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Main Points 
1)     Species as “units” of conservation 
         -- why species? 
         -- example: the unfortunate plight of a low-profile, uncharismatic vertebrate 
 
2) Overview of biological sampling 
 
3) Sources of population variability 
 -- review of population growth 
 -- demographic stochasticity 
 -- geometric population growth 
 
Pre-reading: Tuesday 15 Sept = none 
        Thursday 17 Sept = none 
 
Tonight: 1st meeting of the semester for The Wildlife Society 6pm Biol Sci Room 311  
 
Tuesday 15 September: field trip to WY toad breeding facility. Meet at 9th Street Berry 

Center entrance at 115 sharp.  
    
Terms: keystone species, foundation species, flagship species, umbrella species 
 sample, statistical population, precision, bias, Allee effect, annual population 

growth rate (λ), demographic stochasticity, PVA 
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• species are logical “endpoints” for evolution (at least 
over ecological time scales). 

 
• conservation legislation and classifications (e.g., US 

Endangered Species Act, IUCN Red List, CITES) focus on 
species. 

Why species? 
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• keystone species = those with a large effect on other 
species because of the “role” they play in 
communities. Often (but not always) are predators 
and ecosystem engineers. (Contrast with foundation 
species). 

Why species? 
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Trouble with Foundation and Keystone Species 
Concepts? 
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• by targeting wide-ranging species for conservation  
  efforts, we may be able to protect other species. 
 
• umbrella species = one whose minimum area requirements 

are at least as large as others in the community, 
ecosystem, or habitat for which protection is sought.  

Why species? 
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• public can relate to (at least some!) species. 
 

• flagship species = iconic animals that provide focus to 
 generate conservation efforts for a broader cause. 

Why species? 
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• public can relate to (at least some!) species. 
 

• flagship species = iconic animals that provide focus to 
 generate conservation efforts for a broader cause. 

Why species? 
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The unfortunate plight of low-profile, uncharismatic 
microfauna 

• geographic range restricted to 2 square miles around 
 Mortenson Lake in Albany County 

 
• low genetic diversity, chytrid fungus, pesticides, and 

 predation by exotic fishes have been implicated in its
 extinction 

 
• reliant upon population augmentation from captive 

 populations 
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"We are in the process of reverting the management of the refuge back to what it 
once was. The lack of grazing appears to have had a negative affect (Withers, 
1992) on the toads' ability to breed and bask," said Michelle Geraud, Wyoming Toad 
Recovery Coordinator with the U.S. Fish and Wildlife Service.  

The unfortunate plight of low-profile, uncharismatic 
microfauna 
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Discussion Q: Dreitz 2006 argued that conservation efforts for the 
Wyoming toad were failing (or had failed).  
 
What reasons did she give for why recovery was failing?  
 
More broadly, would you as a conservation biologist allocate limited 
effort, money, and time to this species? Why or why not? 
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The unfortunate plight of low-profile, uncharismatic 
microfauna 

“…inferences from this kind of count-based survey are 
biased because detection rate varies among 
counts…there is no estimate of detection probability.” 

 
“It is inappropriate to base management actions for a 

critically endangered species on unpublished and non-
peer reviewed reports.” 

 
“It is impossible…to infer the status of the population, 

project the population’s long-term viability, or evaluate 
the Wyoming toad recovery effort.” 

 
 



Statistics Review 

• Sample = collection of data through which we 
calculate statistics 
 

• Statistic = quantitative descriptor of sample, through 
which inferences to population are made 
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Statistics Review 

• Population (Statistical) = larger group about which 
inferences are made  
 

• Parameter = quantitative descriptor of population, 
for which the true value typically is not known 
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sample of western chorus frogs sample of eastern WY amphibians 

stat. population of  
western chorus frogs 

stat. population of  
eastern WY amphibians 
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Sample 1 of bullfrogs 

Statistics Review 

• Bias = systematic over- or underrepresentation of 
 individuals in a sample 

 

biased sample 

Male 

Male 

Male 

Male 

Male 

Male 19 



 
 

Sample 1 of bullfrogs 

Statistics Review 

• Precision = degree of repeatability or conformity 
 

precise samples 

Sample 2 of bullfrogs 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Male 20 



 
 

Statistics Review 

• Precision = degree of repeatability or conformity 
 

imprecise samples 

Sample 1 of bullfrogs Sample 2 of bullfrogs 

Male 

Male 

Male 

Male 

Male 

Male 

Female 

Female 

Female 

Female 

Female 

Female 21 
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Seize the Second Moment 

• Variance (σ2)  = (1/n-1) Σ (xi – x) 
i = 1 

  n 2 
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Seize the Second Moment 

• Variance (σ2)  = (1/n-1) Σ (xi – x) 
 

• Confidence interval = x + 1.96(σ/√n) 

i = 1 

  n 2 
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Population Growth Review 
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Negative vs. Positive Density-Dependence 

population size 
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Negative vs. Positive Density-Dependence 
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Negative vs. Positive Density-Dependence 

population size 

Allee effect = positive correlation between population 
density and the per capita rate of population growth 
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Annual population growth rate (λ) 

λt = Nt+1/Nt 
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Annual population growth rate (λ) 

λt = Nt+1/Nt 
 
 
• Annual rates of population growth calculated from 

abundance data and/or data on vital rates (i.e., birth 
rate, death rate, growth (recruitment) rate, etc) 
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Annual population growth rate (λ) 

λt = Nt+1/Nt 
 
 
• Annual rates of population growth calculated from 

abundance data and/or data on vital rates (i.e., birth 
rate, death rate, growth (recruitment) rate, etc) 
 
 

 
 

  
Demographic stochasticity = random population events 

(e.g. sex ratios, ability to find mates) influenced by 
population size that influence population persistence. 
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Discussion Q: Keeping in mind that demographic uncertainty is 
higher in small populations, what modifications would be useful 
additions to the graph below?  
 
Why? 
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Demographic uncertainty (stochasticity) 
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Morris and Doak. 2002. 

• Population Viability Analysis = quantitative method used 
to predict future status of one or more populations of 
conservation concern 

Forecasting risk of extinction: PVA 
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Forecasting risk of extinction: PVA 

• PVA = quantitative method used to predict future status 
of one or more populations of conservation concern 
 

• uses include:  
 1) assessing risk of extinction  
 2) comparing relative risks of >2 populations  
 3) determining number of individuals for  

 population augmentation  
 4) setting harvest limits compatible with population 

 persistence 
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Predicting risk of extinction: PVA 

• PVA = quantitative method used to predict future status 
of one or more populations of conservation concern, 
taking into account stochasticity. 
 

• Can be count-based (from data on population sizes) or 
demographic (from data on vital rates) 
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Predicting risk of extinction: PVA 

• Example with California condor 

Morris and Doak. 2002. 
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Predicting risk of extinction: PVA 

• Example with California condor 

Morris and Doak. 2002. 
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Projecting populations:  
geometric vs arithmetic means 

Morris and Doak. 2002. 

λt = Nt+1/Nt 
 
Nt = N0λt 
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Projecting populations:  
geometric vs arithmetic means 

Morris and Doak. 2002. 

λt = Nt+1/Nt 
 
Nt = N0λt , let N0 = 1000 for this example  
 

 
  

Nt t lambda 

1010 1 1.01 

1020.1 2 1.01 

1030.301 3 1.01 

1040.604 4 1.01 

1051.01 5 1.01 

1061.52 6 1.01 

1072.135 7 1.01 

1082.857 8 1.01 

1093.685 9 1.01 

1104.62 10 1.01 
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Projecting populations:  
geometric vs arithmetic means 

Morris and Doak. 2002. 

λt = Nt+1/Nt 
 
Nt = N0λt 
 

 
  Nt t lambda 

1010 1 1.01 

1020.1 2 1.01 

1030.301 3 1.01 

1040.604 4 1.01 

1051.01 5 1.01 

1061.52 6 1.01 

1072.135 7 1.01 

1082.857 8 1.01 

1093.685 9 1.01 

1104.62 10 1.01 

time
0 2 4 6 8 10 12

N
t

1000

1020

1040

1060

1080

1100

1120
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Projecting populations:  
geometric vs arithmetic means 

Morris and Doak. 2002. 

If: 
Nt+1 = λtNt 
 
Then: 
λt = Nt+1/Nt 
 

0.86 with p = 0.5 

1.16 with p = 0.5 

λt 
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Projecting populations:  
geometric vs arithmetic means 

Morris and Doak. 2002. 

Nt+1 = λtNt 
 0.86 with p = 0.5 

1.16 with p = 0.5 

Nt t lambda 

1000 1 0.86 

860 2 1.16 

997.6 3 0.86 

857.936 4 1.16 

995.2058 5 0.86 

855.877 6 1.16 

992.8173 7 0.86 

853.8228 8 1.16 

990.4345 9 0.86 

851.7737 10 1.16 

λt 
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Projecting populations:  
geometric vs arithmetic means 

Morris and Doak. 2002. 

time
0 2 4 6 8 10 12

N
t

800

850

900

950

1000

1050

1100Nt+1 = λtNt 
 

Nt t lambda 

1000 1 0.86 

860 2 1.16 

997.6 3 0.86 

857.936 4 1.16 

995.2058 5 0.86 

855.877 6 1.16 

992.8173 7 0.86 

853.8228 8 1.16 

990.4345 9 0.86 

851.7737 10 1.16 



44 

Projecting populations:  
geometric vs arithmetic means 

Morris and Doak. 2002. 

time
0 2 4 6 8 10 12

N
t

800

850

900

950

1000

1050

1100Nt+1 = λtNt 
 

Nt t lambda 

1000 1 0.86 

860 2 1.16 

997.6 3 0.86 

857.936 4 1.16 

995.2058 5 0.86 

855.877 6 1.16 

992.8173 7 0.86 

853.8228 8 1.16 

990.4345 9 0.86 

851.7737 10 1.16 



 
 
Arithmetic mean = 1.01  
 
 λA =  Σ xi 
 
 
 
 
 
 
 
 
Geometric mean = 0.99 
  
 λG =  ∏ xi 
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Projecting populations:  
geometric vs arithmetic means 

Morris and Doak. 2002. 

i = 0 

t pi 

i=0 

t 



 
 
Arithmetic mean = 1.01  
 
 λA = 
 
 
 
 
 
 
 
Geometric mean = 0.99 
  
 λG =  ∏ xi 
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Projecting populations:  
geometric vs arithmetic means 

Morris and Doak. 2002. 

i = 0 

t 

i=0 

t 
Σ xi           t 

1/t 

XXXX 



47 

Projecting populations:  
geometric vs arithmetic means 

Morris and Doak. 2002. 

Nt t lambda 

1000 1 0.86 

860 2 0.86 

739.6 3 0.86 

636.06 4 1.16 

737.82 5 0.86 

634.53 6 1.16 

736.05 7 1.16 

853.82 8 0.86 

734.29 9 0.86 

631.49 10 0.86 

time
0 2 4 6 8 10 12

N
t

600

700

800

900

1000

1100Nt+1 = λtNt 
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