Lecture 5 Population Ecology 1

Slide 1
This session will begin to look at population ecology and how to understand their characteristics and the dynamics.

Slide 2
The learning outcomes for this session are to define the concept of a population, to understand and describe aspects of population structure, be able to define density, dispersion, carrying capacity and demography, understand the difference between k and r selection and to be able to label a survivorship curve.

Slide 3
As we discussed in lecture two a population is all the organisms of the same group or species in an area and are capable of reproducing. I will expand on this definition by saying that the breeding must result in live young that can breed on their own. This is important because donkeys and horses can breed and create a mule. Mules are sterile, so those horses and donkeys together, do not constitute a population.
When we conduct scientific experiments on populations, we cannot test all individuals, it is too expensive and time consuming. Therefore, we take a sample. We'll get on to sampling more later in the course, but for now I'll just say that you would take a representative subset of the population so that your results would be as true to the actual population as possible.
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Population ecology can be divided into population characteristics or structure and population processes or dynamics. In this lecture we’ll talk about structure, in the second, we'll talk more about processes. We can derive population characteristics from the characteristics of individuals. We can also derive population processes from the processes individuals show, however, often, you can't just add together every individual because the population effects might be greater than the sum of its parts. This is termed emergent properties.
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When we talk about population size or the number of individuals in a population, we use the letter N. This is useful for presenting equations and describing how many samples you took in your experiment if we are taking a sample of a population. We use the lowercase letter n.
The size of the population is important for survival and performance. Large populations can be a very good thing. They will have increased genetic variability and this can mean the predators will not be able to kill the entire population. It could also mean that if a disease affects them at least some individuals may be able to survive on a probability basis. However, large populations can also lead to overcrowding and the problems associated with that, including overuse of resources and increase spread of disease among closely packed individuals.
On the other side we can consider lower populations for each species we can identify the minimum viable population, which has been defined as the minimum number of individuals that are sufficient to sustain a 99% probability of population persistence in 100 years’ time. So keeping the population at a similar level, despite hazards such as inbreeding depression, disease and predation. These numbers are critical for organizations such as the IUCN to decide how to allocate conservation resources and the threshold numbers for a population.
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There are various ways to measure population size. These mainly depend on the life habit of the organism of interest.
Sessile organisms are fairly easy. We can use a quadrat, which is a square marker of known size like one meter by one meter. You can either have a fixed quadrat where you may measure a number of times a year and count individuals or estimate percentage cover. Or if it is for a single sampling effort, you can randomly place the quadrat in many different locations to improve the accuracy and precision of your results.
We can also use a transect, which is a line on a gradient, where we can sample at either fixed or random points. So if we were interested in the density of pine trees as you go up a mountain, for example, you could measure the distance of each nearest pine tree from your line. If the distances got bigger as you went up the mountain, you would gain understanding that there are fewer trees at high altitudes.
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Mobile organisms, by contrast, can be a bit more difficult. They can be very hard to catch or come out at only inconvenient times like in the middle of the night. Also sometimes they bite! However, there are many techniques to attempt to count more mobile organisms, including camera trapping.
I'm going to talk about mark recapture, which means you make a sampling effort, such as netting or traps. Then you mark all the animals you capture with a colour or a number. A number is useful if you want to measure parameters like weight or size over lots of sampling efforts. So you can see how the organism changes in this very simple equation that you can see how you can obtain an estimate of population size.
However, there are assumptions to the method, which means that the results should be taken with caution. The method assumes the population is closed and remains the same size for both sampling attempts. It also assumes that the population mixes randomly, so you hope that you haven't just sampled particularly friendly animals. Finally, the mark you make on the animal must not alter or reduce their ability to feed grow survive or reproduce. So it needs to be as weightless as possible and not make it obvious to predators or unappealing to potential mates.
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There are potential problems with counting individuals and populations and one issue could be that your individual isn’t really an individual at all. It could be a modular organism. This means that when the zygote s formed from the union of a male and a female gamete, that instead of just growing up into a single organism, like a person or a tree, it creates clones of itself and becomes one organism with all cells, the same. This means that all cells can perform all functions that the organism needs.
Examples include corals and sponges. With plants, a lot of plants can reproduce vegetatively, which is a similar situation. In this case, each separate clone or ramet can survive alone if the rest of the plant dies.
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Density is an important concept in ecology, because it is concerned with how many individuals live in an area. If the density is low there will be few individuals in an area. If it is high, there will be many. In this equation, you can see that it is very simple. You divide the number of individuals by the unit area you found them in. I've put square kilometre, but you might find it more appropriate to express as centimetres or millimetres squared.
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Dispersion described to the patterns that individuals form in space and time. There are three main types: uniform, random and clustered.
Uniform distributions occur when the individuals are generally evenly spaced. This happens when either they tend to avoid each other like penguins, or that survival is reduced if they stay too close together. Trees do this often. They give so much shade the seedlings tend to die if they germinate too close to the parent tree.
Random patterns mean there is an equal probability that an individual can be found at any point in the area. This tends to occur when individuals have no control over where they live. It is most often seen in plants. A good example could be plants where birds eat the fruit and distribute the seeds. The resulting seed deposit is entirely random
A clumped or clustered distribution occurs when individuals have a tendency to group closely together for warmth, to hunt together or to have safety in numbers. Clustered distributions of individuals can also occur if resources are also clustered in space. We can see clustering in space by dolphins, who often hunt together or by herds of ungulates like wildebeest who cluster for safety. We can also see clustering and time and reading groups who will keep the young close but will chase them away when they are mature enough to live independently. Lions are a good example.
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Carrying capacity is the term used to describe the maximum number of individuals an area can support of one species. This number is important for introducing realism into population calculations, especially when making predictions for growth over time. It is a hypothetical maximum and does not take into account environmental fluctuations or other characteristics of the population itself, such as sex ratio or competition. A population would move into an area and increase until the carrying capacity was met where the area could not support more individuals, and the population size would plateau and become stable. In practice there is often a lot of fluctuation around the capacity, the carrying capacity before it stabilizes.
In this graph, we see that the population increases over time very rapidly before flattening at carrying capacity.
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Dispersal describes how organisms spread through the environment to find new places to live.
Immigration to an area and emigration from an area should be approximately equal but often there are large fluctuations in time.
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Migration is the movement of large numbers of species from one location to another. Migration can take place on a daily basis. For example, birds and bats leave their roosts and crabs follow the tides and search for food.
Seasonal migration occurs when the location of food changes or temperature changes mean that the organism must move to survive. Famous examples include the wildebeest in Africa. Salmon are also a good example as they travel long distances from the ocean up to the head of rivers to breed.
The number of times the population migrates depends on the reason for its travel: if it is diurnal then it will move every day of its life to patches of resources, then back to the home roost. Seasonal migration could take place every year to find summer food patches.
Some species, make a journey once such as salmon. By traveling up river for many hundreds of miles, it will exhaust all of its resources. By the time it arrives, it will spawn, which is to lay eggs and die.
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Now we will move on to talk about demography, which is the study of changes in the size and structure of populations. I've just included some graphs here that show differences between human populations of different countries in 2020. It is the same principle, however, for animals and plants. It's just that that humans are easier to measure as there is a lot of available data.
The x axis which is the vertical, represents age classes, and the y axis along the bottom is the number of individuals. We can see on the left in Myanmar, that there are more women than men in the 25 to 29th age bracket. We can also see the births are decreasing, which may lead to stabilising population numbers. We can compare this with other countries. On the right we have Nigeria and Italy. These have not been divided by sex like Myanmar data. We can see that Nigeria has a very young population. And steady decrease as people get older. By contrast, Italy has most people aged between 45 and 60. They would have been born between 1960 and 1975. It is thought that this increase is due to an improvement and living conditions after the Second World War. Italy has the oldest population in Europe.
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There is a simple calculation to determine the change in population size. I’ve put a link here to the demography of Myanmar there's lots of interesting information, if you'd like to take a look.
So when we measure changes in population size we look at the population size. Now, and we compare it to earlier, the population size at a given point of history. Then we looked at all the births or the immigration and all the deaths and all the emigration to get our total.

Slide 16
Reproductive rate is one key factor in population ecology. Some organisms reproduce once some many times. This doesn't actually depend on the amount of time an organism lives if we're looking for general rules. There are annual plants that can seed more than once a year, while they are also plants like this Agave in the photograph that live many years but put all their resources into one big explosive reproduction event. And then they die straight away.
We can divide these strategies into semelparous, which is one reproductive event, and iteroparous, which has many events. Semelparous organisms include salmon which we looked at in the migration slide, and many insects and spiders. Some organisms also reproduce at the same time, which is called synchronous semelparity. This can confer an advantage to survival. There may be safety from herbivory or predation in large numbers, but the offspring may suffer through competition for resources.
Iteroparity is when an organism reproduces more than once, depending on the organism. These events might take place at a certain time of year or may overlap.

Slide 17
 MacArthur and Wilson offered a concept of selection type in 1967. It was later refined by Pianka in 1970. They suggested the organisms could be r selected which means rapid growth, lots of reproduction and highly unstable environment. Or K selected, which means a few large offspring that need a lot of parental care and will grow very slowly. The types of organisms that might appear in a very environmentally unstable habitat like a rocky shore might be r selected. Their strategy is to flood the environment with offspring to enhance the probability that some will survive. By contrast, a K selected habitat could be very stable and uniform in terms of conditions and would favour K selected individuals that could be confident in raising dependent offspring to adulthood. In reality, organisms tend to be somewhere on a spectrum between these two strategies.

Slide 18
So here I've shown organisms that are on this continuum. You can see that chimpanzees like humans, reproduce relatively seldom and so they have a few offspring that they look after, whereas oysters just flood the area with 500 million offspring every year. This is likely to be due to harsh conditions and high predation. So they need to increase the probability that something will survive. See here looking at our previous graph and looked at carrying capacity and we can see that a more realistic growth curve when r or K selection are considered. And what we see is that K selected species tend to increase steadily up to the carrying capacity and then stabilize with low fluctuation. Whereas r selected species because of the randomness and stochasticity of survival, they tend to fluctuate hugely around carrying capacity. Here we can see a survival shaped curve on the right as well. And this just illustrates again the way that we can categorize organisms. So type one equates to the K selection, where you see the percentage of maximum lifespan on the y axis at the bottom and the number of survivors at the top. And so for type one, you can see that the death rate is quite low through childhood and then it increases rapidly as you get older. So this is approximately what you see in the human race or chimpanzees and so on. So, the parents take good care of the offspring until they are able to leave the nest.
Then we have Type two where your probability of surviving at any given lifespan and so age is approximately the same. So they've used rabbits here in this example, presumably because predation is quite high and they do have a fair amount of parental care, but they could be picked off by predators at any point in their life span.
The third type is the much more r selected type. And again, fish and sea life are quite good examples of this, because they do tend to follow this strategy where they have millions or hundreds of thousands of offspring, but most of them do not survive infancy. And so you see this big drop very early in life. And then quite often a few survive to adulthood, which is the steep drop and then the flattening off of the bottom level. These are the three basic types of survival shaped curve. And again, most organisms will tend to fall at some point in that shape.
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So in summary, we've talked about a number of ways that you can look at population structure. We've looked at density. We've looked at age distribution. We haven't really looked at sex ratio because that's quite difficult to quantify, and we've also looked at spatial distribution. So we can say that population size is limited by carrying capacity and we'll be doing a few examples of this and thinking about the way that different organisms have been limited by the carrying capacity and reasons why carrying capacity might exist. And I hope I've illustrated that we can use a range of measures to determine the size and structure of a population.


Reading

Chapter 4 Begon
[bookmark: _GoBack]Bird survey papers- pay special attention to the sampling methods.
