February 26th Principles of Ecology notes:

-recall that the Musk Ox was in 1936. 
-So, how do we model populations (like Musk Ox) over time?
-From a conceptual view, we can think of population size being affected by several factors (see figure).
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Or, more appropriately…
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In the second case, the number of births is determined by the number of individuals in a population. 

· We can mathematically approximate these dynamics  as follows:
Nt+1= Nt + births – deaths + immigration – emigration

= Nt [f + s]    where Nt= population size at a known time (past or present) and Nt+1 = population size at a one time interval later than Nt
and f = fecundity (per capita reproduction at a given age)

and s = survivorship (per capita death at a given age), this should be a negative number

· for the time being we will not consider migration at all

· if we combine f and s we get R, which is the per capita growth rate
· so now we have Nt+1= NtR

· the general equation will look like Nt= N(0)Rt where Nt is now population size at a future date, N(0) is the population size at the last census date, and Rt is the per capita growth rate raised to the number of years separating the two times. For example, Rt for N(1995)=N(1990)Rt will be R5 because the difference is 5 years. 

· I should note that for our purposes, R is equivalent to the λ used in Smith and Smith.

· Now, if R is greater than 1 we have a growing population. An R=1 is a steady population, and R<1 is a population that will shrink over time. 
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· We can adjust the above equation to solve for R, if it’s not known. 

now R= [Nx/Nx-1]1/(x – (x-1))
This is slightly different from the equation produced in lecture so let me explain. This equation says that the annual growth rate is equal to the present census population size divided by the population size of previous census, and raised to the inverse of the number of years between the present and previous census. 
· The way that most population modelers check the accuracy of their model (like the equation above) is to test it out on a known data set. You partition the first several years of known data and build your explanatory model on those numbers. Then, you take the second partition of your known data and see if solving for the new population size actually yields an N that’s close to the actual known value. 
· The simple model provided above is called the Geometric Growth Model, and it tends to work well so long as the following conditions are met:

1) There is no variation caused by the environment at any data point.

2) Populations can be described as real numbers, and are not considered discrete (like 1, 2, 3, …). This means you can use some decimal part of an individual in you calculations. For example, you obviously cannot have 2.37 people, you either have 2 or 3. But, in this equation we will consider the value 2.37 in solving for any particular variable. 

3) Populations grow or decline in a geometric manor (that is, families in 1950 wouldn’t suddenly go from having 2.4 children to having 4.4. At that point we need an accelerating growth equation.

4) Births and deaths are independent of age or other demographics

5) Everybody has an equal probability of mating with anyone else. 

6) Birth and death is not continuous, but can be captured by surveying once a year (as a discrete number). 

· Now let’s look at age structuring in human populations. 
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Here we see that most of the population in Afghanistan is composed of 0-20 yr old people, with a steep decline each following year (this figure is not perfect and you should consult you packet for the original). You see that there appears to be relatively consistent proportions of people aging 0-60 with a sharp decline in the number of people older than 60. This could indicate two things: 1) that the birth rates are very high in Afghanistan and almost 1 in the US. 2) that there is a constant and relatively high mortality rate in Afghanistan, and a constant and relatively low mortality rate in the US. That is, if you make it to 20 in the US, you are likely to make it to 60. We will work much more with the idea of changes in the birth and death rates at different age classes on Thursday (next lecture- March 1st).
