
Homework #1 – Population Trends
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Homework 1 - Reading



Homework 1 - Reading

ES: Effect Size

T: Test Statistic (alpha)

V: Variability



Homework #2

year number ln(number)

1940 68 4.220

1950 40 3.689

1960 30 3.401

1970 27 3.296

1980 22 3.091

1990 17 2.833

2000 15 2.708

The key to get this problem right is to convert the exponential 

equation into a line (y = a + bx).  

This requires taking the natural log, of both sides of the equation:

Ln (Nt) = Ln(No) + rt  Ln(e)  (note:  Ln(e) = 1)

Ln (Nt) = Ln(No) + rt 

y           = a            + bx

Using continuous 

population growth:

Nt = No * e rt
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ANOVA

df SS MS F

Significance 

F

Regression 1 1.535 1.535 94.457 0.0002

Residual 5 0.081 0.016

Total 6 1.616

Coefficients

Standard 

Error

t 

Stat

P-

value

Lower 

95%

Upper

95%

Intercept 49.445 4.746 10.418 0.000 37.244 61.645

Time (year) -0.023 0.002 -9.719 0.000 -0.030 -0.017
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scenario ln(1/68) r time year

Point estimate -4.219 -0.023 183.434 2123

upper 95% CI -4.219 -0.017 248.176 2188

lower 95% CI -4.219 -0.030 140.633 2081

To calculate the year this population will go extinct 

(Nt = 1), we need to re-arrange the equation as follows:

Nt  = No * e rt

1  = 68 * e rt

Ln (1/68) = t * r

- 4.219 / r = t
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Lambda_g Lambda_b Calculation

Realized

Lambda

1 1 1.000

1.25 0.75 0.968

1.5 0.5 0.866

1.75 0.25 0.661

Finally, assume that now good and bad years alternate each other for 

ever.  What would be the realized growth rate (lambda) for the four 

calculated above:  (Lambda good = 1.75, 1.5, 1.25, 1)?    

Hint:  You do not need to make all of these calculations, use algebra to 

get the right answer.  Show me your work.
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Homework #2 – Building from Hw #1 

Math / Stats Refresher:

Coefficient of Variation:  CV  Geometric Mean:   

The ratio of the 

standard deviation

to the mean.

Shows the extent of variability in 

relation to the population mean.

Calculated using product of the 

values (as opposed to arithmetic 

mean which uses the sum). 

Defined as the nth                            

root of the product

of n numbers
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Nt+1 = a * Nt * (1 – Nt) Nt+1  = Nt * [1+ R (1 - (Nt / K))]



Nt+1  = Nt * [1+ R (1 - (Nt / K))]

As the population 

growth rate increases…               

something magical 

happens

Deterministic model gives 

raise to unpredictable 

behavior…   chaos!!! 

Preview of Homework #3

NOTE:  Lambda = R +1

Nt+1 = a * Nt * (1 – Nt) NOTE: a = Lambda



Chaos Theory - Definition

Behavior of dynamic systems that are 

highly sensitive to initial conditions, a 

phenomenon which is popularly referred 

to as the butterfly effect.

Small differences in initial conditions (such as those due to 

rounding errors in numerical computation or sampling) 

yield widely diverging outcomes for chaotic systems, 

rendering long-term prediction impossible in general.

This happens even though these systems are deterministic, 

implying that their future behavior is fully determined by 

their initial conditions, with no random elements involved.



Chaos Theory - Implications

Deterministic nature of many natural 

systems does not make them predictable.

Implications for Conservation Biology:

- Initial conditions influence predictive capability

- Single populations cycle (without predators / prey)

- If natural processes (e.g., precipitation,  storms) are 

chaotic… populations tracking these physical drivers            

may also follow chaotic patterns indirectly
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N(t+1) =  Lambda * N(t) * (1 – b N(t))  Where:  

Mean Lambda = 3.1 and 95% CI Lambda = 2.1 – 4.6

Using b = 0.019 for all the calculations, check out                  

the implications of variability in Lambda values (point 

estimate, lower 95% CI, upper 95% CI) in the expected 

behavior of the population.

Make calculations for 3 scenarios: 

Lambda values of 2.1, 3.1, and 4.6.
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Ne =  Lambda * Ne * (1 – b Ne)             (multiply out terms)

Ne =  (Lambda * Ne)   – (Lambda * Ne * b * Ne)

(divide both sides by Ne)

1 =  Lambda  – (Lambda * b * Ne) 

Ne =  (1 - Lambda)  / (Lambda * b)

(Remember:  b = 0.019) 
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Calculate equilibrium population size (where N(t+1) = N(t)).

Show me your calculations and the results of the three 

equilibrium population sizes (Ne).  

Hint, replace N(t+1) and N(t) with Ne in the equation              

above and solve after plugging in the Lambda and b.

Ne =  (1 - Lambda)  / (Lambda * b)

- lambda: 2.1    Ne: 27.56 

- lambda : 3.1    Ne: 35.65 

- lambda : 4.6    Ne: 41.19
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Use the excel sheet to explore behavior of this population.  

For 3 scenarios (Lambda = 2.1, Lambda =3.1, Lambda = 4.6), 

start the populations at two initial sizes (10 and 50).  

Make a plot of the two population trajectories (numbers of y 

axis, time on x axis) over the first 10 years, showing both 

initial population sizes (10 and 50) in the same graph.  

Explain how population behaves in all 3 Lambda scenarios 

(does it reach equilibrium, does it crash, does it cycle?).  

If the population equilibrates, compare this equilibrium point 

with the Ne value you calculated above (for same Lambda).
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Use the excel sheet to explore behavior of this population.  

For 3 scenarios (Lambda = 2.1, Lambda =3.1, Lambda = 4.6), 

start the populations at two initial sizes (10 and 50).  

Make a plot of the two population trajectories (numbers of y 

axis, time on x axis) over the first 10 years, showing both 

initial population sizes (10 and 50) in the same graph.  

Explain how population behaves in all 3 Lambda scenarios 

(does it reach equilibrium, does it crash, does it cycle?).  

If the population equilibrates, compare this equilibrium point 

with the Ne value you calculated above (for same Lambda).
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Assumptions: Logistic Growth

N(t+1) =  Lambda * N(t) * (1 – b N(t))

Where:  Lambda = 2.1

Ne = 27.56

Slope = -0.09



Homework #3 - Equilibrium with K

Assumptions: Logistic Growth

N(t+1) =  Lambda * N(t) * (1 – b N(t))

Where:  Mean Lambda = 3.1 and 95% CI Lambda = 2.1 – 4.6

Ne = 35.65

Slope = -1.09
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Assumptions: Logistic Growth

N(t+1) =  Lambda * N(t) * (1 – b N(t))

Where:  Lambda = 4.6

Ne = 41.18

Slope = -2.59



Homework #3
For each Lambda scenario, check out where 1:1 line (blue 

line) and recruitment curve (red line) cross.  

This is the point of equilibrium.  

However, if the slope of the recruitment curve is too large 

(curve is too steep) at the equilibrium point, it will become 

unstable and the population will not stay at equilibrium.   

To figure out the slope, take the derivative of formula with 

respect to N(t):    

dN(t+1) / dN(t)=  Lambda  – (2* b * Lambda * N(t))

Using b value  = 0.019, plug in the 3 lambda scenarios 

and calculate the slope at the equilibrium point.  



Homework #3
Hint, plug in Ne values you calculated in first part in the 

equation, for N(t). 

Report the slopes for the three scenarios at the Ne points.  

Hint:  

The curves are decreasing, so the slopes should be negative.  

Interpret your results, by comparing the slopes you calculated 

with the results of the second part of this question. 

Note:  

equilibrium results when slope > -1

two-point cycles occur when -1 > slope > -2

and chaos occur when -2 > slope
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lambda: 2.1     

slope : -0.1

(stable; population stabilizes to K)

lambda : 3.1    

slope: -1.1   

(two-point cycle; population cycles)

lambda : 4.6    

slope: -2.6    

(chaos; population oscillates widely)



Homework #3  - Effect of Varying K

Assumptions: Logistic Growth – with varying environment

N (t+1) = N(t) [ 1 + R (1 - N(t) / K)] 

Where:  Lambda = 1.5

Constant K                                                          Varying K
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When Nt = 100% N0:  

(here, DT = 100% N0/N0, so DT = 1)

Nt+1 = Nt – Ct + rNt[1 – (Nt/N0)
2]

-the original equation (equation 1)

Nt+1 = 100%N0 – 0 + (0.07)(100%N0)[1 –

(100%N0/N0)
2] -substitute in known values

Nt+1 = 100%N0 + (0.07)(100%N0)[1 – (1)2]

Nt+1 = 100%N0 + (0.07)(100%N0)(0)

Nt+1 = 100%N0 when DT = 1, or Nt+1 = N0  
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When Nt = 50% N0:  

(here, DT = 50% N0/N0, so DT = 0.5)

Nt+1 = Nt – Ct + rNt[1 – (Nt/N0)
2] -the original equation 

(equation 1)

Nt+1 = 50%N0 – 0 + (0.07)(50%N0)[1 – (50%N0/N0)
2]

-substitute in known values

Nt+1 = 50%N0 + (0.07)(50%N0)[1 – (0.5)2]

Nt+1 = 50%N0 + (0.07)(50%N0)(0.75)

Nt+1 = 50%N0 + (0.0525)(50%N0)

Nt+1 = 1.0525(50%N0) when DT = 0.5  Nt+1 = 0.526N0
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When Nt = 0% N0:  

(here, DT = 0% N0/N0, so DT = 0)

Nt+1 = Nt – Ct + rNt[1 – (Nt/N0)
2] -the original equation 

(equation 1)

Nt+1 = 0%N0 – 0 + (0.07)(0%N0)[1 – (0%N0/N0)
2]

-substitute in known values

Nt+1 = 0%N0 + (0.07)(0%N0)[1 – (0)2]

Nt+1 = 0%N0 + (0.07)(0%N0)(1)

Nt+1 = 0%N0 + (0.07)(0%N0)

Nt+1 = 1.07(0%N0) when DT = 0.  

But, since 0%N0 must = 0 itself, then Nt+1 = 0.  
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Consider the population matrix = 

0 0 1 15

0.2 0 0 0

0 0.9 0 0

0 0 0.9 0.6

Probability of surviving from age class 0 to 1 = 0.2

Probability of surviving from age class 1 to 2 = 0.9

Probability of surviving from age class 2 to 3 = 0.9
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Age 
Class

First 

Census               
(day 1) 

Fecundity               

(# eggs 
produced)                          

Second 

census                         
(day 365)

Third 

census                         
(day 366)

first-

year-
animals

100 0 60 200

second-

year-
animals

50 100 30 60

third-

year-
animals

25 100 0 30
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N (age1) = 100 

N (age2) = 100 

N (age3) = 100

N (age1) = 1000 

N (age2) = 1000 

N (age3) = 1000
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N (age1) = 100 

N (age2) = 100

N (age3) = 100

N (age1) = 1000 

N (age2) = 1000

N (age3) = 1000
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N (age1) = 100 

N (age2) = 100

N (age3) = 100

N (age1) = 1000 

N (age2) = 1000

N (age3) = 1000

Mean lambda:   _1.475_

Mean % age 1 class:  _63.614_

Mean % age 2 class:  _25.862_

Mean % age 3 class:  _10.524_

Mean lambda:   _1.475_

Mean % age 1 class:  _63.603_

Mean % age 2 class:  _25.883_

Mean % age 3 class:  _10.515_
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N(t+1) = N(t)* λ t N(t+1) = N(t)*ert

REMEMBER :  

R = λ = er

λ = 0.991 so 0.991 = er

ln(0.991) = r*ln(e)

-0.009 = r

LAMBDA: 0.991 r: -0.009  



Homework #6

Sensitivity = 
Change in λ / Change in Demography Rate

Elasticity = 
Relative Change in λ / Relative Change in Demography Rate

Elasticities: 

Age 1 survival = 0.164

Age 2 survival = 0.164

Age 3 survival = 0.492

Age 3 fecundity = 0.170
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Age 

Class

Survivorship 

Rate

Mortality 

Rate

Reproductive 

Value

1 0.9775 0.00225 1.14

2 0.9847 0.0153 1.19

3 0.9986 0.0014 1.79

4 0.9804 0.0196 0.00


