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A. The Species-Area Relationship

1. The Pattern

Almost all organisms – across different taxonomic scales and physiologies, show this pattern.  As sampling area increases, species diversity increases. Why?

2. The Theory of Island Biogeography

MacArthur and Wilson (1967) suggested that species diversity in a community might be an equilibrium between colonization (adds species) and extinction (subtracts species).  The created a model which considered how these effects might play out on “islands” of isolated habitat, being populated from a source ‘mainland’ with a particular fixed species pool.

a. Islands Size Effects
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 - The colonization rate to large islands should be higher than the colonization rate to small islands… as a combination of large islands being larger ‘targets’, and as having more habitats so that the colonists would have a better chance of establishing a population.  This has been confirmed by sampling experiments, except among small islands (differing in size) which don’t have very different habitats.  
 - The extinction rate, however, should be higher on small islands.  Small islands will have fewer resources and will house smaller populations which are more likely to bounce to zero randomly.

 - Now, when we represent these functions in relation to species richness, things work like this:  The colonization rate is a decreasing function of species richness… because as species richness increases on an island, the probability GOES DOWN that the next colonist from the mainland species pool will be a NEW one to the island.  However, the extinction rate is an increasing function of diversity, because the more species there are, the more likely it is that one of them, by chance, will go extinct.

 - So, if we combine the decreasing colonization functions and the increasing extinction functions for large and small islands, we see that the functions intercept at a higher richness value on large islands than on small islands… meaning that large islands have a higher EQUILIBRIUM species richness value than small islands.  Species are being added and lost all the time, but the equilibrium richness is maintained and is higher on large islands.

b. Island Isolation Effects (Distance from Source Populations)

 - MacArthur and Wilson realized that isolation could have similar effects, in that more distant islands would have lower colonization rates, and higher extinction rates, than close islands.  The extinction rates would be higher because, once extinction occurs, a distant island would be far less likely to be recolonized again.  In a sense, near islands might even maintain themselves just by migration – continually ‘rescued’ from extinction by migrants.

c. Empirical Tests
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 - Porcasi et al. (1999) – Catalina islands off California.  Over 50 years, the number of bird species is fairly constant, yet there has been a significant change in the actual membership of these communities (turnover).

 - Simberloff and Wilson (1970) manipulated mangrove islands in the Florida Keys… collecting all the isects by fumigation, and then looking at the pattern of recolonization.  Islands tended to recover to richness values near the original levels, and yet there was continual turnover.
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3. Why is this important? Fragmentation

This theory is one of the most important contributions to community ecology, because it is so easily genralizable to a variety of habitats at many scales.  In fact, one might even consider continents to be islands with barriers to dispersal between them.  Habtats are naturally subdivided – be they separated by rivers, land, or elevational change.  

And of course, one of the most important effects that humans have had on natural landscapes is to reduce their size and subdivide them.  So, simply as a consequence of the reduction in size of an area, we should expect local species extinctions and a reduction in species richness.
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4. The SLOSS debate

So, in the ‘70’s, ecologist and conservationists became concerned with the rampant loss and fragmentation of tropical rainforests – and were concerned about the loss in diversity that these changes might cause.  Several organizations from developed countries were established to help study and protect rainforests, including the Organization for Tropical Studies, which oversees the sites we visit in the “Tropical Ecology” course.  In any case, the issue was this: given the reduction and fragmentation of habitat, how should we best maintain biological diversity?  Should we save single large areas that should maintain the most species on that one island, or should we protect several small islands that may be maintaining different species and more, cumulatively, than the one big island?  The answer turns on how the communities are structured with respect to ‘membership’ – not just how many species are present on islands, but who they are, and what the patterns in membership are as islands size increases.  In short, the issue turns on the question of ‘nestedness’.
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5. Nestedness

A set of communities is said to be nested if the species found in low-diversity communities are also found within the set of species in high diversity communities.  So, community sets are nested within one another as diversity increases, like a set of Russian dolls.  Many communities are nested, for a variety of reasons similar to the species-area relationship, itself. Large islands are likely to have the habitats on small islands PLUS other habitats, so they should harbor the species on small islands PLUS other species.  Extinction patterns should be non-random, too; small islands will lose the same species for biological reasons – so top predators will be lost from all small islands, and species sensitive to the same size-dependent disturbances will be lost from stressed habitats.  So, even if you begin with unnested communities, the application of stress to these communities – caused by reduction in area or environmental stress – will cause a non-random loss of sensitive species and can cause the communities to decay to a nested subset of tolerant species.

Study Questions:
1. Give two reasons why colonization rate should increase with island area, and one reason why extinction rate should decline with islands area.

2. Describe the results of the surveys in the Catalina islands and the mangrove islands in the keys.  What essential features of these studies provide support for the equilibrium theory of species richness?

3. Why is the theory about “islands” become so important to issue of conserving biodiversity? Provide a couple examples?

4. What is nestedness and how would it influence decisions about conserving “single large” or ‘several small” areas?

2.  Describe three factors that can cause nestedness.

3. Why might initially unnested system “decay” to a nested set of communities? Provide an example.
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