Population Ecology

I. Attributes

II.Distribution
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III. Population Growth – changes in size through time

IV. Species Interactions

V. Dynamics of Consumer-Resource Interactions
VI. Competition

 A. Overview

 – When there is not enough of a resource to support the full growth, development, reproduction, and population growth of individuals or populations, then the removal of the resource by one entity reduces the resources needed by the other.  This may result in slower growth rate, slower development, smaller size, lower birth rate, higher mortality rate, or behavioral changes in resource use.  These interactions affect both entities negatively, although the effects may be equal  (symmetrical competition) or unequal (asymmetrical).

1. Types:
- exploitative/scramble – organisms remove what they can; neither gets enough to maximize growth and reproduction. 
 - territorial/contest/interference – competition for access to the resource, with ‘winner takes all’.  Although the winner gets all the resource, they still suffer the negative energetic cost of the competitive interaction.  So, although the dominant bird may win the territory, it takes that bird a lot of energy to defend it and continual drive others from the area… reducing its survival.
2. Outcomes
 - Reduction in Growth, Metabolism, or Reproduction
 - Competitive exclusion (one species wins)
 - Coexistence by resource partitioning.  This also represents a cost.  We assume that organisms use the resource with the biggest energetic benefit (optimal foraging theory).  Shifting to a less optimal food may reduce competition (and be more adaptive than competing for the high quality food and getting less), but it is still sub-optimal and imposes a comparative energetic cost.

 - Character Displacement: When forced to use a new resource, individuals will use that resource less efficiently, at first.  However, there will be selection for the reaction norms that can produce that optimal phenotype (that uses this resource efficiently) with the greatest energetic and developmental efficiency.  The population may adapt morphologically, and change its morphology to exploit this new resource more efficiently.  This is character displacement.
A. Empirical Studies
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1. Gause (30’s) 
 - Grew pairs of Paramecium species alone and together.  Found that P. aurelia and P. caudatum could not coexist in mixed culture.  However, P. aurelia and P. bursaria could coexist.  He noted that unlike the two other species, P. bursaria fed on the glass, not in the open water.  

- Gause coined the “competitive exclusion principle” – two species cannot coexist if their requirements are the same (same niche).

2. Park (‘50’s)
- Grew flour beetles under different environmental conditions.  Demonstrated that the outcome of competitive interactions was dependent on environmental conditions.
3. Connell (60’s) 
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-explained the zonation pattern in the intertidal region as the result of the combined effects of desiccation tolerance and competitive ability.

- Banalus is the superior competitor under benign conditions, excluding Chthamalus from the lower intertidal.

- Chthamalus is limited to the upper intertidal, where it can tolerate the greater desiccation stress.

4. Emery, Ewanchuk, and Bertness (2000’s)

- zonation in salt marsh plants is affected by salt tolerance and nutrient limitation.  Under natural conditions, superior competitors use the relatively benign environment, pushing weaker competitors to more stressful environments.  However, if nutrients are added (relieving competition), then the stress-tolerant plant dominates.
B. Modeling Competition
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1. Intraspecifc Competition
- we have already modeled one type of competition: intraspecific competition.  In the logistic model, as the density of a population increases, there are fewer resources per capita and this affects either the birth rate (negatively), the mortality rate (positively), or both.
2. Lotka-Volterra Interspecific Competition
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a. Competition Coefficients: 
 - The presence of another species that is removing resources from the environment will LOWER the density at which our target population will equilibrate.  The amount of this decrease depends on the number of competing organisms, and the rate at which they remove resources.  If we want to graph this relationship on a graph where our y-axis is N1 (or represent it in equation form), then we need to represent this decline in terms of N1 individuals.  This requires a “conversion term”, α, which is the “per capita effect of N2 individuals in terms of N1 individuals”.  For example, if 10 N2 individuals causes the population of N1 to equilibrate at a size 20 individuals lower (60 vs. 80, for example), then a = 2; apparently, each of the N2 individuals eats twice as much as an N1 individual, so 10 of them are “exerting the competitive effect” equal to 20 N1 individuals.
 - So, our logistic model for the growth of species 1 = dN1/dt = r1N1 ((K1 – N1 – αN2)/K1)

 - And Likewise, the equation for species 2 = dN2/dt = r2N2 ((K2 – N2 – αN1)/K2)

b. Isoclines
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 - So, when species 1 is alone (N2 = 0), it grows to its carrying capacity of N1 = 80.  When there are 10 individuals of N2, N1 equilibrates at 60.  When there are 20 N2 individuals, N1 equilibrates at 40; when there are 30 N2 individuals, N1 equilibrates at 20; and when there are 40 N2 individuals, each eating as much as 2 N1’s, then they exert a competitive effect equal to 80 N1 individuals and there is no food left for N1 individuals to eat.  So, when N2 = 40, species 1 is competitively excluded (N1 = 0).

- Now, we can plot each of these equilibrium points in terms of N1 and N2 densities.  These points form a line, called an isocline.  Anywhere along this isocline, dN1/dt = 0.  Above the isocline, N1 will decrease.  Below the isoclines, N1 will increase.


c. Dynamics
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 - We can plot the isoclines of both species on the same graph, and see how the species both change in response to the competitive interactions between them.  If one isocline is completely above the other, then this species will be able to continue to increase even after the other has reached its isoclines an equilibrated.  Hmmm… but if this species continues to increase, it will impose a progressively greater competitive effect on the equilibrated species. Yes…meaning that the equilibrated species will decline, and equilibrate at a new lower level.  But even here, the other species can continue to increase.  Eventually, the species with the lower isoclines is competitively excluded from the environment.

- If the isoclines cross, then there is a point (intersection) where both species equilibrate at non-zero values.  This means that both species can exist in the environment – this is coexistence.  So, competitive exclusion is not the ONLY result that competition can produce, as we saw in the empirical studies.

-Look along the axis of each species.  If each species reaches its K before it reaches k/α, then it will reach its own carrying capacity (K) before it can reach a density at which it would competitively exclude the other species (K/α).  So, this dynamic will converge on coexistence – both species will persist because neither can exclude the other – they are limited more by their own densities and the environment than by the other species.

 - However, if each species can reach K/α before it reaches its own K, then the coexistence is unstable.  A shift in densities off the equilibrium will give an advantage to one or the other species, which will drive the second species to extinction.


d. Problems with the L-V Models

 - not totally predictive in the case of two species; you have to do the competition experiment to define the α’s under one condition.  Then you could make predictions about the results at other densities.

- The nature of the competitive interaction is undefined… what are they competing for? 

3. Tilman Models (1982)


a. Competition by exploitation of resources
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 - Species in single-species treatments are monitored for the rate at which they reduce mineral nutrients, and the amount of nutrients they need to sustain population growth (isoclines).

 - then, based on a combined analysis of two species’ isoclines, we should be able to predict the outcome of competitive interactions based on the ratio of resources in the environment, the rates at which the species consume these resources, and the minimum required amounts that each species needs for population growth.

 - so, we don’t have to DO the competition experiment first to predict competitive outcomes, and we also KNOW what they are competing for (nutrients) and HOW (exploitation).
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b. Isoclines and predictions

 - species with high requirements will lose competitive contests – the winner will be those species that can continue to increase on the least amount of resource. (We might want to think about the relevance of this conclusion for humans, who may appear to be “winning” and growing now, but who require sooooo much that we will reach our limitations first… like when oil runs out, that no other organisms will be limited by.)

- if isoclines intersect, then coexistence is possible if the consumption curves drive the resource ratio to the equilibrium point.  This will happen if both species rapidly consume the nutrient that THEY require the most of.  In this case, each species will limit its own growth more than it limits the growth of the other species, and a stable coexistence will occur.  Think of the Lotka-Volterra analog.  However, since both resources are being consumed, a skewed initial ratio could lead to the extinction of one species or another (which differs from L-V).

- However, if each species rapidly consumes the resource that the OTHER species needs most of, then it is a race that will be determined by the initial resource ratio in almost every case and coexistence is almost impossible.

 - So, the outcome of competition is dependent on the ratio of resources.

[image: image10.jpg]



c. Experimental Validation

 - Tilman has studied this in plankton and prairie grasses, and found that resource ratios were predictive.

 - Experiments also confirm the “paradox of enrichment”, in which competitive outcomes change when nutrients are add… in fact, one species may come to dominate an initially diverse community.  Think of fertilizing your lawn to promote the growth and competitive ability of grass over other weeds that persist under low nutrient levels.
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b. Isoclines and predictions

 - species with high requirements will lose competitive contests – the winner will be those species that can continue to increase on the least amount of resource. (We might want to think about the relevance of this conclusion for humans, who may appear to be “winning” and growing now, but who require sooooo much that we will reach our limitations first… like when oil runs out, that no other organisms will be limited by.)

- if isoclines intersect, then coexistence is possible if the consumption curves drive the resource ratio to the equilibrium point.  This will happen if both species rapidly consume the nutrient that THEY require the most of.  In this case, each species will limit its own growth more than it limits the growth of the other species, and a stable coexistence will occur.  Think of the Lotka-Volterra analog.  However, since both resources are being consumed, a skewed initial ratio could lead to the extinction of one species or another (which differs from L-V).

- However, if each species rapidly consumes the resource that the OTHER species needs most of, then it is a race that will be determined by the initial resource ratio in almost every case and coexistence is almost impossible.

 - So, the outcome of competition is dependent on the ratio of resources.


c. Experimental Validation

 - Tilman has studied this in plankton and prairie grasses, and found that resource ratios were predictive.

 - Experiments also confirm the “paradox of enrichment”, in which competitive outcomes change when nutrients are add… in fact, one species may come to dominate an initially diverse community.  Think of fertilizing your lawn to promote the growth and competitive ability of grass over other weeds that persist under low nutrient levels.

Study Questions:

1) What is the competitive exclusion principle, and how did the results from Gause’s experiments lead him to this conclusion?

2) What were the important nuances to competition revealed by the experiments of Park, Connell, and Emery?

3) Write the L-V equations for two competing species.

4) Define αN2

5) Consider the figures, below.  State what the outcome will be if the initial densities are as indicated (red dot), and explain why in terms of isoclines and the rates of growth of the two populations.
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6) How does the Tilman model solve the shortcomings of the Lotka-Volterra models?

7) Explain what a consumption curve is, and explain how the relationships between two species’ consumption curves can determine whether stable coexistence is possible.

8) Distinguish between scramble and contest competition.

9) Why might one species win in one environment but another species win in another environment? Use a real example we discussed in class.  What kinds of physiological trade-offs might be at work here?

10) Competition affects both species negatively.  How might these negative effects be manifest?

11) How can competition be a selective pressure for evolutionary change and adaptation?
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