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FW 662 Final Exam 2003 
 

1. Attached is a copy of the paper:  Miller, R. S., D. B. Botkin, and R. Mendelssohn.  
1974.  The Whooping Crane (Grus americana) population of North America.  
Biological Conservation 6:106-111.  The following questions concern this paper.  
I’m not asking you to build any of these models, although doing so might help 
you develop answers to the questions. 

 
a. (20 pts.) The paper was not specific on how stochasticity was incorporated 

into the model.  Describe how you would proceed with incorporating 
demographic stochasticity into a model of the whooping crane population, 
assuming a birth rate of b = 0.20, and a death rate of d = 0.16.  Explicitly 
list what assumptions you would have to make to build your model. 

 
b. (20 pts.) How might you incorporate temporal stochasticity into your 

model?  Again, be explicit about what assumptions you would have to 
make. 

 
c. (15 pts.) Discuss how sampling variation affects your model’s predictions. 
 
d. (7.5 pts.) What are the strengths of this paper?  What conclusions from the 

paper do you find acceptable? 
 
e. (7.5 pts.) What are your major criticisms of this paper?  If you were a 

reviewer today, would you now accept or reject this paper for publication?  
Why or why not? 

 
2. (30 pts) Additional questions will be asked extemporaneously during the exam, 

and will be framed in the setting of the above paper, although not directly about 
the biology of the species discussed in this paper. 



 

a. (10 pts) Suppose that a new water-management scheme was proposed for 
the nesting areas of these birds.  How would you develop an adaptive 
management scheme around this proposal? 

b. (10 pts) One approach to modeling the temporal variation of this 
population would be to use the observed adult:young ratios as 
reproductive rates in your model.  What would be the advantages and 
disadvantages of bootstrapping the observed ratios in a stochastic 
population model? 

c. (10 pts) Assume that the number of young (y) counted in Table I was a 
binomial variable with n = the number of adults, and p = probability of an 
adult contributing a young to the population.  Thus, the variance of the 

estimate of p could be computed as 
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variance of p could be estimated with the variance components procedure 
we discussed in class.  What are your thoughts on the appropriateness of 
this approach? 



Time Start:                                         Name:                                                                                         Score: 

1.a (20 pts) 
demographic 
stochasticity 
 

1) b = 0.2 binomial for each adult/member 
2) d = 0.16 binomial for each member 
3) What order were b and d implemented in the model?  Doesn’t make any difference, 

although most people put b first to maintain R = 0.04.  The model can be viewed as a 
representation of the population during the survey, projecting to the next survey.  
Thus, b represents recruits at the time of the survey, not at the time they hatched. 

4) Assumptions: no age structure, no individual heterogeneity, no temporal variation, 
no spatial heterogeneity, no density-dependence -- all the usual assumptions of such 
a simplistic model. 

1.b (20 pts) 
temporal 
stochasticity 
 
 
 
 
 

1) estimate process variance in reproduction and survival from existing data – but 
estimates would have sampling bias (because the data are incomplete counts), also 
no sampling variance estimate, unless a binomial SE is generated as in question 2.c 
below. 

2) estimate process variance of population rate of change  (lambda) – instead of treating 
b and d separately, estimate lambda for each year (but still with sampling bias), and 
use the distribution of lambda to project the population.  This approach would not 
incorporate demographic stochasticity, except what was in the ? estimates from the 
existing data. 

3) bootstrap b and d rates from existing data – this approach maintains the process 
covariance of these parameters 

4) bootstrap rate of population change (lambda) 
5) Assumptions: all the same as above, except that temporal process stochasticity has 

been included in the model. 
1.c (15 pts) 
effect of 
sampling 
variation 

1) counts are not a census, have major errors.  As a result, there is a sampling bias in 
the estimates, so more than just an impact of sampling variance.  IF the entire 
population were counted each year, then the “sampling variance” of this question is 
really demographic variance, something that a few people did point out. 

2) no sampling variances are given in the paper, but sampling variance is not zero (and 
may actually be demographic variation).   The effect of including this variation in 
the model is to over-estimate the temporal process variation.   

3) Bias from the counts will result in biased estimates of persistence, likely too likely to 
predict extinction because of incomplete counts and hence the temporal process 
variance is increased because of the greater observed fluctuations of the population. 

1.d (7.5 pts) 
Strengths of 
paper 
 

1) long time trend of data – 35 years is notable. 
2) probably legitimate estimate of rate of change of population 
3) authors for the most part did not get carried away with their conclusions, and 

provided adequate cautions about the interpretation of their data. 
1.e (7.5 pts) 
Criticisms of 
paper 

1) Counts – large sampling variance, along with unknown bias. 
2) Accept – because rate of population change useful 
3) Reject  – because the model is inadequate, poor description of model, biases in data. 

2.a (10 pts) 
Adaptive 
Management 
 

1) Objective for management – must have a goal 
2) Model to relate the proposed management scheme to the population parameters 
3) Implementation of the management scheme 
4) Monitoring/Periodic Evaluation to assess how the project is performing. 
 



2.b (10 pts) 
Bootstrapping 
Repro. Rates 

1) Observed rates include sampling variance because of counts 
2) Observed rates include biases because of incomplete counts 
3) Benefit of including process covariance in the model 

2.c (10 pts) 
Binomial on 
young/adult 
 
 

1) Estimates are biased because of incomplete counts – not a true census. 
2) Sampling variance is not good estimate of true temporal process variance because of 

age heterogeneity in the population.  Birds do not reproduce until they are 4-5 years 
old, yet this non-reproducing segment of the population cannot be distinguished 
from the reproducing segment once they are >1 year old. 

Overall Comments: 


