Ecosystem Ecology Redux
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I. Introduction
 Ecosystem: an ecosystem is an assemblage of organisms that live in a region, together with their chemical and physical environments.  This is also represented as the “biotic” and “abiotic” components of a habitat.  
Ecosystem ecology studies the flow of energy and matter through and between ecosystems – often using compartmentalized box models to describe these patterns.
II. Energy Flow
A. Productivity
1. Gross Primary Productivity
This equals the total amount of solar energy fixed by plants.  This energy is fixed in the covalent bonds between carbon atoms in glucose during photosynthesis, as represented by the equation:
CO2 + H2O    –energy(   Glucose + O2
2. Net Primary Productivity

This represents the energy stored by plants in new biomass – in growth and reproductive tissue.  As such, NPP = GPP – respiration.
These effects are reflected by the global pattern of NPP –it is higher in the tropics (where there is more light energy), particularly in areas where it is also wet (forests).  Productivity drops off with increasing latitude, and also decreasing moisture and growing season.

3. Net Secondary Productivity
This is the energy stored in animal biomass, and it again relates to an organism’s energy budget.  Homeothermic, endothermic organisms spend a lot of energy on respiration to keep their internal temperatures high; as such they have far less energy to invest in growth and reproduction (net secondary production).

- Net Production Efficiency = P/A, and describes the fraction of energy stored as biomass relative to the energy assimilated.  Obviously, this also described the fraction of assimilated energy that is burned for respiration.  Those organisms with a very high metabolic/respiratory rate (small birds, bats, small mammals) have a very low production efficiency – often storing less than 1% of the energy they assimilate.  Other terrestrial endotherms (like mammals) are betwnn 6-10% efficient.  Insects and fish are about 50% efficient, and some sessile, sedentary poikilotherms can have a production efficiency as high as 75%.
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B. Trophic Pyramids

Ecological Efficiency - this equals the fraction of net productivity produced at one level that is stored at a higher level.  So, what fraction of NPP is stored as NSP by herbivores?  Often, this is between 5-20%.  If we take 10% as an average, this means that 1000 kg of plants can produce 100 kg of rabbit, which can support 1 kg of hawk… that’s about 1 hawk, by the way.  That’s why top predators are rare, as we have discussed.
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C. Detrital Foodchains

The amount of NPP that is assimilated by herbivores varies dramatically across habitat types. In temperate forests, only 1.5-2.5% of the NPP is assimilated by herbivores; in oldfields it is 12% and in plantkonic communities it can be 60-99%.  The rest of the NPP stored in an organism at the end of its life enters the detrital food chain (or the fossil record).  Thus, decomposers like bacteria and fungi get the bulk of the NPP in terrestrial systems.  This energy is shunted through a separate trophic pyramid of bacteriovores and fungivores, to insects, to insectivorous mammals and birds.  So, although this energy is shunted through the detrital web, it can come “in through the side door” and enter the typical trophic pyramid. Indeed, in terms of maintaining higher trophic levels, these detrital links are critical and often outweigh the direct links through herbivores.
D. Human Concerns

The NPP is the food for all organisms, including us. Understanding where we are in terms of food demand and food production, and how we bridge that gap, forms a major part in explaining how humans are affecting the planet.   Our population has increased from 1 billion people in 1850 to over 7.2 billion today (world population clock). The strategies we have used to feed all these people have had global effects. Current Global NPP (dry mass) = 224 billion tons.  59% is terrestrial, and of this, humans 35-40% is controlled by humans, either eaten directly or fed to animals we will consume. Obviously, we are driving many species extinct as we convert natural grasslands and forest to agriculture. If one species is using 35-40% of the food, there is not much left for the other 2 million species. The good news is that the rate of growth is declining; but it is still positive, so the population is still growing.  Current estimates are that we will reach about 9 billion in 2050.  What effects will we have on natural ecosystems as we increase our share of NPP to 55-60%?
During the last 50 years, our population has more than doubled, from 3 billion in 1960 to 7.2 billion. We did a great job meeting the food needs of humans, actually INCREASING per capital food production over that same interval.  We did this by increasing grain production four-fold, and increasing meat production 5-fold.  So, with “only” a doubling in populations, these disproportionate increases in total food production meant that per capita production increased, too.

But there are some warning signs that this ‘run’ is coming to an end.  Per capita increases have plateaued or declined recently.  Fish catch, which increased with population over the last 50 years, have depleted most fisheries.  Industrial fishing fleets now covers more area at greater cost to catch the same number of fish… suggesting that fish are far less abundant than they used to be.  Farming fish has increased dramatically, so much that we now produce more tonnage of farmed fish than beef!  This is good, because fish (as ectotherms) have greater production efficiency than mammalian cattle.  But it bad because it means that we are using MORE NPP to feed MORE cattle and now even MORE fish!  As countries become wealthier, the meat content in their diet increases.  Given the inefficiencies of energy transfer, this means that we use MORE NPP (that we could have eaten, ourselves), to feed heterotrophs that waste much of that energy on their own metabolism… giving us less food.  When we add the additional energetic costs of RAISING and CARING for these animals, the inefficiencies become even more dramatic. When we consider the total energetic efficiency,

We put IN 100 calories of energy to raise 18 calories of chicken.  Or 6 calories of beef.  But when we put in 100 calories of energy to raise soy, we get back 414 calories of energy.  
And, even though food production per capita has increased dramatically, it is still BELOW what a person needs for a minimally healthy diet.  This is estimated as 400 kg/year, so on average, humans on the planet are not getting enough to eat.  Still, the per capita increase over the last 50 years, in the face of a doubling population, has been impressive.  How did we do it?

WE FARMED A GREATER AREA.  This is “extensification”.  As the population increased, we have converted native grasslands to agriculture, and forest and semi-desert to agriculture. Indeed, we have already cut 47% of the historically forested areas down. But there is only so much arable land on earth.  What is left is so marginal (desert), or so wet (tropical forest), that it is very expensive to convert.  So, the rate of habitat conversion has been declining recently – only marginal areas are left.  Yet, the population has been growing, so the arable land area per capita has been declining.  So how could we increase food per capita, with less land per capita?
WE HAVE INCREASED YIELD/UNIT AREA.  This is “intensification”.  Yield per unit area has more than doubled in the last 50 years – this was the “green revolution”.   But if you grow more crop, then more nutrients leave the soil into those plants.  If those plants are exported from the system (rather than decompose), Then the nutrients are exported, too.  The more crop we grow per unit area and per unit time, the faster the nutrients are exported from the soil – causing soil degradation.  The only way to maintain high yield is too ADD nutrients in fertilizer.  And indeed, that’s what we have done to maintain the yield.  The doubling of the yield per unit area has required a 7-fold increase in fertilization… not just to augment natural levels, but to replace what was there.

Where do we go from here?  Our single species uses 40% of the terrestrial NPP of the plant.  We are responsible for the 5th largest mass extinction event in earth history, as we convert habitats to agriculture and outcompete organisms for food. Our population is projected to increase to 9.0 billion in the next 40 years, efficient food production will be an important issue.  Couple this with maintaining existing natural systems and we are going to be crunched for space; making efficiency all the more important.  Obviously, eating lower on the food web provides humans with more energy; and it saves WATER, too (because it takes more WATER to make 10 lbs of steak than 10 lbs of grain… given the 10% efficiency, it would take 100 lbs of grain and the water needed to grow that grain, to make 10 lbs of steak… not counting the water the cattle need to maintain themselves!).  So, in terms of space, we’ll get more food by eating the grain we grow rather than feeding it to cattle.  Likewise, it takes lots of energy to TAKE CARE of cattle.  Unfortunately, the world-wide consumption of meat protein is increasing, not decreasing – putting more stress on our landscapes, and on our gas, oil, and energy reserves.
Study Questions:
1) Relate gross productivity, NPP, and respiration to an organisms energy ‘budget’.
2) How does net secondary productivity affect trophic pyramids?

3) How do detrital webs add energy to trophic pyramids, and how important can these effects be (quantitatively)?

4) Provide two energetic reasons why humans should eat plants rather than animals.

5) How is the human diet changing, and what stressors does this place on ecosystem productivity?

6) What are intensification and extensification? Provide examples of how each have increased food availability.

7) How might investing in more efficient secondary production reduce habitat transformation and biodiversity loss?
