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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.
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B. The Latitudinal trend in Diversity

1. The Pattern

 - across all types of organisms (plants, animals, protists) that live in all types of habitats (terrestrial, marine, freshwater), we see that diversity increases from the poles to the tropics.  This general pattern suggests that there might be a general determinant… but ecologists have found each prediction wanting in one regard or another.

 - Also, these latitudinal patterns are often confounded (or moderated) by other large-scale climatic correlates.  For example, although tree, amphibian, and reptile diversity does decline with increasing latitude across North America, there is also a very strong cline from east to west that correlates with differences in moisture availability. 

2. Potential Causes

a. The energy-diversity hypothesis:  The amount of energy/unit are also declines with increasing latitude, and many ecologists have suggested that this correlation with diversity might be causal – for several reasons.  First, more energy into a system means more plant productivity.  More plant production means more herbivore biomass can be supported, and more carnivore biomass, and more higher levels of a trophic pyramid.  So, diversity may be greater because of this quantitative increase in the base of a food web, creating “bottom-up” effects on diversity. Tropical systems are indeed more productive, per unit area, than temperate or polar systems.
Energy and productivity may also increase diversity for qualitative reasons.  The tropics not only have MORE productivity, they have more KINDS of productivity – more types of plants, allowing greater specialization by more types of animals.  We tend to see this diversity evolving by sister species using slightly different resources.  This should make sense; sister species are probably very similar, and so they would have to partition some important resources in order to coexist without competitive exclusion.

More species and longer food webs means more predators, and the possibility of maintaining that diversity by keystone, “top-down” effects.

Finally, another aspect of the energy-diversity hypothesis suggests that the rates of evolution, adaptation, divergence, and speciation might be higher in the tropics under increases energy irradiation. Increased radiations means more mutation (increasing diversity), and higher metabolism, faster development, and shorter generation times.  So, in a given amount of time, tropical populations should have greater variation and more bouts of reproduction (read: more opportunities for “differential reproductive success” = SELECTION).  So, with more selection, populations should adapt more quickly, diverge from sister populations more rapidly, and speciate more quickly, too – producing more species in the tropics. Curiously, however, Weir and Schluter (2007) found that sister species in the temperate zone have a more recent divergence time than species pairs in the tropics – suggesting that they are of more recent origin.  We will revisit this later, though.
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b. Habitat heterogeneity hypothesis: A landscape with more habitats can hold more species; so perhaps the tropics have more habitats than the temperate zone.  This is certainly the case, as they both have tundra, grassland, desert, evergreen, and deciduous forest, while the tropics add rain forest, cloud forest.  These differences explain variation and diversity at a landscape scale, however, in terms of beta and gamma diversity.  Why, though, might a single forest in the tropics have more diversity than a forest in the temperate zone?  The structural diversity in the tropics is greater, too, with emergents and lianas.  Animal diversity correlates with structural diversity of the plant community.  And of course, the increase in habitat variation could also just be a function of greater habitat area… the tropics have larger expanses of habitat because they are at the fattest part of the earth… so the latitudinal diversity pattern could be a function of the species-area pattern.

c. Intermediate Disturbance Hypothesis  Connell (1978):  The tropics may be more diverse because they experience an intermediate level of disturbance – not as dramatic as a winter, but more localized and patchy and less intense: storms.  Disturbance increases with the frequency, intensity, or areal extent of the disturbance.  So, winters are strong because they are frequent, intense, and large.  A storm is infrequent, local, and patchy in intensity.  The idea is this:  at low disturbance, competitively dominant species exclude subordinates and diversity is low.  At intermediate levels of disturbance, habitat remains open, the superior competitor can’t exclude inferior species, and diversity is high (think Lubchenco).  At high disturbance, only the species tolerant of the disturbance can survive and diversity is low.

[image: image5.png]


d. Environmental Stability Hypothesis: The temperate zone is interrupted by winter each year, knocking diversity back.  Over geologic time, the glaciers covered the temperate zone, driving diversity back.  The tropics are warm and stable, and diversity can accumulate – like over successional time.  The problem here is that the tropics are seasonal, too – with rainy seasons.  Also, the planet was much drier over all during the glacial periods – even the tropical rainforests were reduced to islands with the only large expanses driven by rain shadow effects. However, there is no doubt that these droughts were not as sever as glaciers.  And, based on niche measurements, it does appear that some species have had trouble recolonizing the habitats that they may have exploited before the glacier.
C. Changes through Ecological Time: Succession

1. Definitions

 - succession:  a change in community structure over time.

 - pioneer community: the first community to colonize a new or newly opened habitat.

 - successional stage: a community between the pioneer and climax communities

 - climax community: the last community in a sere – the community that replaces itself.
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2. Types of Succession

a. Primary

The succession that occurs on a substrate that has no been previously vegetated… newly deposited sand, newly exposed rock, or newly formed rock (lava flow).  Typically, the earliest colonists are wind or water dispersed and not animal dispersed, as animals have little reason to come to a place that has no food yet.  Sometimes ‘bog succession’ is treated as a type of primary succession, as plants are ‘colonizing’ the open water habitat, and the mechanism is similar to other primary seres.

b. Secondary 
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Succession that occurs on a previously vegetated substrate, initiated after a disturbance has removed the previous vegetation.  In every habitat the patterns of community succession may differ.  In the eastern deciduous forest, succession proceeds from a field of annual ‘weeds’, to perennial ‘weeds’ (herbs with non-woody tissue), to woody shrubs and fast-growing trees like red cedar and pines, to a climax of hardwoods that depend on the particular environmental conditions.

c. Disturbance-mediated Succession

Many communities have a successional process that is curtailed or maintained by frequent disturbance.  ‘Fire-mediated’ succession is a classic example, like in the Sand Hills of SC or the Pine Barrens of NJ.  Fires are so frequent (at least every 20 years) that slow-growing and fire-sensitive hardwoods can not come to dominate.  So, the ‘endpoint’ of the successional sere is a ‘fire-mediated’ climax community of longleaf pine (SC) or pitch pine (NJ) that are adapted to high-frequency fires.  Check the field trip handout for adaptations of both these species to high fire frequency.

In addition, the nature of successin and the variation in communities over the landscape will depend on the spatial and temporal pattern of disturbance.  Weak disturbances may only set back the ‘successional clock’ to one stage earlier, allowing for rapid recovery.  Strong disturbances may remove more biomass and set back the clock to a much earlier stage, requiring more time for recovery.  Likewise, the size of the disturbance is criticl to the pace of recovery.  Small areas are quickly recolonized from the surrounding matrix, whereas large areas recover more slowly, often by encroachment from the edge.
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d. Heterotrophic Succession

These are regulr changes in the animal communities over time.  It is most descriptive of changes that occur as a result of interactions between the animals, rather than as a passive response to changes in the plant community.  So, for instance, carrion and corpses are often colonized by a fairly regular sequence of carrion-feeders.  In fact, the regular sequence of beetle and fly species that colonize a corpse can be used to define the time of death (forensic entomology).  There are also patterns in large grazer communities in African savannah.  Smaller species like Thompson’s gazelles don’t like to forage in tall grass, and will only come into a habitat after the large grazers have been through and have eaten down the grass.

3. Mechanisms
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a. Facilitation

Pioneer species change the environment in a way that INCREASES the ability of other species to colonize.  Indeed, later species can not colonize unless the pioneers have done so.  Bare rock must be colonized by lichens and moss before enough soil is created to support vascular plants.  Carrion beetles must open holes in a carcass before fly maggots can gain access.  Sphagnum moss must extend over a bog before enough windblown soil and decaying detritus builds up to support vascular plants.
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b. Tolerance

Here, late species tolerate the presence of early species but don’t ‘need’ them.  Many secondary successional sequences seem to behave this way, where early species get in sooner and dominate, but don’t really affect the ability of later species (like trees) to colonize… in fact, they may all colonize at the same time, but since trees grow more slowly, the weeds dominatefor the first few years.
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c. Inhibition

Early species inhibit the success of later colonists.  This creates different seres, depending on who gets their first… this is called a ‘priority effect’, and it means that the structure of the community is dependent on the order of colonization.  If bryozoans colonize reef substrate, tunicates and sponges can’t.

4. Community Patterns 

 - The characteristics of early and late successional communities change, from pioneer communities with open nutrient cycling, little competition, small generalist r-selected species in low diversity, linearly connected webs to late successional communities with closed nutrient cycles in competitive environments dominated by a lot of biomass of large specialized K-selected species linked in complex, highly connected complex webs. 
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D. Changes through Geologic Time

1. Patterns in diversity

 - The general pattern in taxon diversity is an increase through geologic time.  Although there have been dramatic declines in diversity during periods of mass extinctions, and although there is probably a strong sampling effect involved (older species are less likely to have a fossil preserved up to the present)

 - for higher taxa, we often see a pattern of “innovation, radiation, and contraction”.  A new group evolves; for fossils, this necessarily means the innovation of a new morphology (as we see nothing else).  We then see the radiation of a groups of species with this new trait.  This often correlates with a decrease in diversity of another (typically more primitive) group.  Then, we may see a contraction in the number of taxa within the group – either as a result of competition within the group or as a function of competition from a more advanced, recently evolved group.

 - radiations can occur for three reasons, all associated with the “colonization of a new adaptive zone”… a new adaptive zone represents a new way to use a resource, or a way to use a resource not already in use.  This can occur through an evolutionary innovation (change in the population), through the colonization of a new place that has open niche space (change in location), or through the extinction of dominant competitors (temporal change in the environment).

2. The importance of ecological interactions to geologic patterns in diversity

 - Competition is discussed, above – causing competitive contraction within a group, or the competitive displacement of one group by another.
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 - predation has also been important as a selective pressure favoring major new morphological innovations – like hard body coverings.  Prior to the Cambrian, multicellular animals had no hard parts.  Worms were prey to stinging cnidarians (polyps, jellyfish). This predation pressure meant that the evolution of hard parts was strongly selected for – resulting in the colonization of a new adaptive zone – “predator-free space”.  Arthropods and mollusks radiate dramatically, and the Cambrian explosion was the result – in part due to the increased likelihood of fossilizing hard parts.

 - mutualisms have also had important effects in spurring diversity.  The evolution of eukaryotes by endosymbiosis is one example, the evolution of endosymbiotic fungi in plants is another, and the evolutionary ‘exploitation’ of insects by plants is another… the radiation of flowing plants correlates with the radiation of the major groups of insect pollinators – hymenopterans (bees, wasps, ants), dipterans (flies), lepidopterans (moths and butterflies), and coleopterans (beetles).
Study Questions:

1. 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.

4. Describe one taxonomic pattern in species richness where the latitudinal diversity pattern is complicated by patterns in moisture.

5. There are several effects that “energy” might have on diversity.  Explain “bottom-up” quantitative and qualitative effects, and also why these would produce top-down effects.

6. Explain the “evolutionary speed” hypothesis.
7. Explain the habitat heterogeneity hypothesis.

8. Describe the intermediate disturbance hypothesis.  Why would the tropics have higher diversity under this hypothesis than the temperate zone?

9. Describe how environmental stability might promote tropical diversity.

Study Questions:
10. Define “succession”, “pioneer community”, and “climax community”.

11. Distinguish between primary and secondary succession, and give an example of each.

12. How does the size and frequency of disturbance influence successional rates, and why?

13. Distinguish between the facilitative, tolerance, and inhibitory models of succession, and give an example of each.

14. List six characteristics of early and late successional communities, and 4 characteristics of the life-history of the species that dominate these communities.

15. What common pattern do we see in association with the evolution of a novel morphology? 

16. What are three reasons for adaptive radiations?

17. Provide examples of how competition, predation, and mutualisms have been important in the evolution of new groups.  Be specific.
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