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

1. Importance

 - the production of crop plants can be limited by herbivorous pests

 - we use predatory insects to control populations of herbivorous insects

 - consumer populations increase when prey are at high density; increasing transmission rates of parasites and pathogens in high density human populations

 - killing or excluding predators from an area can cause their prey populations to explode

 - defining whether and when populations are limited by food (bottom up) or predators (top down) becomes an important ecological question.

2. Examples


a. Cougar and Deer: Extirpate cougars, deer populations explode.

b.Cyclamen Mites: Cyclamen mites are a pest of strawberries, but they are preyed upon by Typhlodromus mites that keep the m in check. Plots lacking predator populations had 25 times higher populations of Cyclamen mites.


c. Cactus Moths: Cactoblastis moth from Argentina brought in to Australia to limit the spread of Opuntia cactus.  Knocked the population back by 99%.


d. Klamath Weed: Klamath weed was introduced from Europe to the western U.S., where it was poisoning livestock.  Introduction of a herbivorous insect Chrysolina reduced populations by 99%.


e. Grazing mammals: Even grazing mammals can limit plant populations, as exclosure experiments with cattle and voles demonstrate.  Where excluded, plant biomass increases and the relative abundance of plants species changes.

f. Wolves/moose on Isle Royale:  Wolves crossed an ice bridge and began to prey on a previously insulated moose population.  Predation is heaviest in winter when wolves run on top of the snow.


g. Urchins and kelp:  The urchins remained high and grazed kelp to nothing because they had an alternative food supply…
B. Oscillating Populations is a Common Pattern
1. Examples

a. Lynx-snowshoe hare data from Hudson’s Bay Trapping Co.

b. Vole – owl populations in Sweden
c. Measles in England
2. Reasons


a. Time Lags: time lags between birth and reproduction in both populations.  So, A prey population experiencing heavy mortality from predators will continue to decline even after the predators have declined, because many of the prey individuals are pre-reproductives and must mature before they can breed.  Likewise, predator populations will lag because they cannot rebound until 1) after the prey population begins to increase and 2) they convert this food into offspring.  The longer the lag, the greater the amplitude in the oscillation (as we saw in single species dynamics). 

b. Seasonal refuges for prey can increase the lag:  The vole-owl example is notable.  In the northern part of the range, the oscillations are large and fluctuate over a 4 year cycle.  In the south, the oscillations are smaller and on a one year cycle.  In the north, the voles are protected from owls by winter snow – delaying owl responses to vole populations and increasing the lag.  In the south, owls can track vole populations more closely, resulting in a smaller oscillation.  With global warming, this trend is moving north.

c. Patterns in Resistance/Susceptibility: Disease outbreaks can also be cyclic, dependent upon the growth of a susceptible population.  In addition, the absolute density of the host population is critical, as that influences transmission rates. Deadly diseases can only persist in a population if the host population is at high density and/or the infection rate is very high.  Selection will tend to favor a decrease in virulence in less dense populations of hosts.
C. Models

1. Pathogens

Dependent on the rate of transmission (b) and rate of recovery (g), which is related (inversely) to the period during which the host is contagious, and the number of susceptible, infectious, and recovered people in the population.  The reproductive ratio of the pathogen =(b/g)S, … so a pathogen population will grow (R > 1, epidemic) if the rate of transmission is high, recovery is slow, or susceptible individuals are common.  In this case, each infected individual infects more than one new host and the disease spreads.  As a disease proceeds and the number of susceptible individuals declines, R ( < 1 and the epidemic declines.  Vaccinations decrease the number of susceptible people and thwart the epidemic growth of a disease.  In the simplest version of this model (single generation), oscillations don’t occur because there is no production of new susceptible people and immunity after recovery is permanent.  However, if you add the production of susceptible newborns or susceptible immigrants, or allow for vertical transmission from parent to offspring, or add a latency period, or allow for reinfection (and not lifetime immunity), oscillations and cyclic epidemic occur because the number of susceptible people can increase… driving R > 1.
Study Questions:

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

2) The experiments of Gause, Huffaker, and Holyoak and Lawler 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.

