Bonine and Hulsof ECOL 406L/506L Conservation Biology Fall 2007

Conservation Biology Lab: November 2
MVP and Sea Turtle Population Lab

Introduction:

· Often the best way to understand the population dynamics of species of concern is to set up a model of population growth with stage structure.
· Stage structure is a method to look at how the different stages of an organism (i.e. adult, juvenile, reproductive, non-reproductive, dispersal-stage, etc..) are changing in abundance relative to each other over time
· This is a useful tool in Conservation because it can help biologists manage an endangered species by understanding which stages of an organism’s life history are most sensitive and important in the maintenance of the population 

· This lab will teach us how to determine a “stable age distribution” for a species

Introduction to Matrix Models:

· The geometric growth model has the form: 
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· R = the per capita change in population size = the intrinsic rate of natural increase
· The quantity (1+R) is called the finite rate of increase, λ
· Therefore 
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  (EQUATION 1)

· N= # of individuals present in the population and t is a time interval.

· When λ=1, the population will remain constant over time, when λ<1 the population declines, and when λ>1 the population increases.

· Equation 1:

· Predicts changes in the numbers in a population over time.  

· Assumes that all individuals in a population make equal contributions to population change regardless of their size, age, genetic make-up, or sex.  

· Matrix models approach deals with this assumption by providing a way to analyze populations with variably structured populations- whether it is age, size, or some other variable structuring individuals. 

· First, we need to determine our classes, which are the stages of development we wish to ‘lump’ individuals in.  Then we must determine our variables and survival probabilities using a life cycle model.

· Survival probability is the probability that an individual in stage class i will survive and move into stage class i + 1.

· Here is an example of a model of an organism with five stage structures.  Two classes (subadults and adults) are capable of reproduction, so arrows associated with birth emerge from both classes returning to newborns (hatchlings, h).


[image: image3]
· F represents births, P represents probability of survivorship to next stage, or to remain in same stage.
Matrix Models: The nitty-gritty

· The goal of the matrix model is to compute λ, the finite rate of increase for a population with stage structure

· Need to compute time-specific growth rate λt by rearranging Equation 1: 

· 
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   (Equation 2)
To determine Nt and Nt+1 we need to count individuals at some standardized time period over time
· Assume population censuses are after individuals breed

· depends on:

· how many individuals in each stage class were in population at time t

· movement of individuals into new classes

· movement out of the system (death)

· Survival Probability, Pi,i+1, is the probability that an individual in size class i will survive and move into size class i+1.

· An individual in size class i may survive and grow to size class i+1 with probability Pi,i+1 or may survive and remain in size class i with probability Pi,i
· The equations used to construct the fertility and survivorship rates for stage-structured populations can be used to construct a Matrix.

· A Matrix is a rectangular array of numbers and symbols, designated by a bold faced letter.  

· Since our population has five classes, the matrix will be 5 x 5.  The survival probabilities, Pi,i+1 are in the subdiagonal, which represent the survival from one class to the next.

· The survival probabilities Pi+,i are in the diagonal, which represent the probability that an individual in a given class will survive, but remain in the same class from one year to the next. 
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 Basics of Matrix Multiplication
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· The first matrix represents your probabilities and fertility rates, the second your population in four stages at time t, and the result of their multiplication is your new populations at time t+1

Using the matrix approach to understand population dynamics of Sea Turtles
· Open your excel spreadsheet with your matrix model of the loggerhead sea turtle.

· Let’s discuss what these values actually mean

[image: image7.emf]Stage-Structured Matrix Models Initial

Five-stage matrix model of the loggerhead sea turtle Population

hatchling sm juv lg juv subadult adult Vector

hatchling 0 0 0 4.665 61.896 2000

sm juv 0.675 0.703 0 0 0 500

lg juv 0 0.047 0.657 0 0 300

subadult 0 0 0.019 0.682 0 300

adult 0 0 0 0.061 0.8091 1


· Set up a new column heading that will represent a linear series in column A that will track abundances of individuals for 100 years.

· Enter 0 in cell A11

· Enter the formula =A11+1 in cell A12

· Copy this Formula down to cell A111 to simulate 100 years of population growth.  

	Year
	Hatchlins
	S. Juvs
	L. juvs
	Subadults
	Adults
	Total
	t

	0
	0
	0
	0
	0
	0
	0
	 

	1
	
	
	
	
	
	
	


· Enter the formula =H4 in cell B11 to indicate that at year 0, the population consists of 2000 hatchlings. 

· Enter the following:    
· Cell C11=H5
· Cell D11=H6
· Cell E11=H7
· Cell F11=H8
· Enter the formula =SUM(B11:F11) in cell G11 to obtain the total population size for time 0
· Enter the formula =G12/G11 in cell H11 to compute λt (This won’t make sense until you calculate the total population size for year 1)
· We will use matrix multiplication to project the population size and structure at year 1.   To do so, we multiply the matrix of fecundities and survival values by the initial vector of abundance.   The result is a new vector of abundances for the year t+1

· Enter the formula =$B$4*B11+$C$4*C11+$D$4*D11+$E$4*E11+$F$4*F11 in cell B12

· Cell C12= $B$5*B11+$C$5*C11+$D$5*D11+$E$5*E11+$F$5*F11

· Cell D12= $B$6*B11+$C$6*C11+$D$6*D11+$E$6*E11+$F$6*F11
· Cell E12= $B$7*B11+$C$7*C11+$D$7*D11+$E$7*E11+$F$7*F11
· Cell F12= $B$8*B11+$C$8*C11+$D$8*D11+$E$8*E11+$F$8*F11
· Enter the formula =SUM(B12:F12) in cell G12

· Copy cell H11 into H12 (the time specific growth rate, λt).  When λt =1, the population remains constant in size.  When λt <1, the population declined, and when λt >1, the population increased in numbers

· Copy your formulae down to cells B111-H111


· The will complete a 100 year long simulation of stage-structured population growth.  Click on a few random cells and make sure you can interpret the formulae and how they work. 

· Graph your population abundances for all stages over time.  Use the line graph option and be sure to label your axes fully!  Your graph should resemble this:
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· Copy your graph and change the y-axis to a log scale.  To do so double click on your y-axis, then click on the logarithmic scale box.  It is sometimes easier to interpret your population projections with a log scale.

Questions and further calculations:

1. What are the assumptions of the model you have built?

2. At what point in the 100 year simulation does λt not change from year to year?  This constant is an estimate of the asymptotic growth rate λ, from Equation 1.  What value is λ?  Given this value, how would you describe population growth of the sea turtle population?

3. What is the composition of the population when it has reached a stable distribution?
Set up headings as so:

	
	I
	J
	K
	L
	M

	9
	Proportion of individuals in class

	10
	Hatchlings
	Small juvs
	Large juvs
	subadults
	Adults


In the cell below the hatchlings cell, enter a formula to calculate the proportion of the total population in year 100 that consists of hatchlings
Enter formulae to compute the proportions of the remaining stage classes in cells below the other headings.  The five proportions should add to 1, giving you a stable stage distribution,

4. How does the initial population vector affect λ and the stable stage distribution?  Change the initial vectors of abundances so that the population consists of 75 hatchlings and 1 individual in each of the remaining stage classes.  Graph and interpret your results.  Do your results have management implications?

5. One of the threats to the loggerhead sea turtle is accidental capture and drowning in shrimp trawls.  One way to prevent this occurrence is to install escape hatches in shrimp trawl nets.  These “turtle exclusion devices” (TEDS) can drastically reduce the mortality of larger turtles.  The following matrix shows what might happen to the stage matrix if TEDS were widely installed. 
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6. Given an initial abundance of 100,000 turtles, distributed among stages at 30,000 hatchlings, 50,000 small juveniles, 18,000 large juveniles, 2,000 subadults, and 1 adult, how does the use of TEDS influence population dynamics?  Provide a graph and discuss your answer in terms of population size, structure, and growth.   Discuss how the use of TEDS affects the F and P parameters in the matrix.

7. An important source of mortality for marine turtles occurs in the very beginning of their lives, between the time the eggs are laid in a nest in the beach, and the time they hatch and reach the sea.   Turtle conservation efforts in the past have concentrated on enhancing egg survival by protecting nests on beaches or removing eggs to protect hatchlings.   If TEDS are not used, how much must fertilities increase in order to produce the population dynamics that would have been achieved by TEDS?

** play with the values in your original matrix to figure out ways this is possible!

Sensitivity and Elasticity Analysis
· Sensitivity analysis reveals how very small changes in each Fi and Pi will affect λ when  all other elements in your matrix are held constant

· Helps identify the life history stage that will contribute the most to population growth of a species.  

· From an evolutionary perspective, this helps identify the life history stage that contributes most to an organisms fitness

· The most sensitive matrix elements produce the largest slopes, or the largest changes in λ, the asymptotic growth rate.

· The challenge in interpreting sensitivities is that demographic variables are measured in different units:
· Survival rates (P) are probabilities that can only be between 0 and 1.  Fertility (F) has no such restrictions.

Elasticity Analysis estimates the effect of a proportional change in the vital rates on population growth.  
· Elasticity of a matrix element is the product of the sensitivity of a matrix element, and the matrix element itself.
· You can directly compare elasticities among all life history variables.  An elasticity analysis, for example, on the parameters hatchling survival and adult fecundity might yield values of 0.047 and 0.538, respectively.  This means that a 1% increase in hatchling survival will cause 0.047% increase in λ, and a 1% increase in adult fecundity will cause a 0.538% increase in λ.  

Activities

1. Graph the elasticity values for fertility of the 5 stage classes

2. Graph the elasticity values for the survival values, Pi,i, and Pi,i+1 for each of the 5 stage classes.  
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