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Biodiversity and Ecosystem Function

Today's Guest Speaker: Wendy Silver, ESPM. Worked in tropical rain forests a lot. Looked at ecosystem function and the role of biodiversity in ecosystem function

Outline

1. Why conserve biodiversity

2. Primer on ecosystem ecology

3. Studies which show that biodiversity is important for ecosystem function

4. Studies which suggest that biodiversity is NOT important for ecosystem function

The role of biodiversity in ecosystem function is a hot topic right now. Covered a lot recently in Nature and Science. People want to use it as a justification for conservation of biodiversity.

Arguments Why We Should Conserve Biodiversity

1. Ethical (including the aesthetic)

2. Genetic well-being. Need to maintain genetic diversity for the health of the planet, humans

3. Undiscovered resources - out there is the cure for cancer, hair color, new foods, etc.

4. Biodiversity provides us with ecosystem services (e.g., clean air, clean water, food, building materials, etc.). This argument was developed because (in her opinion) people needed to come up with a way to put economic value on biodiversity. You can't really attach an economic value to the other three arguments for the conservation of biodiversity. Biodiversity contribution toward ecosystem services is studied by looking at the role of biodiversity on ecosystem processes (which are related to ecosystem services).

Primer on Ecosystem Ecology

I. Ecosystems comprise flows of energy and materials. 

EE are primarily concerned with the flow of energy and materials through the ecosystem. Ecosystems ecologists are concerned with how plants and animals process:

· Energy - carbon, organic matter. Organic matter is 50% carbon. Carbon is used in a lot of ecosystem processes.

· Nutrients

· Water

· Non-nutrient chemical species that also help fuel processes.

EE love to make box models. Boxes for soil, plants, air, etc. Box models get very complex. Also have computer models.

II. nutrient cycling (aka biogeochemistry)

· Biogeochemistry focuses on understanding the flow of nutrients between soil, water, atmosphere, and organisms.

· >30 essential nutrients for life. We mostly pay attention to macro nutrients, Ca, Mg, K, P, N. 

· Nitrogen is the most commonly inhibiting plant growth in the N. hemisphere. N2 has dominated the ecosystem debate - only element focused on in the debate of the role of biodiversity in ecosystem function. However we need more than N2 to live.

· Nutrients generally move from soil, to plants, back to soil.

· Decomposition - process of grinding up organic matter and converting it back to its constituent parts. Process of decomposition is controlled by a variety of organisms. Most ecologists focus on fungal and bacterial decomposition, but there are also invertebrates and vertebrates which contribute to decomposition by breaking it down into smaller pieces. This is a new area of debate in biodiversity-ecosystem function debate, exciting because animals involved, multiple species. The biodiversity-ecosystem function debate so far has focused almost entirely on plants. But now there is debate on animals also.

III. Productivity - two levels

· Primary producers – plants

· Secondary producers - things which eat plants and each other.

· Most of the biodiversity-ecosystem debate has focused on primary producers - humans are more concerned with productivity because that is the process that provide us with more services/goods. 

· Productivity is not easy to measure - you need to measure the end result of all the CO2 that get assimilated by plants. Plants also respire CO2, and allocate some of the carbon to below-ground parts (hard to study). Some plants allocate a lot of their carbon to below-ground parts. 

· People have used biomass as a surrogate for productivity. This is a problem because it is a one-point measure. Plants swell and shrink, yet people are using that frequently to study plant growth and ecosystem function.

IV. Disturbance and succession

· Another key focal area in the biodiversity-ecosystem debate. Disturbance is any event that changes the structure of the ecosystem - large scale or small scale. Disturbance is critical to ecosystem maintenance. Need to mineralize things, important to maintain flow of energy, maintain community composition through the process of succession. 

· Ex. tree falls down. This dumps organic matter on soil, which is more abundant and requires less competition for organisms, creates a new age class of organisms to come into system. Disturbance and succession has the potential to alter biodiversity.

· primary succession - starting from scratch

· secondary succession - seeds are still around, etc.

Evidence For/Against a Positive Correlations between Biodiversity and Ecosystem Function

Argument: more species in the environment, the greater the chance that you will use all the resources in that ecosystem. 

Ex: put a Eucalyptus plantation in a rain forest. Eucalyptus are using resources in a limited way. Individuals of the same species use resources in a similar way - same root depth, same nutrient use, same canopy size, same shape and structure, etc. More diverse forest - use resources better.

How would you study this? Two plots - monoculture vs. polyculture. Look at nutrient cycling, etc. You need control plots for each of the cultures represented in the polyculture. Also need to control for density of individuals, access to resources. What is the impact of plant density on resource access? Need to control for 

· species 

· composition - issue of having monocultures of all of your polycultures.

· density

· disturbance effects of the experiment itself. By removing individuals we are changing the competitive relationships between individuals

Evidence in support of the importance of biodiversity to ecosystem function

Dave Tilman, U. Minnesota. 207 plots of grasslands - 0 species, 1, 2, 4, 8, 16, 32. Looking at various relationships. Drought in 1992. Wrote a key article showing that there was a differential effect of diversity with regards to the reaction toward the drought. Plots with higher diversity maintained higher levels of plant cover during the drought. Plant cover was positively related to diversity. Didn't really make the link as to why plant cover is important to ecosystem function. However his r2 was only 9% - only 9% of the variability in plant cover was explained by the level of diversity.

Another Tilman finding: as diversity increases, the level of N2 in soil decreases (r2 = 0.18). He claimed that diverse plots were using N2 more efficiently. Didn't explain why nitrate in soil was so low (uptake or leaching?). Relationship was striking, however r2 was very low. 

Critique: in the more diverse plots there were grass species which are C4 (conserve water better). The presence of these species could explain the relationship with drought and plant cover. Also, plots with more species had more N2 fixers - could explain effect on N2 cycling. Was he seeing a species effect or diversity effect?

Hooper's study. Had a lot of grassland plots, in different mixes. Sought to answer does functional type have more of an impact on ecosystem function than diversity. He very clearly says there is an effect of plant trait type that overshadows any effect from diversity, but is often cited otherwise. In his case, the monoculture functioned as well or better than the polyculture because it had N2 fixers.

Biodepth experiment (European). Set up replicated grassland plots (8 sites, lots of replicates). Looked at planting of different species, found that on the whole diversity had an impact on productivity. In a critique of the paper, they didn't have monoculture plots, and also had different planting densities. When you control for density, the relationship disappears. Couldn't show whether there was a diversity effect or species effect.

In all cases, there was either a fundamental design problem in the experiment, or the relationship could be explained by species effects.

Wortle: (critic of other studies) set up his own experiment on natural islands in Sweeden. He found no effect of diversity on decomposition or productivity, but he found that large plants had a greater effect on productivity. His paper was blasted by others. 

Terry Chapemen. Wrote a key paper in 1980 - plants behave in ecosystems based on their traits.

She thinks - there is no basis for a relationship between the number of species and ecosystem function unless there is a relationship between the number of species and their traits. 

Grime. Found that individual species are responsible for the patterns. His r2 are much greater than other r2.

Sadie's argument: Diversity helps in recruitment after a disturbance. If you have a variety of strategies in an ecosystem, there is a greater chance that some species will survive a disturbance.

Look at diversity of microbes. What are the key places where organisms play a role in the ecosystem. So far, studies have look at plants. What about microbes, diversity of functional groups.

Conclusion: We don't understand the role of individual species in the environment. She thinks the key is in microbes. Microbial diversity is absolutely critical. Microbes use fundamentally different resources, different function. If we start to decrease microbial diversity, we will see big impacts on ecosystem functions.

Good orals question: Does biodiversity contribute to ecosystem function?
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