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

 As we continue to address the factors that affect the size and growth rate of a population, we must consider the effects of predators, pathogens, parasites, and parasitoids.  All of them harvest energy from their hosts. At the least, this can decrease that individual’s growth rate (and thus, probability of survival) or decrease that individual’s reproduction. These effects on individuals will have a negative impact on the population size and growth rate. At the worst, these things kill individuals  - which obviously has a negative impact on the population.
So, if we are interested in WHY a population has a given size (maybe because it is an endangered species and we want to increase its size) we need to know what is limiting its growth.  Is it limited by food (and intraspecific competition – perhaps because of habitat loss and the whole population being crammed in an ever-shrinking space), or is it limited by predators (hunting pressure by humans, infection from a new disease, or predation by a newly introduced species)?  These factors are called, respectively, “bottom-up” forces (limitation from a ‘lower level’, ie. food in the food web), or “top-down” forces (limited by predators in a ‘higher-level’ of the food web).
And, we also need to understand these dynamics to explain the CHANGES in population size over time.  For example, removal of a predator that was limiting a prey species can cause that prey population to explode to new population sizes, until it is limited by something else – usually a shortage of food. And, introduction of a predator, like the brown tree snake on Guam, can decimate prey populations that have no evolved defenses. As your book describes, the presence of brown tree snakes resulted in the extinction of 9 species of birds, 3 bats, and several species of lizards.
And, we need to appreciate that these relationships evolve.  Remember the Red Queen hypothesis here, and the ‘arms race’ idea that typify these relationships. These are particularly apt descriptors for parasite/pathogen – host relationships. Pathogens are constantly evolving in response to a hosts immune system.  Those that can evade that system (influenza), or cripple that system (like HIV), or colonize a new defenseless host (like COVID-19), can explode.

And of course, gaining this knowledge gives us power to control the dynamics of those populations.  
2. Examples


a. Urchins and kelp:  Sea urchins are omnivores that eat algae (particularly kelp) and some detritus. They are eaten by sea otters and sea stars.  When California sea otter populations were decimated by overhunting in the late 1800’s and early 1900’s (down to 2000 individuals), sea urchin populations exploded and kelp declined. Kelp forests are important nursery grounds for commercially important fish species.  When the fisheries began collapsing, ecologists put the facts together and a moratorium was placed on sea otter hunting in 1911. Populations have largely rebounded, although orca predation and disease may now be limiting growth.
READ this article on another dynamic of this system: https://ktla.com/news/local-news/sea-urchin-population-explodes-off-california-coast-decimating-kelp-forests-in-pacific/

b. Cactus and “Biological Control Agents”: Cactus are native to the Western Hemisphere, and were absent from Australia. They were purposefully introduced into Australia as ‘living fenceposts’ to delineate pastures. Freed from their predators in this new environment, their populations exploded (see book). Ecologists found that, in South America, the growth of cactus was limited by the Cactoblastis moth, whose caterpillars eat the pads. The moth was purposefully introduced, and cactus was reduced and controlled. Thus, the use of one species to control another as a ‘biological control agent’.

c. OOPS! Cane Toads: Cane toads are native to Central and South America, and were introduced into Australia in 1935 to control two species of beetle that feed on sugar cane. They ate the beetles, but ate everything else, too, including species of small mammals. In addition, they have large parotoid glands that secrete poison; a poison that no native species have immunity against.  So, snakes, large lizards and reptiles, and birds can die when they eat them.  Curiously, some species are adapting by only eating the legs, or by evolving detoxification measures.
B. Oscillations in Predator and Prey Populations is a Common Pattern
1. Examples
a. Lynx-snowshoe hare data from Hudson’s Bay Trapping Co. (Fig. 14.7, pg. 317).
c. Measles in England (see figure 15.15 on pg. 350)
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 pre-reproductives must mature before they can breed, but older individuals are dying of natural causes.  Likewise, predator populations will lag because they cannot rebound until 1) 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 in Populus, remember?). 

b. Refuges for prey can increase the lag:  A 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. Spatial refuges are also important.  So, if the prey is more vagile – has higher/faster dispersal characteristics – it can colonize new areas and increase before the predator finds it.  

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.
3. Other Patterns

More stable, non-oscillating patterns can arise under two other scenarios.  First, suppose the predator is a generalist that feeds on more than one prey species.  It may be able to switch from prey to prey as one or the other becomes more abundant, while it maintains a rather constant population size. The prey populations might be oscillating, but ‘out of phase’ with one another – maintaining a constant supply of food for the constant predator population.
Also, a very inefficient predator may simply be harvesting ‘surplus’ organisms from the prey population, not affecting its growth rate much.  Maybe a predator can only harvest old prey animals. Well, those animals aren’t adding much to the growth of the prey population, so the prey population won’t fluctuate.  Yet, individuals in it will continue to age, providing a constant supply of food to the predator, which will equilibrate with this constant food supply.  Another way this can work is if the prey population has a ‘predator-free’ space, or refuge. It will grow and produce more individuals than can hide in the refuge, so there will always be a surplus available to the predator.  In both cases, the reproductive capacity of the prey is really not influenced by the predator, so it can achieve an equilibrium while still producing a surplus of individuals that sustain the predator.
C. Modeling Pathogens like COVID-19

The dynamics of a pathogen-host interaction are affected by several factors. The terminology in your book is a bit ambiguous, so stick with this:
 - First, it depends on the rate of transmission (b).  This is the proportion of susceptible individuals who are exposed to an infectious carrier AND THEN become sick. Obviously, this is a populational average that depends on the behavior of individuals. The rate of transmission of HIV is generally low. However, the rate of transmission in the subpopulation of sexually active people is higher.  
 - Second, the contact rate between infected (I) and susceptible (S) individuals is critical, and  = I x S. So, the contact rate will be high if either or both the number of infected OR susceptible individuals is high.  
 - The product of the contact rate and the transmission rate = the Rate of Infection = I x S x b. So, obviously, let’s think about this in the context of COVID-19.  We, as a population, are trying to reduce the rate of infection a number of ways.  We are trying to reduce the contact rate by ‘social distancing’ and ‘quarantine’. We are trying to reduce the transmission rate by washing hands, not touching our face, and sterilizing surfaces. 
 - The next factor is the rate of recovery (g). The faster the rate of recovery, the shorter the period of contagiousness. At a populational level, we have to estimate the number recovering  = I x g  (the number infected x rate of individual recovery).

 - So, now we want to know if the disease will spread. Well, if the infection rate is greater than the recovery rate, it will spread.  In other words, if (I x S x b)/(I x g) > 1, it will spread. This ratio is called the reproduction Ratio (Ro), and can be simplified to = (b/g)S, … so a pathogen population will grow (R > 1, epidemic) if the rate of transmission is high (highly contagious), if there are lots of susceptible people, or if recovery is slow.  In this case, each infected individual infects more than one new susceptible 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 epidemics occur because the number of susceptible people can increase… driving R > 1.
Ps – we won’t cover the Lotka-Volterra predation models. 
E. Complexities
1. Density Dependent Predation
The efficiency of a predator may depend on the density of the prey. These effects create different “functional responses”. A type I response shows a constant rate of harvest.  As prey density increases, more prey are captured.  In a type II response, efficiency drops at higher prey densities due to handling time constraints. As prey density increases, the predator will eventually be processing prey as fast as they can.  Adding more prey doesn’t matter anymore; they can still only kill them so fast… so the rate of harvest (#killed/#available) declines. In a type III functional response, the rate of capture is low at low densities AND high densities.  The rate is low at high densities because of handling time, as in type II.  But the rate is low at low densities because of inexperience with the prey. At low densities, the predator may not develop a search image for the prey; and it may not encounter them often enough to learn how to kill them efficiently. Eventually, as prey density increases, predators learn to kill them quickly and efficiency increases.
2. Alternate Stable States

  - 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 satiated, handling limited predators.  So, there are two stable situations at low and high prey densities, with an inflection point in between. So, if the prey can explode past this inflection, 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. Mesopredators and trophic chains

 - Once we extend our consideration from a two species predator prey system to a three species system, things can change. In the U. S., the eradication of top predators like puma, grizzly bear, and wolves has ‘released’ populations of smaller ‘mesopredators’ like coyote, bobcat, and feral cats which were both the prey of top predators and subordinate competitors. The increase of these mesopredators may actually put MORE pressure on prey species than the original pressure of the top predator. We will have a reading on that.

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.” Small populations are growing slowly, adding a few individuals, so the MSY is very small. For large populations near their carrying capacity, the MSY is small, too, because the population’s growth rate is also low. So, the greatest MSY will be 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 high.  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. And of course, although harvesting a population at 1/2K gives us the biggest harvest, it DOES reduce the population to ½ it’s carrying capacity – ½ its maximum size – and that can have ecological consequences for other species that depend on it or are limited by it.
Study Questions:

1) A population may be limited by ‘top-down’ and ‘bottom-up’ forces.  What are these and how can they limit the growth rates of populations?

2) Removing predators can result in dramatic changes to the whole ecosystem. Describe what is happening in the pacific as a result of the loss of sunflower sea stars (reading).
3) Explain why time lags cause oscillations in predator-prey dynamics.

4) What are we doing to reduce the spread of the COVID-19 virus, relative to the terms in our model of spread?
5) How can a type III functional response explain stable eruptions of prey species?  Describe in terms of a predators ability regulate the prey population.
