Community Ecology

I. Introduction
II. Multi-species Interactions within a Trophic Level

A. Additive Effects
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 - the effects of competitors can be modeled very easily by Lotka-Volterra models; you would simply add a new term, describing the addition effects of multiple competitors.  Some research has demonstrated that additive effects do, indeed, occur, such as the protist experiments by Vandermeer.  He grew protists in pairwise combinations, and then predicted the outcomes in 3 and 4 species assemblages.  The predictions were met reasonable well.

B. Non-Additive Effects

 - non-additive effects can occur if the presence of a third species affects the impact of the second on the first, which is aN2.  So, there are two ways a non-additive effect can occur – the addition of a third species can change the abundance of the second (N2), and thus the competitive impact, or it can change the nature of the interaction, itself (a).
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1. Indirect Effects:  are mediated by changes in abundance.  So, in the fly example, D. putrida was affected negatively by two other species.  However, when all three species were present, D. putrida did better than when it was competing with D. tripunctata, alone.  So, D. falleni had a direct negative effect on D. putrida (pairwise competition). But, it also had a direct negative effect on D. tripunctata – reducing the effect of D. tripunctata on D. putrida.  “The enemy of my enemy is my friend”.   Well, only when that common enemy is present.  Once things revert to a two-species system, you are enemies again.  Sort of like al-quaeda.  When they were fighting Russia in Afghanistan, we perceived them as our friend fighting a common foe and we gave them lots of money and arms.  Once the threat from Russia was over, the negative interaction between us and al-quaeda resumed.  “The enemy of my enemy is my friend” is a very dangerous and fragile relationship, because it does not define the direct effect in the absence of the common enemy. 
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2. Higher-Order Interactions: are mediated by changes in the per capita competitive effect (a).  These changes can be seen when abundances are kept constant and the effects are non-additive.  In Wilbur’s (1972) experiment with salamanders, A. laterale was larger in the presence of two competitors than in the presence of either, alone.  As density is not affected, the change must come in the per capita effect – which might be explained by the decrease in size.
C. Results
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1. Species Packing:  this is resource partitioning and character displacement at the community level.  What we might expect to see is a non-random ordering of species along a resource or morphology axis. Dragonflies at Congaree National Park perch at heights that are evenly distributed. Weasel species in the middle east provide a nice example of morphological character displacement at the community level – the species are ordered with equal distances between them in canine width, correlating with differences in prey.  The sexes also reduce intraspecific competition by shifting morphologically.
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2. Optimal Body Size:  For most species in a biologically similar group, there is a right skew to the distribution of body sizes… but a size that is most common.  Brown (in another macroecological idea) suggested this might represent the ‘optimal’ body size for a group, based on two basic biological principles.  First, the conversion rate of energy to offspring declines with body size; large organisms are not very efficient at converting energy to offspring – they harvest a lot of energy, but metabolic rates are slow and most energy is used for growth (not reproduction).  However, energy intake increases with body size; larger animals have larger ranges and dissipate less energy to the environment as heat (smaller sa/v ratio).  So, as a function of these two opposing relationships, and for a given group of biologically similar organisms, there should be an optimal body size.  Now, we can think of body size as a niche, in a sense.  There is a benefit to being at the optimal size (uh, that’s what optimal means).  But, as the number of optimally-sized species in an area increases, they will compete with one another and the benefit of being that size will decline – just like the quality of a habitat niche as density increases.  At some point, selection will favor species that are different from this optimal size… creating a skewed distribution.

III. Multi-species interactions across Trophic Levels

A. Keystone Predator Effects
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1. Paine (1966) – Rocky Intertidal

Seastars prey on a wide variety of sessile organisms, from mussels to barnacles to chitons.  However, they prefer mussels, which are also the competitive dominant for space in the intertidal.  Paine allowed and excluded seastars from areas and compared the responses of other species. Seastars exert a direct negative predatory effect on barnacles and other species, but they exert a stronger, positive, indirect effect by reducing the abundance of the competitively dominant mussels and releasing these species from competitive exclusion.  At the community level, plots that had seastars excluded eventually became low diversity ‘monocultures’ of mussels, whereas plots where seastars had access were maintained as high diversity systems with open areas for the colonization and settlement of new species.  He coined the term “keystone predator” – the “keystone” of community structure that supports the diversity of the system.
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2. Lubchenco (1978) 
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Looked at how keystone effects change in different environments and at different levels of predation, using the periwinkle Littorina littorea and its grazing effects on algal diversity. The green algae Enteromorpha is the competitive dominant in tide pools over the red algae Chondrus, but competitive abilities are reversed on emergent rocks in the intertidal.  Snails prefer Enteromorpha everywhere.  So, in tide pools, you get a classic keystone effect from low to intermediate snail densities, as the predator preys on the competitive dominant, reducing its abundance and releasing competitively subordinate species from competition.  As snail densities increase, however, they eventually eat everything in the tide pool and reduce diversity.  On emergent rocks the effects were different, as Enteromorpha and palatable algae got hammered by BOTH competition and predation – so diversity decreased monotonically as snail density increased.  This highlights that the impact of predation depends on the foragin preferences of the predator, the competitive abilities of the prey, and density effects of predation.

3. Morin (1983) Looked at the effect of predation by red-spotted newts on diversity in anuran communities.  In the absence of predators, Scaphiopus (spade-footed toads) and Bufo (American toads) tadpoles competitively excluded Hyla (treefrog) tadpoles.  Newts preferentially feed on large tadpoles (Scaphiopus and Bufo), and so as predator abundance increases, their densities declined and the abundance of Hyla increased – increasing species diversity in the community.  This was the first demonstration of a keystone effect in a vertebrate system.

4. Worthen (1989)

In three species of drosophilids, D. tripunctata competitively dominates over D. putrida and D. falleni.  Add a predaceous rove beetle that eats larvae of all three species, and the competitive intensities are reduced and the competitively subordinate species do better; even though all species are eaten.

B. Apparent Competition

 - We tend to perceive competition as occurring when an increase in one species causes a decline in another species at the same trophic level.  However, indirect effects can cause these same patterns without competition occurring.  Consider two species eaten by the same predator.  Supose one increases for some reason (immigration)… this provides more food for the predator, and their population increases.  This causes a decline in the second species of prey.  So, we might observe an increase in one prey species (by immigration) and a decline in another prey species – looking like a competitive effect but mediated through a shared predator.

C. Apparent Mutualism

 - Likewise, two predators may have beneficial effects on one another, in an apparently mutualistic relationship, mediated through the dynamics of competing prey.  An increase in one predator causes a decline in its prey, which causes an increase in a competing prey species through competitive release.  Now, a second predator preying on this second prey species has more food and increases; all caused initially by an increase in another predator.
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D. Intraguild Predation

 - Finally, our predator prey dynamics can be complicated by the fact that competing species may eat one another, too! This is fairly common in generalists who may consume one another’s offspring or juveniles.  This is REALLY beneficial, actually… by consuming your competitors, you get the fabled “two-fer”… you get a meal, and you reduce the abundance of your competitors and lessen their competitive effect.  This is common in lots of fish communities, usually causing a separation of nursery areas (estuaries, seagrass beds, reefs) where little fish live from open habitats where bigger fish live.  Wissinger et al. (1993) provide a nice example, where two species of dragonfly larvae that both prey on damselfly larvae ALSO prey on one another.  So, the effects of two predators on damselflies are not additive (and not as dramatic as we would expect) because the predators consume one another and lessen their combined impact on damselflies.

So, the take home message is this:  most natural communities contain lots of species that are interacting in complex ways, having both direct and indirect effects on one another.  Although we might discern some large scale patterns like keystone effects on diversity, our ability to predict the effects of losing a species by extinction or gaining a species by introduction of non-natives is very very low.  We have no real idea of how the loss or gain of particular species will affect the diversity of the system… yet we unwittingly change these things all the time – threatening the collapse of the system.  There ARE keystone species.  Because of these networks of interactions, we might remove one species purposefully, only to have a negative impact on a keystone species whose loss causes the system to collapse.

Study Questions:
1) How can we model competition using L-V equations?

2) What is meant by the term “non-additive effects”? Give an example.

3) There are two ways non-additive effects can occur, and these are related to the L-V competition terms.  Describe these two effects in these terms.

4) Give an example of an indirect and a higher order competitive effect.

5) There is an interesting, common pattern in body sizes in biologically similar groups.  What’s the pattern, and how does Brown explain it? 
6) Describe the experiments of Paine and Lubchenco, and state their major conclusions.

7) How can indirect effects produce patterns reminiscent of competition and mutualism?

8) What is intraguild predation, what are the two benefits to the ‘consumer’, and how can they create indirect effects?

9) A food chain is a linkage describing the direct effects between a plant, herbivore and carnivore.  What is different about a food web, especially in terms of the types of interactions that are possible?  What does this do to our ability to predict the effect of gaining or losing a species?

