BIOL 3500 ECOLOGY

LAB 5

Population Modeling

A population model is a mathematical representation of a population.  Population models allow ecologists and preserve managers to determine if rare or keystone populations are endangered, if an invasive exotic population is beginning to explode, and/or determine if an important food or habitat species is threatened.  Using models also allows us to ask questions such as, “How long will it take the population of species x to double?” or “What will the population of species x be in the year 2xxx?”  However, to use a population model one must determine, among other things, which important population parameters to include, the assumptions and constraints of the model, and possible sources of variation that may affect the population.  

The basic discrete time population model is as follows:


N(t + 1) = N(t) + B – D + I – E

Where N(t)  is the population at time t, B and D are the total number of births and deaths, and I and E are the total number of individuals that have immigrated and emigrated.  One can also model population growth rates instead of population numbers using the following basic growth rate equation, which this particular one is for long-lived species:


N(t + 1) = N(t)  s +  N(t)  f

Where births and deaths are represented by survival (s) and fecundities (f).  Combining s + f  into R, where R is the growth rate, results in the following basic exponential growth rate equation:


N(t + 1) = N(t)  R

Where N(t + 1) is the population at t + 1, and N(t)  is the population at time t.  

One might think that more information needs to be included in the model as the population is affected by many different aspects of the ecosystem in which it exists.  However, add too many parameters to the model and it becomes too complex.  More data would need to be collected, thus introducing more sources of error.  A simpler model allows one to approximate the effect of one or few parameters on a population.  One must keep in mind the purpose of a model, “It serves to enhance our understanding of a problem, to state our assumptions explicitly, and to identify what data are missing and what data are most important.” (Akcakaya et al. 1999).  

Populations are not only affected by birth, death, immigration, and emigration rates, but also by the inherent variation that is present in all ecosystems.  Population models that attempt to include variation in the model are called stochastic models.  Deterministic models do not include sources of variation and assume all parameters are constant.  There are many sources of variation such as individual variation, which is variation between individuals within the same population or demographic variation, which is variation in the average chances of survivorship and reproduction. Finally, there is environmental variation, which accounts for unpredictable change in space and time within the environment.  All of this variation carries a level of uncertainty because variation occurs within the sources of variation. 

Sensitivity analysis determines which parameters actually affect the population and which ones do not.  It also allows one to determine both parameter and model uncertainty.  It is considered one of the most valuable tools in quantitative population modeling.   For example, a model may include water quantity and soil texture as parameters that affect population growth.  However, water quantity may affect the population much more than soil texture.  Sensitivity analysis will help ferret out this information, allowing a manager to focus on water quantity as it relates to the population, saving both time and resources.  

There are many different types of models that focus on population characteristics such as, density dependent, age structure, stage structure, and metapopulation structure models.  Age-structured models take into account the affect of age on fecundity.  However, with plants, age does not always determine fecundity.  Usually, reproduction in plants differs according to size.  Stage-structured models allow one to partition the population into classes based on characteristics such as morphology or physiology.  In this lab, we will build a stage-structured model of Dipsacus sylvestris (Teasel).  

Stage-structured models use a modified Leslie matrix, a multiplication matrix, to determine fecundity and survival rates in the varying stages.  Only two transitions occur in the Leslie matrix; an individual can get older and/or reproduce.  In stage-structured matrices, an individual may move on to the next class or stay in the same class.

Here is a diagram of a stage-structure model based on size:
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Here is an example of a stage-structure matrix based on size:
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The classes are large (L), medium (m), small (s), and tiny (t).  The survival rates have subscripts indicating the beginning and ending stage.  Column 1 row 2 contains the survival rate for tiny individuals that will become small individuals.  In rows 3 and 4 of column 1, the survival rate is 0 because a tiny individual cannot jump to a medium or large size.  The last column contains a survival rate for large individuals that will become even larger.  The top row except for the first (beginning) rate, contain fecundity rates.  

Assumptions of stage-structured models:

1- demographic characteristics of individuals are related to their development stage may also include:

2- closed population (no I or E)

3- vital rates are constant (no demographic or environmental stochasticity)

4- vital rates are not density dependent

Aspects of stage-structured models (age-structured models have similar aspects):

Residence time is the average time individuals spend within each stage.  If stochasticity, migration, or density dependence does not occur, then the stable stage distribution can be determined.  The stable stage distribution is the proportion of individuals in each stage in which all initial distributions converge, meaning all stages change at the same rate.  The finite or annual rate of increase (( lambda) is the rate of increase once the population has reached a stable state distribution.  The proportion of offspring an individual produces in a given stage to offspring produced by an individual in the first stage (relative contribution to future population), is called the reproductive value.  

Constraints on stage-structured models:

Because individuals can stay in a stage instead of moving on to the next stage, the sum of a column can exceed 1 (remember values in columns are rates).  Individuals in a given stage can also reproduce vegetatively, further contributing to the stage rate.  In RAMAS( EcoLab, the default constraint imposes a ceiling value of 1 on the column sums.  To prevent this ceiling value, you must check the box “Ignore Constraints” in General Information.

Modeling the perennial Dipasacus sylvestris (Teasel)

(exercise 5.2)

Teasel is a perennial plant found in many disturbed ecosystems.  It is also found in ephemeral habitats.

Objectives:

1- Become familiar with the concepts and steps of modeling plant populations.

2- Build a stage-structured model of a perennial plant.

3- Become familiar with modeling software.

Modeling Instructions:

The time step of the model is 1 year and the stages are:

1- first-year dormant seeds (S1)

2- second-year dormant seeds (S2)

3- small rosettes (R1)

4- medium rosettes (R2)

5- large rosettes (R3)

6- flowering plants (FP)

Stage Matrix:

	
	S1
	S2
	R1
	R2
	R3
	FP

	S1
	0
	0
	0
	0
	0
	322.380

	S2
	0.966
	0
	0
	0
	0
	0

	R1
	0.013
	0.010
	0.125
	0
	0
	3.448

	R2
	0.007
	0
	0.125
	0.238
	0
	30.170

	R3
	0.008
	0
	0
	0.245
	0.167
	0.862

	FP
	0
	0
	0
	0.023
	0.750
	0


There are transitions from flowering plants to first-year dormant seeds, and all three classes of vegetative rosettes.  The transition from flowering plants to rosettes keeps the time step limited to one year as a transition to dormant seed then to rosette takes two years.  This characteristic of the model eliminates the constraint of keeping column sums to less than or equal to one.  

In General Information (model), “Ignore constraints” must be checked.  This matrix was estimated from a study in which each field of the study area was seeded with 3,900 teasel seeds in the winter.  The initial population, in the first stage only, consists of 3,900 individuals.  This experiment lasted for 5 years (duration).

STEPS TO FOLLOW

1-
Draw a diagram of this model.

2-
Enter the model into RAMAS( EcoLab.  Make sure there are 6 stages in the model.  Enter the elements in the Stage matrix.  Make sure you save your model.  In Stage matrix, click “Display” and select each type of graph, to answer the following questions.


a) What is the most abundant stage at the stable stage distribution?


b) Which stage has the highest reproductive value?


c) On average, in which stage do individuals spend the most time?


d) Is the initial distribution similar to the stable distribution?


e) What is the annual rate of increase?


f) Calculate the number of individuals you would expect in the population in one year and in two years, based only on this growth rate, and the initial abundance of 3,900.

3-
Run (simulation) a deterministic simulation for 5 years.  What is the population size in year 2?  How does it compare with your prediction (2f) based only on growth rate?  Why is there a difference?

4-
We do not know the variation in stage matrix elements, so in this exercise we will assume that there is only demographic stochasticity.  Demographic stochasticity is especially important in small populations.  Do you think that this model will give very different results when you add demographic stochasticity?

5-
Run a simulation (using demographic stochasticity) with 1,000 replications.  How do population projections compare to the deterministic projection?

6-
What is the probability that this population will exceed 20,000 individuals (including dormant seeds) anytime within the next 5 years?

Source:

Akcakaya, H.R., Burgman, M.A. and L.R. Ginzburg. 1999. Applied Population Ecology: Principles and Computer Exercises using Ramas( EcoLab.  Sinauer Associeates, Inc. Sunderland, Massachusetts.

Software:

Akcakaya, H.R., Burgman, M.A. and L.R. Ginzburg. Ramas( EcoLab 2.0.  Sinauer Associeates, Inc. Sunderland, Massachusetts.
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