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Models
EXTENDED EXAMPLE

Scenario Timeline

 Game park in south central Africa
 Zebra and Wildebeest

 1960s – drought results in reduced range quality

 1965 – culling program initiated reducing zebra and wildebeest 
populations

 1969 – Populations leveled off at 14,000 zebra and 14,000 wildebeest

 1971 – Drought broke – grassland quickly recovered 

Scenario Timeline

 1972 
 Zebra populations were stable (then a modest increase). 
 Decline in wildebeests

 1975
 Only 7000 wildebeest remained

 Explanations focus on changes to vegetation
 Tall grass is not a suitable habitat.  Reduced numbers of wildebeest could not 

maintain short grass. 

 Possible effect on predation (lions and hyenas)
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Model Objectives

 Understand the decline in wildebeest
 Investigate how the decline might be reversed

 Produce a model that is capable of simulating wildebeest numbers

Model Approach 1

 Consider including: 
 Wildebeest population growth 
 Lions and hyenas as dominant predator

 Two-way interaction
 Wildebeest are only prey of the lions and hyenas – need to include the 

population dynamics of the other prey species.
 Grass height is important – potentially modifying the effect of predation. 

 Grass height is influenced by precipitation and grazing intensity
 Need to model precipitation and all grazer effects

 Park consists of interacting components
 We will need to understand all of the components and interactions before 

we can manage the system. 
 We need to model the park and all of its parts

Model Approach 1

NO
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Model Approach 1

 Seems reasonable and appeals to many ecologists’ paradigms.
 We will never understand all of the components and their 

interactions.
 Failure guaranteed

 A typical approach of many ecologists

 We need management solutions -- NOW

Model Approach 2

 Build a model that concentrates on the immediate problem –
declining wildebeest population

 Wildebeest population is our only response variable
 Introduce other factors only when they are significant and directly

affect wildebeest

Model Approach 2

 Questions
 What mechanisms cause changes in wildebeest populations?

 How often do we need to calculate changes in the population? What is 
the appropriate time step?

 What level of detail?
 Do we need to differentiate between the sexes?

 Do we need to differentiate between the age classes?

 Natural history will help us answer these questions.
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Building the Model

 What mechanisms cause changes in wildebeest populations?
 Wildebeest are born.

 Wildebeest die.

Births

 Wildebeest are born. 
 First offspring produced at 2-years old

 Higher fecundity in older females (> 2 years)
 1 calf per year until they die

 Fertility not related to grazing conditions

 Synchronized births

Deaths

 Wildebeest die
 They die violently – Lions get adults (>1 year)

 10 wildebeests per lion

 None die of senescence. 

 Few/none die of starvation or disease

 Calves 
 If grazing conditions are poor, starve because of a lack of milk.

 Many different predators. 



1/2/2019

5

Time Step

 How often do we need to calculate changes in the population? 
What is the appropriate time step?
 Synchronized births – suggests that 1 year time steps is appropriate. 

 Management might need more frequent. 

Detail

 What level of detail?
 Do we need to differentiate between the sexes?

 Equal numbers of males and females at birth

 At two years or older females makeup 70% of the population, but does not change 
after that. 

 No need to differentiate between the sexes

Detail

 What level of detail?
 Do we need to differentiate between the age classes?

 There are differences in fertility with age
 There are differences in mortality with age

 Need to differentiate between the age classes

 Age classes
 Calves (ct)
 Yearlings (yt)
 2-year olds (wt)
 Adults (at)

 Schematic diagram from book



1/2/2019

6

Modeling

 State with an equation for Ct+1

 We know that 2-year olds (wt) and adults (at) contribute calves. 
 But a lot of them have died t  t+1

 Actually, wt+1 and at+1 would give us a better estimate. 

 Not all 2-year olds or adults are females 
 Use p to represent the proportion 

Modeling

  is the fecundity of 2-year olds
 b is the fecundity of adults

 We do not know wt+1 or at+1
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Modeling

 Modeling yt+1

 Difficult because there are so many ways that calves die. 

 Simplify by not modeling mortality, but by modeling its complement 
survival. 
 Introduce a new term q which represents calve survival to yearling. 

Modeling

 In modeling the 2-year olds and the adults, the only problem is 
modeling the number that die. 
 We use the simplifying assumption that the only mortality is from lions. 

 We could take a strict predator/prey model approach – this could get 
complex and our goal is not to model the predator/prey relationship but 
rather model wildebeest numbers. 

 Complications with other prey species dynamics, prey preference, and prey 
switching.

Modeling

 lt = number of lions
 st = average number of wildebeest killed per lion

 Allows us to manipulate these variables to simulate management of 
the lion population. 

 Assumes no preference by lions for 2-year olds or adults. 
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Modeling

 lt * st wildebeest die in year t to lions

 At the beginning of year t there are yt + wt + at wildebeests. 
 Since we are assuming no preference by lions for different age 

classes of wildbeest, the number killed in each age class will be 
proportional to its abundance. 

Modeling

 Number of yearlings that will die

 Number of adults that will die

Modeling

 Number of two year olds in year t+1

 Number of adults in year t+1
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Modeling

 We can plug these equations for wt+1 and at+1 into the equation for 
ct+1

Modeling

 Totalt+1 = ct+1 + yt+1 + wt+1 + at+1

Modeling

 To use this model we need to know (estimate): 
 ct, yt, wt, at

 b, , p

 qt

 lt, st

 Since we never use these values separately, we really just need to know how 
many wildebeest are killed by lions. 

 Keeping them separate allows us greater flexibility. 
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Modeling

 How do we estimate these values?

 Do field work.
 Hire graduate students.

Modeling

 p=0.7
 b=0.92
 =0.3

 lt ≈ 400-600
 st ≈ 2-4
 q ≈ 0.1-0.6

Modeling

 Compare the model to the observed counts of wildebeest to tune 
the parameters. 

 lt ≈ 500

 st ≈ 4.5  3.8  3.3

 q ≈ 0.35  0.42  0.48
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Modeling

 ct = 3640
 yt = 2240
 wt = 1680
 at = 6440 

Modeling

 Excel

Exercising the model

 What was the effect of culling
 It precipitated the decline – Dropped the population below the level 

that population growth could replace when faced with predation. 
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Exercising the model

 Game managers respond that they needed to cull wildebeests to 
protect the range. 
 Accept the reasoning, but suggest that they should have also culled the 

lions to maintain a viable predator/prey interaction.

 10% culling of lions.

Exercising the model

 Exercising the model
 What if …

 What if we wanted to halt the wildebeest declines

 Remove 30% of the lions

 Stabilize the wildebeest population while recognizing uncertainty in the 
parameters – what combination of variables leads to a stable population 
size?

 Graph from book

Exercising the model

 What is the weakest part of the model?
 Assumption that all wildebeest die from lions

 If a significant portion die from disease or starvation or if disease or starvation 
are responsible for singificantly increased lions kills then …


