Exam II study guide

*due to the number of specific examples I’ve posted, this review sheet will be much shorter than the last one. I will mostly be pointing you to those examples. 
Population Ecology-

· A population is a group of individuals that can interbreed. Because this is a difficult thing to determine, we often delimit a population to a specific habitat or place. 

· We can determine the number of individuals in a population by performing a “true” complete census, in which we count every individual. Or, we can approximate the population size by taking a sample census. Here we section off an area and take smaller, sample plot counts. Then we multiply the average number of individuals per sample plot by the number of plots that would fit in population’s total range.
· We hope that individuals are uniformly dispersed (that is, evenly spread out) across the area so that our sample plots are very consistent. In this case we would have a mean number of individuals/plot that was highly accurate, with low variance. This would be considered an “overdispersed” population, because they are dispersed more evenly than would be predicted by random dispersion.

· Random dispersion occurs when the mean of the samples is about the same size as the variance.
· In the event that the variance is larger than the mean, we have a case of “clumped” or “aggregated” dispersion. Note: dispersion is different from dispersal. Dispersion describes the distribution of individuals across space, while dispersal refers to the movement of individuals. 
· We use census data to study the health of a population over time and to make predictions about population growth. The most simple way to do this is to use a “discrete” model that calculates population size predictions on a yearly time scale (other time scales can be used as well). Here N(future)= N(past)Rfuture-past 

This can represent any time in history or in the future, so long as “future” dates are more recent than “past” dates. As I’ve previously described, N(2010)= N(2002)R8, where N= the number of individuals (population size) and R is the annual per capita growth rate. See the example on my website. This equation may also appear as Nt+1=NtR or even other forms, but they all say the same thing. We used the Muskox of Alaska as an example in lecture to illustrate this principle. 
· Be sure to review the reasons why this simple model can fail (based on the assumptions it makes). 
· Another thing that we are frequently interested in is the age structure of a population. That is, what proportion of a population is age x. Combined with fecundity values for each age class, we can determine much about the life cycle and general health of a species. This is also part of the example mentioned above, so check that out. 

· Once we have some idea about the age class, we can start to make some general conclusions about the life history of a species by producing “life tables”. I have gone through all of the calculations in the field report 2 example. Be sure to know what the variables are defined as and how to calculate them. It also shows what a survivorship curve looks like.

· If we produce a survivorship curve for one generation (in this case we’ll follow 1000 individuals all starting at age 0 until all of them die), you will see that if roughly conforms to one of three possible shapes. We call this a “cohort life-table”. (see below)
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· A type-I curve says that individuals have a high probability of making it from birth to old age. That is, the survivorship is high and relatively constant for many years. The harsh drop off at old age is death from old age. Species that conform to this curve shape tend to be large mammals that are long lived (though there are exceptions)

· A type-II curve is very unique situation where the organism has an equal probability of dying each year of its life. This produces a “step-wise” diagonal line where you lose the same number of individuals to death at each age class (year). Squirrels are a good example of this type of curve.

· The type-III curve displays a high probability of mortality at the start of the organism life. That is, most of the young die very early on. However, if they do survive that first phase of their life, then their survivorship remains high and constant until death. Any organism that produces many young usually fit this curve. Trees, many invertebrates, amphibians, etc. 
·  This example does not deal with fecundity tables and I will briefly describe this below, but first we should connect the idea of survivorship curves with life history strategies. There is a general overarching pattern for these two attributes, where organisms that display a type-I curve tend to produce very few offspring, but have an increased investment in their survival. The type-III species tend to produce many young, but have little investment in the individual survival of each of them. The curve looks as follows. 

[image: image2.png](punoy jen
seanpord Gunof o 1oq

Probaility of

death




· The take home message here is, if you’re likely to die young you should reproduce early and often or your species will not survive. 

· Now for the fecundity table…it is an extension of the cohort life table.

	x
	lx
	mx
	lxmx

	1
	1
	0
	0

	2
	0.863
	0
	0

	3
	0.778
	0.311
	0.242

	4
	0.694
	0.764
	0.53

	5
	0.61
	0.508
	0.31

	6
	0.526
	0.4
	0.21

	
	
	
	

	
	
	Ro=Σlxmx
	1.292


In this table, x=age class (or year) just like before. lx = the survivorship as before, and the value mx = the fecundity at that age class. Fecundity is basically the probability of reproducing, so you see that the 4 year old females have a 76.4% chance of reproducing. If you multiply lx by mx and sum them you get the “net reproductive rate”. Just as before, an Ro > 1 ( a growing population, an Ro =1 ( is a steady population, and Ro, 1 ( a declining population. We used Loggerhead turtles to illustrate these cohort life tables. Review how this information affected our decision making in terms of the conservation of this species
· We now talk about the spatial structure of a populations and the idea of edge:
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· This diagram was supposed to illustrate the spatial range of population, with the core of the population being the white area in the middle of this oval, and the edge of the population being the dark gray around the perimeter. We can think of a population’s range being determined by either biological or environmental factors. In either case, the “core” of a population will settle on habitat that is optimal and the “edge” will be determined by the limit of what the populations can survive in (meaning that any point outside the oval indicates habitat in which individuals cannot live). All of this is available in the 3-8-07 lecture notes which I’ll be posting. 

· The basic idea is:

Core


Edge

Optimal habitat

poor habitat

High fecundity

low fecundity

Low mortality

high mortality

High emigration

low emigration (but high immigration)

High density

low density

I like to view the above oval on its side as in this graph
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· It’s worth mentioning that there can be density dependent factors in population structure and growth. See the notes from that lecture for specific examples of situation when high or low densities help or harm population growth. 

· I won’t deal with it in much detail here, but core/edge effects are very similar to “source and sink” dynamics where a “source” population is basically has the same characteristics as a “core” and a “sink” has characteristics similar to that of the “edge”. The only differences are that we are now talking about two separate populations and not individuals within one population, and we define the source/sink relationship as one where the source is constantly feeding the sink population new immigrants. The sink only persists because of the source, and without the source, the sink population will not survive. 

· Migration will be defined as dispersal with return to the place of origin.

· Dispersal is movement without return. 

Natal( movement from where you were born to a new location.

Breeding( movement as a breeding adult. 
· in terms of the “when should I migrate?” slide, just know that migrating organisms are just trying to maximize their survivorship by over wintering in warm areas where their food source is plentiful, and then maximize their reproductive output by migrating to mating grounds when their food source becomes available again in those areas.
· Now on to predation:

· Herbivory is a special case of predation

I’ve simply pasted the Herbivory lecture for you to look at:

Special case of predator/prey relationship:

· Plants are sessile and can’t run away

· Herbivory doesn’t always result in the death of the organism

2 types: defoliation and consumption of seeds/fruits

The effect of herbivores on plant fitness runs along a spectrum:

Very bad: spruce budworm causes death of spruce trees (needles are important for photosynthesis) will kill whole swaths of trees

Bad: herbivores can change composition of plants in a region (reduce the fitness of one, other will compete) – can alter the entire assemblage of species

Good: grazing off older leaves stimulates the growth of new leaves &/or new flowers

Very good: Seed/fruit predators can aid in dispersal and scarification (necessary step of seed passing through gut for certain seeds to germinate)

Plant defenses against herbivory:

- Chemical defenses (induced / localized or systemic response)

- Structural defenses (barbs, hairs, thorns, etc.)

- Mimicry (to hide, become less conspicuous)

- Ensure you have enough to satiate your herbivore (see below)

One can make enough seeds for insurance:

1) Attract seed predators to one spot and satiate them with a lot there (and then they’ll go away)

2) Attract seed predators at one time (lots of seeds for a couple days and then they’ll go away)

3) Masting: make seeds available in large quantities randomly though time (many years) – this is good for plants that have long life histories and herbivores that have short ones – can’t evolve to such unpredictable masts.

Herbivores fight back:

Herbivores can metabolize chemicals or eat around them (such quick co-evolution reminds us why there are so many failures with pesticides and herbicides, etc.)

· On the topic of interactions, here is a basic table that describes all possible interactions among any two species. 
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· We should briefly cover the three functional responses of predators to changing prey abundance. 
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* Here we see that in all three cases there is a limit to the rate in which a predator can consume prey


* In type-I the predator cannot eat any more prey (even though more are available) because it is full 



  (satiated). Type-II has a similar response, but this time the reason that the predator cannot eat more



   is because the predator has reached a “handling rate limit” in which it simply cannot eat any faster.



   The type-III is much more rare (and complicated) and can be explained by many possible factors. 

· Competition:
· Now we’ll deal with the ideas we learned earlier in the semester ( niche and competitive exclusion)

· Gause’s Law states that no 2 species can occupy the same niche in the same space at the same time. If such a scenario does occur, one species will out compete the other (resulting in extinction). This was the case with his Paramecium experiment where P. aurelia and P. caudatum had very similar responses to a common prey when they were grown alone. But, when they were grown together P. aurelia drove P. caudatum to extinction in just 6 days. 
· In nature, we seldom see competition among very similar species, but we do see the end result of such events in the form of “Niche Partitioning”. As MacArthur demonstrated with 5 species of warblers, similar species tend to divide habitat resources up to eliminate competition. This often results in “character displacement”. It is graphically summarized below.
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* In this example, the figure on the right shows two similar species trying to utilize the same resource (defined by the area of overlap in the middle). The result is that both species move away from that overlap to eliminate competition. This occurs because the individuals that are competing will have reduced fitness relative to those who are not. Over generations those non-competing individuals produce more offspring the average phenotype (the apex of the curve) of the species moves (displaces). 

* we can predict these sorts of interaction using Lotka-Volterra equations for competition. I have prepared and posted a lengthy description of these equations already and I refer you there. I’ll try to post some parasite notes next so keep an eye out for more study material.

Community ecology- Dr. Joan Ehrenfeld
· Review Gleason’s individualistic concept of community composition

(
· Clements’ superorganism concept of community composition

· 4 types of succession:

· Primary- linear. 

· Secondary- linear.

· Cyclic-

· Mosaic-

· Alternating stable-state-

· Autogenic affects
· Allogenic affects
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