by protecting them during this point in their life when they are very vulnerable then we can increase salmon populations within the wild.
So this is what is done in British Columbia. Within many rivers across BC and this was looking at the impact of this conservation on fish species on Vancouver Island. So they were studying this in the 80s and 90s they were noticing that there was a trend in the fish that they were raising within the hatcheries. Which is that if you look here, this is egg mass, so from the 80s to the 2000s eggs were getting smaller. So females were producing smaller eggs. So there was some evolution change of allele that it was becoming beneficial potentially for female toss produce smaller eggs. The thought here was that if you are growing young in a hatchery environment there's less predation so the fitness of egg size changes in the hatchery versus the wild. In the



wild you need to make bigger eggs so that they mature faster have more resources to outrun predators but in a protected hatchery this pressure goes away. Now you can produce more he cans that are smaller and still have them survive. What they did is calculated a bunch of models for maternal fitness within the hatchery and the line in the middle is the average of those models and the then you have your confidence intervals on either side. They found within the hatchery environment, females actually had higher fitness if they started producing smaller eggs so there was a selection pressure toward smaller eggs production. This is what they saw in the data.
Now, if you look at data looking at mean egg mass, you can build this based on the fact that as eggs get bigger obviously they survive better and then how many eggs you can produce based on how large they are.
Now, the reason this is important is that there was a selected pressure within the hatchery but then you are releasing these salmon eggs to the wild which will then based on the fact that the wild has different selective pressures than the hatcheries will impact their wild fitness advantage. What they did is they looked at four different rivers on Vancouver Island and saw in the same kind of time span how were egg environments in the wild changing. So you have four different rivers all of them have some of amount of hatchery



fish being released into them but to different degrees. So the Nahmint river only has 4 percent of salmon coming from hatchery, whereas Nanaimo river 19, Quinsam river 43 and Robertson Creek 28. What is interesting if you look at the two on the bottom which have the highest proportion of these hatchery salmon, don't get thrown off by the Y axis. You are not looking at the fact that the nah mint river is way higher than this one they all have their own Y axis. So what you are basically looking for is whether or not there's a change in the trends. So both of the ones in the top that have a lower proportion of these hatchery fish roughly it's going up and down, natural continuous infrastructure exchangers but egg size is staying about the same. In the individuals where you have this high influx of hatchery fish egg size is going down. Both in the Robertson Creek and Quinsam River. This is due to the fact of migration. You have alleles within a population of hatchery fish and the population is evolving because you are integrating through gene flow those alleles for smaller egg sizes into the population.
This is a problem for conservation because if the point of this is to help bolster natural populations now you have a problem where you are making these wild populations weaker. So again a trade-off within conservation you need to consider.
Another thing we see within egg size is that there



does seem to be often some degree of phenotypic plasticity. Again this is idea that in different environments these genes which indicate different things like egg size can change.
The genes don't change, the actual phenotypic plasticity does. An example is looking at these particular seed beetles who lay their young within these seeds and they are generalists so they have been found to produce seeds on over
50 different species. The things with generalists is there's go going to be good and bad hosts. Depending on the particular enzymes they have to break down different types of starch, young will do better on one seed type than the other seed type. So these researchers wanted to look at how they compared when they laid on a good host Acacia versus a poor host Palo Verde. What they saw that females seem to be make ago choice when they are laying eggs. If you give them a good host for example the Acacia, they will choose to make smaller eggs and produce more of them. So they will put smaller individuals into the seed. If you give them a poor host they will choose to make larger eggs and less of them. And this is due to the fact that if you look at the survival probability they don't need to be that big on a good host to have good odds of surviving they only need to be about 4 or 3 in whatever these units are. Compared to they need to be closer to as big as you can get them on these poorer hosts. And then if you look at your fitness achieved throughout life



system you can see that there's different thing that is you are optimizing for if you are laying on a good host versus a bad host. So what you see is that if you look at what they actually do, so you don't model it you look at actual size of eggs, those that are laying on poor hosts will make larger eggs than those that are laying on good hosts. What is interesting is they can change throughout their lifetime. If you give them a good host and later give them a poor host they will change what size of host they are laying accordingly. All right so we'll go through the rest of this on Friday. Enjoy the rest of your Wednesday.
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