Population Ecology

I. Attributes

II. Distribution

III. Population Growth – changes in size through time

IV. Species Interactions

V. Dynamics of Consumer-Resource Interactions

A. Consumers can limit prey populations
B. Oscillating Populations is a Common Pattern
C. Models

1. Pathogens

2. Lotka-Volterra Models 

 - goal was to create a model of two populations, a predator and prey species, that caused oscillations in their populations and was driven by simple but biologically realistic parameters.


a. Prey Population Growth:  rate of change = intrinsic growth rate – death by predation.



dV/dt = rV – cVP



cVP = number dying by predation, which is a function of the encounter rate, which depends on the population sizes of both species (V)(P), and the ‘functional response’ or ‘capture efficiency’ … what fraction of those encounters end in the death of the prey.


b. Predator Population Growth:  rate of change = birth rate (~ food supply) – death rate



dP= a(cVP) – dP



a = metabolic conversion rate of food to offspring, and cVP = number of prey caught.


c. Dynamics

 - in these types of differential growth equations, we are particularly interested in the densities at which growth rate changes from increasing to decreasing… in other words, where it is at equilibrium (b = d).

For prey, dv/dt = 0 when rV = cVP, or, when P = r/c.  curiously, the prey population will reach an equilibrium independent of its own density, when P = r/c.  The prey population will increase (forever) if there are fewer than this number of predators (P< r/c), and will decrease to zero if there are more than this number of predators (P>r/c).  At all combinations THIS predator density any ANY prey density (defining a line), the prey will neither increase nor decline… this line of density combinations describing this equilibrial state is called a zero growth isocline.
- The predators population will equilibrate when dP/dt = 0, when acVP = dP, or when V = d/ac.  So, curiously, there is a particular population size of prey at which the predator population, no matter how big it is, will equilibrate.  Add or substract prey and the predator population will expand or decline, respectively.

- A graphic analysis of the dynamics shows that these populations will indeed oscillate out of phase, just at L-V wanted.  There is a joint equilibrium that is possible where no oscillations will occur, but any perturbation from this set pof densities will create a neutral oscillation that won’t change unless perturbed again.

d. Support for the Model

 - The model predicts that an increase in the birth rate of prey should NOT affect the size of the prey population; rather, this boost gets transmitted to the predator population.  This was confirmed by studies of bacteria and phage (virus that infects bacteria)


e. Criticisms of the Model

 - instantaneous response with no time lags – biologically unrealistic.

 - no density dependence in prey, even at low predator densities.

 - constant ‘functional response’… the predator efficiency is constant across all prey densities.  Predators harvest the same fraction of a prey population, regardless of the prey density. This was challenged by Hollings, wh suggested two alternatives.  “Type II Functional Response”, in which the percentage of prey taken declines as prey population increases.  This could be explained by satiation (predators are full and so don’t kill prey at the same rate), or by predators becoming limited by handling time – predators simply cannot capture and kill prey any faster, regardless of how many more prey there are.  Both of these will cause the predation rate to decline, and the number of prey captured to equilibrate, as prey population size increases.   Another density-dependent phenomena would cause a “Type III functional response”, where there would be low efficiency at low prey densities… maybe because the predator fails to develop a search image, doesn’t encounter the prey often enough to know it is food, or does not encounter the prey often enough to develop an efficient handling strategy (learning).  Or, when one prey is at low density, a predator may switch to another, more abundant prey.
D. Lab Experiments

1. Gauss (1920’s):


In simple experiments, Didinium would graze Paramecium to extinction and then collapse.   No oscillations.

He could make the species persist by either creating a refuge for the prey (glass wool) that the predator didn’t enter, or by adding prey (immigration) periodically.

2. Huffaker (1958):


Eotranychus and Typhlodromus mites on oranges, with the possibility of partitions in between, along with orange balls that were inhospitable. Also, he put up barriers to the walking predator, and sticks from which the silk-spinning, ‘parachuting’ prey mite could disperse.  Essentially, by increasing the patchiness of the resource (oranges) and by altering the habitat to create marked differences in dispersal rates, he could get the species to exhibit persistent oscillations through time.
E. Complexities and Applications:

1. Achieving Stable Dynamics

 - if predator is inefficient, then both predators and prey eventually achieve high and stable population sizes.

 - If predator can switch to alternate prey, or if the prey have a refuge, then the dynamic equilibrates with prey at low densities (but they don’t go extinct because the predator switches) or at densities dependent on the size of the refuge.

 - Given these likely effects, or the additional stabilizing effects of density dependent effects on the prey, it seems that the oscillations we see must usually be the result of time lags destabilizing otherwise stable relationships.

2. Alternate Stable States

 - dynamics affected by different factors at different densities can be stable at multiple points (densities).

 - Consider a predator population with a Type III functional response, inefficient at low and high densities. The dynamic may equilibrate at low prey density, where prey are limited to refuges, or at high prey densities where prey have escaped the limitation by satiating predators.  Of course, an outbreak can shift the equilibrium from low to high – and a new stable condition.
 - Winter moth: In poor years, the low pupae numbers are consumed by small mammals that keep the population in check.  But in good years, the predators are satiated and the population balloons to the point where predators no longer limit the prey population size.

3. Application: Maximum Sustainable Yield

 - The maximum number of prey items that can be removed without causing a decline in the growth rate of the population is called the “maximum sustainable yield”

 - This will be greatest when the population is growing most rapidly – ie., when a population growing logistically is at 1/2K.

 - In this way, we remove the ‘interest’ (growth differential) generated by the ‘principal’ (population of size 1/2K).  The population will not decline, so if the environment is stable, the N won’t change and we can take the same amount next year.  However, if ‘draw down’ the population, we are ‘spending the principal’.  This smaller population will generate fewer organisms next year (less interest) even if the growth rate is the same.  This produces a vicious cycle where a constant harvest eats progressively into the principal, generating less interest and requiring more draw-down of principal each year.

Study Questions:

1) Write the Lotka-Volterra equation for a prey species.  Given this equation, how is predation limiting population growth (what factor is it contributing too)?  Is this a density dependent effect?

2) Write the L-V equation for the predator population.  What do each of the parameters in the ‘birth rate’ equation represent?

3) What are the oddities in the isoclines for both species – what determines each isoclines density?

4) Why do epidemic “outbreaks” occur periodically?  Answer with respect to the factors that affect the reproductive ratio of the pathogen.

5) Describe the three types of functional responses of predators, and explain why II and II are more biologically realistic than I.
6) The experiments of Gause, and Huffaker shed light on factors that can promote coexistence between predator and prey populations.  Describe the contributions of these experiments, highlighting how coexistence was maintained in each.

7) How can multiple stable states occur in predator-prey systems, and what biological event might result from such patterns?

8) What is Maximum Sustainable Yield?  Explain the long-term problems associated with overharvesting.

