Estimating Population Size
Introduction:

	Ecology is the study of the interactions of organisms and with their environment.  There are biotic (living) components to the environment such as competition and predation, and there are abiotic (nonliving) components such as weather and temperature.  There are many factors that influence how individuals affect each other (and for that matter, the environment as well).  One way that biologists will examine these interactions is through studying population ecology.  Population ecology deals with the dynamics of species populations and how these populations interact among themselves and with the environment.

A population is a group of organisms of the same species that occupy the same geographical area.  An example would be alligators that live in a lake in Florida, or a group of salamanders living in the pond in front of the Flanagan campus.  These animals depend on the environment to live, and may in turn alter the environment.  The carrying capacity of an ecosystem is the total number of organisms that the environment can support.  It may also refer to a specific population.  It is usually expressed on a per-area basis, say the number of grasshoppers per square meter or hectare. This number, also called the population density, has to stay within a certain limit.  If it's too low, the population can't sustain itself. If it exceeds the carrying capacity of the environment it may produce significant (detrimental) changes in the environment, and the environment in turn becomes an unfavorable place for the animals to thrive.  
Under normal conditions, population density is self-regulating: too many animals, and food will become scarce, reproductive rate will go down, and disease will increase; this will naturally decrease the numbers.  Fewer than capacity, more food for everyone, and the reproductive rate will increase.  The numbers will go up.  
To understand how important population size is for appropriate management, take deer in Rhode Island.  Deer are above carrying capacity.  There are about 25000 of them and the estimated carrying capacity is 15000.  Overbrowsing of low wood plants, bushes, and seedlings is one of the consequences.  The long term effect, if not corrected, is that our forests won't be able to regenerated themselves as old plants and trees die off, because the young plants get eaten before they can grow to a large enough size.  The problem is that there aren't enough deer predators any more.  Wolves and mountain lions have been gone from our forests for a long time, and coyotes can't prey on adult deer, though they do take some fawns.  Hunting may help to reduce the numbers of deer to within the carrying capacity of the environment.  To set hunting limits that reduce numbers without harming the population it is essential to know how many deer there are!  
For these reasons, biologists and ecologists put great effort into evaluating the number of individuals living in a particular area.   Since it is impossible to capture/count all of the animals in an area (many of them will hide from humans, and they move around), researchers will commonly take a representative sample and then make estimations of the total based on these numbers.   

Estimating population size: The Lincoln-Petersen Mark-recapture method
Animal population size is difficult to estimate because animals move around and often hide.  This method allows you to estimate the size of a population in a study area with a minimum of two visits, during which you capture, count, and mark a number of individuals. Methods must be repeatable at each collection date, meaning that the collection procedure and protocols must be carried out exactly the same during the two samplings to minimize sampling errors.  For example, if you are working with snails you may subdivide the area into quadrants and collect all the snails in each quadrant.  You must do this same procedure every time you capture animals.

Study the slides in the accompanying Powerpoint to understand how the method works and how the equation below is derived.

Example: Say you want to estimate an unknown population P.  During the first capture, each of the individuals is marked with a unique identifier (e.g., a numbered tag or band, ink spot), and then is released back into the environment.  Their number is M. 
Then a second sampling is made within the same study area at a later period (a few days to weeks depending upon species mobility, reproductive potential, environmental characteristics).  The total number caught in the second visit is n. Some of these animals will bear the mark from the previous visit.  Their number is R.

For instance, say a biologist captures and marks 10 alligators in a swamp.  She returns a week later and captures 15 alligators.  Five of these alligators have paint on their backs, indicating that they are recaptured animals.  Using the formula developed in the Powerpoint:

					 
			P = MC/R  =  10 x 15/5  =  30


Estimating the size of a population: a virtual experiment with tadpoles

Go to the following website (copy and paste in your browser): 

http://virtualbiologylab.org/NetWebHTML_FilesJan2016/PopulationEstimationModel.html
Familiarize yourself with the setup.  As you read this paragraph, play around a few minutes to see what the buttons do and how they change the population conditions.  This Lincoln-Petersen mark-recapture computer model simulates a pond full of tadpoles that swim around randomly, independent of one another. In this virtual experiment you will sample the population by dipping a net into the pond and emptying it into a bucket. At the bottom, the program reports the number of tadpoles in the bucket. At that point, you can mark them, and then release them back into the pond.  You can also sequester them in a holding pen for other experiments, but you won't use this feature here. 
Note that all the tadpoles are released in the center of the pond. You should allow enough time between release and second sampling for the tadpoles to move around and disperse. Once you get the hang of it, doing the runs is fast. Make sure you record data in the tables below as you do each run!

Instructions for experiment:
Objective: You will test how well the mark-recapture model estimates the tadpole population size.  You will do two experiments using two population sizes: medium (100 tadpoles) and large (250 tadpoles).  In each experiment you will vary the number of tadpoles you catch (and mark) by using dip nets of 3 different sizes (small, medium, or large).  
Experiment 1: population size: medium (100 tadpoles)
1. click setup on the top left and set the parameters as follows:
a. pond size: large
b. population: medium
c. net size small
2. Click go.  You should see an orange arrow pointing to the small net and all the parameters as you set them.  If this doesn't happen, click go again; sometimes it takes a while to load.
3. click on dip net on the bottom right.  You will see some tadpoles appear in the bucket. Record this number in the table 
4. click on the mark button under the bucket to mark each tadpole.  Click until they are all marked.
5. Release the marked tadpoles back in the pond by pressing release.
6. Dip the net again.
7. Now record the numbers in the lab report, in the table for the medium population: total marked (first sampling) marked in bucket (second sampling) and total in bucket (second sampling).  Note: if you have no marked in bucket in the second sampling, you need to do another dip (it can happen, especially with the small net.  You cannot get an estimate with zero recaptured because you can't divide by zero!
8. Click unmark all, then click setup and change the net size to medium.  Click go.  Repeat the experiment with the medium net and record the data; then do it again with the large net.

Experiment 2: population size large (250 tadpoles)
1. Click setup and change the population size to large; net small; leave pond size unchanged. Click go.
2. Repeat the experiments as you did for the medium population size, changing net size at each run, and recording the data in the lab report table at the end of each experiment.
Under each data table, calculate the population size and then the estimation error using the formulas from the power point slides. Answer the questions in the lab report.  


LAB REPORT
Data for Medium population size (100 tadpoles)
	
	Trial 1: small net
	Trial 2: medium net
	Trial 3: large net

	Tot. marked in first sampling; M
	
	
	

	Tot. in bucket (second sampling); C
	
	
	

	Marked in bucket (recaptured in second sampling); R
	
	
	



Estimated population size (set up the equation and calculate the estimate for each):
Trial 1 (small net)


Trial 2 (medium net)


Trial 3 (large net)



Estimated error (true populations size=100) (see powerpoint for equation to calculate this)
Trial 1

Trial 2 

Trial 3
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Data for Large population size (250 tadpoles)
	
	Trial 1: small net
	Trial 2: medium net
	Trial 3: large net

	Tot. marked in first sampling; M
	
	
	

	Tot. in bucket (second sampling); C
	
	
	

	Marked in bucket (recaptured in second sampling); R
	
	
	



Estimated population size (set up the equation and calculate the estimate for each):
Trial 1 (small net)


Trial 2 (medium net)


Trial 3 (large net)

Estimated error (true populations size=250) (see powerpoint for equation to calculate this)

Trial 1


Trial 2 


Trial 3

Questions:
Which of the net sizes gives you the best estimate?  Is it different for the two population sizes?  Explain using your results.





Think about the conditions of the virtual experiment (the animal under study, the location, the marking and capturing method).  List all the assumptions of the Lincoln-Petersen method, and under each one explain whether they might or might not be met under those conditions.






There may be many reasons for wanting to know the size of an animal population.  Give two examples.





Would you use this method to estimate a plant population?  Why or why not?






