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History of ecosystem ecology

Science has a tendency to reinvent itself. Goes around and around then someone shoots off, then it goes around and around around a new cycle, and sometimes shoots back. History of ecosystem ecology is important for graduate students - shows where we are now and where we've been.

Ecology as a field has only been around about 100 years. Ecosystem ecology has only been around for about 65 years. The origin of ecosystem ecology can be linked to four scientists who worked around the turn of the century, who all found themselves moving away from the dominant focus of the time which was evolution. They were all working with plants and doing a lot of descriptive work. But they began to speculate about the causes behind them. The focus was on the biotic - how the biotic affected the environment. The environment was seen as the scene.

1) Arthur Tansley, 1871 - 1955

Tansley did most of his work at Oxford, coined the work ecosystem. He was in a debate with 2) Frederick Clementis (1874 - 1945, Minnesota and Nebraska) and 3) John Phillips (South Africa) who was a community ecologists and came up with the super organism theory – that species interact with each other for form this super organism.

Tansley had a beef with these guys, because he felt that the ecosystem was a physical environment. Biota interact with chemical and physical environment in ways that can change communities over time. Tansley's main points included

1. Biota interact with the environment, resulting in changes over time. Tansley's concept wasn't just descriptive, it was dynamic.

2. Equilibrium theory. Ecosystems remain in a stable system unless disturbed from an exogenous disturbance. This is basically equilibrium theory. Succession would drive this equilibrium.

3. Stability and persistence. Stability (aka sustainability) – ecosystems are self perpetuating and occur at some sort of steady state. Depending on the stability, the ecosystem would persist over time. Equilibrium looks at movement towards steady state - disturbance and recovery. If you disturb it, it will move back to equilibrium. 

All of this writing was an intellectual argument. He did not have any experiments to back it up.

4) Alfred Lotka (1880 - 1949) 

Lotka was interested in energy dynamics. He viewed ecosystems as an energy transforming machine. He was very influenced by the laws of thermodynamics:

· 1st law of thermo - energy is not created nor destroyed, only changed in form.

· 2nd - each transformation results in energy loss as heat

These four guys around the same time have introduced the concept of an ecosystem. Clementis and Phillips are included because they pissed off Tansley enough to get him to articulate his key ideas.

5. Raymond Lindeman (1915 – 1942) 

Nobody had yet taken these intellectual arguments to the next step. The first guy to test them was Lindeman. Lindeman did a field study on a lake. Lakes are good place to start studying ecosystem ecology because they're relatively discrete. In his study he incorporates photosynthesis as an energy source. Lindeman linked succession to interactions between the biotic and abiotic environment. He incorporated all the fundamentally important things in an aquatic system: 1) energy, 2) nutrients, 3) disturbance. 

Lindeman also developed the concept of the food cycle – the precursor to nutrient cycling. He introduced the idea that nutrients enter and leave and ecosystem through transports including water and air, the precursor to the input-output budget of an ecosystem. He also noted that the food cycle has a time component – the idea that nutrients can be taken up and released. Lindeman's work was an amazing intellectual leap because it incorporated all these ideas in one study. He published this in 1942, paper came out after he died. With the politics of science, it was rejected by Ecology, the premier journal in ecology, the first time. His advisor had to help get it accepted the second time.

Vladimir Vernadsky (1863 – 1945)

Vernadsky was a mineralogists, understood chemical reactions very well. Vernadsky developed the idea of nutrient cycling. He wrote a key book called The Biosphere. He thought about the whole biosphere, interested in how nutrients move about and react with both the biotic and abiotic. However his work didn't get picked up on until very later because he was Russian and published in Russian.

By the 1940s, this is starting to catch on. First big textbook arrived in 1953, by Eugene Odum (1915 - 2002). Odum had a background in zoology, but his book changed ecology. His younger brother, Howard Odum, was also a big name in ecology. Howard was a student of Hutchinsons, who looked at energy flows. A lot of systems concepts came from Howard. He was ahead of his time.

There were very few large integrated experiments up to now. One of the barriers to ecosystem research was working together. In the early to mid 50s, money became available for ecosystem ecology research through the atomic energy commission. The Atomic Energy Commission decided to fund a big ecosystem ecology project shortly after the bombs were dropped on Japan, because there was a lot of interest in what the impact of nuclear weapons would be on the natural environment. A lot of money was made available to study at the impacts of radiation. Some large national labs got involved, wanted to predict the flow of radiation in an ecosystem. Radiation is a good tracer to find out how things move. This funding source resulted in:

Comparative biome study

The comparative biome study produced tons of background ecology data (from control sites). Many of the studies used the money to get background information on ecosystems. This moved ecosystem ecology a huge step forward. But what didn't emerge from this was a cohesive ecosystem ecology theory. This came in the 60s:

International Biological Program (IBP)

The IBP used money generated from Congress. The idea this time was to coordinate better and study whole systems (watershed level studies). The IBP took a lot of big famous people and made them work together, and there were a lot of problems with coordination and competition. It was built around the idea of modeling (both conceptual and simulation). The IBP helped to get NSF established, and led to creation of centers of ecosystem ecology, 

Hubbard Brook experiments (will look at in detail later)

At Dartmouth, came up with idea of looking at the effects of logging on nutrients and plants and animals in a fairly small watershed. Got funding to look at geochemistry, hydrology. They published a key paper in Science on the input-output budget:

Meteorological inputs + biotic inputs - geological output - biotic output = net ecosystem flux

Long Term Ecological Research program (LTER) 

LTER was started by NSF 20 years ago to look at representative ecosystems. They funded sites to gather a mix of scientists and study what they view is important to understand the structure and function of ecosystems. Want to study systems over long periods of time.
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