
This lecture will focus on how ecosystems change
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Here is our starting point. Change is reality.  In many ways ecosystems are in 
disequilibrium, even though simple models like to assume steady state
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Here I want to give you some sense of the background between classic exponential 
growth and logistic growth models and the ideas of carrying capacity, from frosh 
calculus
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Depending on the rate of growth, one will doubling with different times.  Important 
idea to know and remember for you bank account.
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This idea for population growth is also the same foundation of your homework on 
litter decomposition and Beer’s law which I use to compute light attenuation in 
canopies and to measure CO2 and water vapor with an infrared spectrometer.  The 
change in an independent variable, like P, with time or distance, is assumed to be a 
function of itself times a rate or extinction constant, r.  R can be positive or negative, 
depending of p is growing or declining.  We can rearrange variables and integrate. 
This produces the natural log dependent upon P at time zero and t.  Solving further 
yields the exp power function (e^x; e = 2.718)
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If we solve this equation we find that the doubling time is a function of 69 divided by 
the growth rate..
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Next we consider a case where the rate constant is density dependent. It declines 
linearly with growing population, up to a value K, the carrying capacity..  The integral 
is a bit more complicated but it yields the equation shown (check Wolfram alpha if 
you want to derive this from first principles; or your calculus book).
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Now we can think about r and K selection ideas. Examples are bacteria, diatoms,
insects, small rodents, grasses
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Examples are people, oak trees, elephants, eagles
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When I think of dynamics I also think about the complex behavior of many 
ecosystem ecology time series. Some of the more interesting aspects we need to 
consider are lags and leads, pulses and switches. This is dynamic behavior
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Leads and lags are introduced by working with coupled pool models that include 
fast, slow and slower pools.  If there is a drought effect on photosynthesis who will 
this carry over to the net ecosystem carbon exchange the next year if rain returns, 
as the C pools of the plants and soil may have changed, and will affect the fluxes..

14



I’v been playing with a simple 3 box model to demonstrated the leads and lags and 
the inphase and out of phase behavior of these pools
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Factors that cause ecosystems to change. The next stage after physiology, 
biophysics and biogeochemistry.
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Ecosystems are continuing to change.  The Sierra Nevada forests that our pioneer 
forefathers and foremothers cross did not resemble what we see today
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While we don’t have photographs from the past we do have paintings, by such artist 
as Bierstadt, who show a more open forest land

19



We also know that forest biomes expanded and contracted with the contraction and 
expansion of the icesheets.  The boreal forest, that today is in Canada and Maine 
dominated the mid Atlantic states 12,000 years ago.  Today we only see such 
vegetation in the Smoky Mountains, near the highest peaks.
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How did forests move so fast with time?  Dispersion of seeds have fat tails on 
dispersion.
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Here are examples of the distribution of seedlings with distance. Note the long or fat 
tails of the distribution, compared to a simple Gaussian
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Examples of fat tail distributions for wind and animal dispersed seeds.
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Example of fat tail dispersion of seeds.
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Who Eats Whom, and What eats What?
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Discuss fallacy of inverted pyramid….based on individuals and instant…not area 
and integrated over a year
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The texts books are full of this example of comparing the biomass of terrestrial vs 
aquatic ecosystems. But it does not make sense as it compares a whale with 
phytoplankton. But we should integrate this over time and space. There are very 
few whales in the ocean over a given area and there must be a large mass of 
plankton to support the whales. Plus the plankton have a high turnover rate, so we 
should evaluate their total mass over a year to compare with the whale.
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The cascading efficiencies of foodwebs are an important concept.  Higher trophic 
levels use a lower fraction of primary productivity, due to respiration losses and 
inefficiencies of energy conversion
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