
Beeby & Beeby: Thrive in Ecology and Evolution 
Answers to additional exercises – Chapter 05 

 

 

© Oxford University Press, 2013. All rights reserved. 

Answers 
 
1. What does the following equation indicate? 

Nb = Kb -  βNa. 
Answer 
The population size of species b is equal to its carrying capacity (Kb) minus a 
number of the competing species a (βNa). This latter term expresses the 
number of species a as species b equivalents, by multiplying by the 
competition coefficient for species b.  
In effect, the entire ecological space for species b represented by the limiting 
resource is occupied –the sum of  b and the equivalent numbers of a - so no 
population growth is possible for species b. 

 
2. Why should the functional response of predator to increasing prey 
number not be linear? Illustrate your answer with examples you have 
studied. 

 
Answer 
The functional response of a predator to an increase in prey abundance is an 
increase in the rate of consumption. This needs to be distinguished from a 
numerical response.  
 
Non-linearity will follow from the limited capacity of any predator consume 
prey, at least as based on simple counts of prey individuals in the L-V models. 
(Such models are unlikely to work effectively for populations of krill and blue 
whales, for example, where prey consumed are perhaps best measured by 
their mass).  
For most predators there are several reasons why there may be no direct 
correspondence: 
a. delays in learning the prey image and switching between prey according 

the their relative abundance 
b. uneven distributions of prey in a habitat – and the propensity of predator to 

stay feeding where prey are abundance. Outside of these areas, rates of 
consumption would drop 

c. the predator being selective and favouring individuals and prey that have 
reduced search and handling times. 

d. Satiation and the ‘processing time’ to consume and digest abundant food, 
especially of large prey species. 

e. Other demands on the predators time – defending a territory, mating etc. 
Not all predators are equally efficient hunters and a good answer would 
include a contrasting example, most obviously for a predator specific to one 
species of prey and more generalist predator. These comparisons would be 
most effective within a particular group of animals – for example, within 
mammals consider highly-specific and non-specific insectivores such as 
anteaters and shrews. 
 

3.  How can we measure the threshold density for an infectious disease if 
we know its net reproductive rate? 
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Answer 
The threshold density (ST) is the number of susceptible individuals needed for 
the disease to persist in a population. 
 

Since Ro = S/ST 
 

Given the net reproductive rate (the rate at which the infection spreads from 
infected individuals), we need to count the number of susceptible individuals 
(S) in the population. Then 
 

ST = S/Ro. 

 
4. Using the Lotka-Volterra model of predator-prey relationships, show 
why an increase in the attack rate of a predator or its conversion 
coefficient for prey into births, can allow the predator to persist with a 
smaller prey population. 

 
Answer 

The birth rate of the predator is given by  
   

    β(NP)  
where   β = coefficient of conversion for prey into predators 

 = attack rate 
NP = the number of encounters between prey and predator 

 
When the birth rate is balanced by the death rate of the predator (no 
population growth) 
 

   β(N) = m 
and 
   N = m  

         β  
 
This is the minimum population size of the prey to allow the predator to 

persist. Increasing the divisors - β or  or both – means that a smaller prey 
population will be needed to balance the mortality rate. 
 
With a more efficient conversion of prey into offspring or a higher attack rate, 
the predator can maintain its population with a smaller prey population. 
 

5. Classify the type of consumer represented by a caterpillar feeding on a 
single plant, prior to its pupation. 
 

Answer 
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As a herbivore it would be regarded as a grazer. If it had an association with a 
single plant species (which it would not normally kill), it could also be 
classified as a parasite. It has the characteristics of a parasite – a long term 
association until it completes this phase of its life cycle, consuming part of the 
host without causing its death.   
The important point here is to recognise the looseness of the categories of 
consumer. 

 
6. Would you expect r-selective plants to produce anti-feedants or general 
toxins in response to herbivory? What other attributes would you expect 
their growth strategy to have? 
 

Answer 
These plants have short generations and rapid reproduction. They would 
therefore tend not to produce the anti-feedants common in K-selected plants 
who wish to dissuade herbivory and preserve their investment in the leaf and 
meristematic tissues over a longer period. 

r-selected plants would be expected to have general toxins, but not 
inducible poisons. Similarly their growth strategy to flower and produce seed 
as rapidly as possible – this strategy mitigates against trying to defend 
individual leaves or stems, by either secondary plant metabolites or expensive 
structures that dissuade herbivory. Better then to grow rapidly and replace the 
missing tissue needed to produce seed. They may also grow close to the 
ground, or early in the season when large herbivores are not active. 
 Note however, there are many examples of plants that show r-selected 
characteristics that do invest in anti-feeding devices – such as hairs or thorns 
- demonstrating that the r-K classification is far from perfect. 
 
 


