Population Biology




Populations are groups of one species or taxa, in a particular area, at any given time or times.  It is the basic unit which makes up the biotic component in the study of ecology.  It is also the basic unit in evolutionary biology.  The fate of any population of organisms depends on four factors:
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That is, the change in numbers of the population is dependant on the Births, Deaths, Immigration and Emigration of the individuals in the population.  Births and Immigration add to the population, while Deaths and Emigration decrease the population.

Basic changes in populations can be predicted or ‘modeled’ using simple equations.  For example, the initial growth of a population over time can be predicted using an exponential growth equation:
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Where the population at time ‘t’ is 
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, the initial population is 
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is a constant (its on your calculator) and t is time.  The ‘r’ is the per capita growth rate.  That is, it the change in numbers of individuals divided by how many individuals are in the population.  This growth rate is how fast the population would grow if there the four factors (B, D, I, E) do not change.  This will result in ‘exponential growth’.  

?
You are asked to examine two populations of aardvarks: population 1 is initially made up of twenty two individuals and has a growth rate of .27.  A second population has 15 individuals and a growth rate of .48 (in terms of years).  What are the populations at time 2? Time 5? Why do the populations switch in terms of which is greater?

However, at some point the density of individuals starts to negatively impact the population’s growth.  The growth rate begins to decline: the organisms run out of food, space, light, they become victim of disease, etc.  This will cause ‘r’ to decline, until it reaches the ‘carrying capacity’, or the size of a population that the ecosystems can support.

?
Can a population exceed the carrying capacity of the system?  What is an example?  What are some possible outcomes for this population over time?
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Another aspect of population biology deals with how a population fits into the ecosystem.  For example, how does a population optimizes its fitness.  Some organisms produce many offspring, have a very high initial mortality and then survive to reproduce.  Other organisms (like people) take care of their young, and die of old age.  These two strategies produce a ‘Type I’ and ‘Type III’ survivorship curves, respectively.  Other organisms have a constant mortality at every life stage (birds) produce a ‘Type II’ curve.  The curves are plotted on a log graph below:

?
Give some examples (at least three) of organisms with one of the above curves.  Why do you believe they have that type of survivorship (explain your answer)?

We are going to look at survivorship of a very different type of organism: Soapis bubbilis (soap bubbles).  We will look at survival of three populations of soap bubbles with different sources of mortality (popping). Population 1 will be blown free and allowed to pop on its own.  You will assist Population 2, trying to prevent it from dying.  Population 3 will be introduced with a source of infant mortality (a folder frame), only those bubbles which pass through the frame survive infancy.  Record the data from your three populations in the following tables.  Your instructor will give specific procedures.

( Perform population dynamics experiments
In order to analyze what type of curve your populations’ experience, you will need to graph your data.  We will do two types of graphing: a normal survivorship and a log survivorship table.  If you look at the example above, you will see that the y axis is log transformed.  You will plot your data on both the normal linear graph and the log graph.  Pay careful attention to the numbering.  Each line still represents 1/10 of the distance to the next number.  For example: 2% is still the next division after 1%.  The x axis is still a normal axis with ‘time’ in seconds.  Go ahead a graph of each population the data on the regular graph axis provided.

?
Can you tell the difference between the curves? How is it possible to tell which is a type I curve?
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Next, plot the same data on the semilog graph.  
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Label each figure above with the appropriate information. See Guidelines for Data Presentation.

?
Tell which of your populations is Type I, Type II and Type III

Population 1:


Population 2:


Population 3:

Extension Questions: 

1. Since the 1960s, the human population has been steadily expanding.  Though ‘r’ is decreasing with people having fewer offspring, we may yet overshoot our carrying capacity.  What would happen to our population?  Give some examples.  What part of the carrying capacity most affects people?

2. It’s the year 2525, and the human race can travel quickly and easily between the stars and planets. While out exploring the universe one day, you discover a new planet that is essentially identical to Earth, except the planet has no humans, cities, or constructs of any kind. Otherwise, the planet has all the same wildlife, plants, geographical features, and climate. A few years later, your superiors tell you that they have found many thousands of volunteers who are eager to inhabit this new planet. It is your job to organize the initial colonization of this new planet. Where on this “earth” would you start your colony? Why have you chosen your particular location? Would you colonize in several different locations or just one? What factors entered into your decision? What kind of age structure and sex ratio would you want to start with? Why? What is likely to happen to the human population once it becomes established in your location? What kind of growth and growth rate will the new population exhibit? After several years, how will its growth rate, survivorship, and age structure change? 

3. After constructing a life table for a particular population, you discover that the population has low juvenile survivorship, but high survivorship of older individuals. State the type of survivorship curve that will most likely result once this data is graphed AND then give an example of an organism that exhibits this type of curve.

Table for Population 1:


Bubbles dying at this age:
Bubbles surviving at this age:

Age at Death (s):
(hash marks)
Total
Number
Percentage
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percentage surviving to this age = (number surviving at age/50) x 100

Table for Population 2:


Bubbles dying at this age:
Bubbles surviving at this age:

Age at Death (s):
(hash marks)
Total
Number
Percentage
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percentage surviving to this age = (number surviving at age/50) x 100

Table for Population 3:


Bubbles dying at this age:
Bubbles surviving at this age:

Age at Death (s):
(hash marks)
Total
Number
Percentage
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percentage surviving to this age = (number surviving at age/50) x 100
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