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Unit 1 Notes, Part 3 – Biogeochemical Cycles

A. How does matter cycle between living and non-living components of the environment?

1. In the Unit 1, Part 1 Notes on Population and Community Ecology, we discussed how energy flows through an ecosystem from the sun to producers and then up through the trophic levels.  Only 10% of the energy from one level can be transferred up to the next level for a variety of different reasons.  For one, not all parts of an organism’s food are digestible. (I can’t eat a chicken beak, and I don’t want to!)  Additionally, some of the energy from our food is lost as heat during cellular respiration and some is lost as waste (i.e. poop!)  During cellular respiration, glucose and other molecules from our food are converted to adenosine triphosphate (ATP for short), which is a more usable form of energy for our cells.  The chemical equation for the cellular respiration reaction is as follows…

C6H12O6 (glucose) + 6O2 (oxygen gas) ( 6CO2 (carbon dioxide gas) + 6H2O (water) + ATP + Heat

2. In the Unit 1, Part 2 Notes on Ecosystem Ecology, we discussed how the Second Law of Thermodynamics states that any time energy is converted (i.e. transformed) from one form to another during chemical reactions, some energy is lost as heat.  During cellular respiration, only 39% of the energy stored in the bonds holding the atoms of the glucose molecule together (see image below and to the left), which is released when glucose is broken down, is actually used to build ATP molecules and therefore is stored in the bonds holding the atoms of the ATP molecule together (see image below and to the right).  The rest of the energy stored in the bonds of glucose, which is released when the glucose molecule is broken down, is lost as heat. 
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3. ATP can be used to power a variety of reactions and processes within the body, including movement.  It can also be used to transport substances throughout the body and across cell membranes.  Additionally, it can be used to provide the energy to join small molecules (ex: glucose) together to create a larger molecule (ex: glycogen, a complex carbohydrate stored in your liver).  When energy is released from ATP by breaking the high-energy bond between the last two phosphate groups (see image below), some of this energy is used to do the types of “work” described above, and some is lost as heat. 
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Based on the information on the previous page, it is clear that energy flows throughout an ecosystem.  It is never returned to the ultimate energy source (i.e. the sun) and is lost at each trophic level as heat.  As such, an ecosystem needs a constant input of energy from the sun. 
5. In contrast, atoms and molecules (i.e. forms of matter) cycle throughout an ecosystems when living things take in these atoms and molecules and eventually release them back into the non-living environment (ex: soil or atmosphere.)  There is no constant input of matter into an ecosystem. 
6. In sections B-E below, we will focus on the cycling of six elements—carbon, hydrogen, nitrogen, oxygen, and phosphorus, and sulfur—between living organisms and the non-living environment.  (We will combine hydrogen and oxygen into the molecule water).  We call these cycles “biogeochemical cycles,” since “bio” refers to the living organisms and “geo” refers to the non-living environment.

7. These six elements are the most common elements found in living organisms, and we can remember them using the acronym “CHNOPS”

8. The terms “reservoirs”, “assimilation”, and “release” are included in sections B-E.  The meaning of each term is given below.

-Assimilation – How this atom/molecule enters living organisms from the non-living environment

-Release – How this atom/molecule leaves living organisms to enter the non-living environment

-Reservoir – Where the atom/molecule is stored in living things and the non-living environment
B. The Carbon Cycle

9. Assimilation

-Carbon is assimilated into the tissues of plants and other autotrophs when they undergo photosynthesis.  Photosynthesis involves using the energy from sunlight to convert carbon dioxide gas (CO2) into glucose (C6H12O6), which is a simple sugar molecule.

-Carbon is assimilated into the tissues of heterotrophs when they consume (eat) other organisms

10. Release

-Carbon is released back into the nonliving environment from living things during cellular respiration.  During cellular respiration, organisms break down glucose and release carbon dioxide gas. 

-Carbon is also released back into the nonliving environment when organisms die.  Decomposition (decay) of dead organisms results in carbon entering the air as carbon dioxide gas or entering the soil.

-Carbon is also released back into the nonliving environment when fossil fuels formed from long-dead organisms (i.e. coal, oil, and natural gas) are burned.  This process is called combustion, and it releases carbon dioxide gas into the air.

11. Reservoirs

-Carbon is found in the atmosphere as carbon dioxide gas
-Carbon is found in fossil fuels

-Within living organisms, carbon is found in the four major macromolecules in cells, which are carbohydrates, lipids, nucleic acids, and proteins.  
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Carbohydrates (i.e. sugars) are used primarily for short-term energy storage and for structure in plant cell walls.  Lipids (ex: fats) are used for short-term energy storage, insulation, cell membranes, etc.  Nucleic acids (i.e. DNA and RNA) are used to store and transmit genetic information.  Proteins are used for a variety of different functions in cells including movement, transport, defense, structure, and signaling. 

12. An image of the carbon cycle is given to the right. 
C. The Water Cycle
13. Note: The water cycle mostly involves cycling of water between non-living components of the environment (ex: evaporation from lakes, condensation in clouds, precipitation, etc.).  Thus, I haven’t included these stages, because they are not particularly relevant to living organisms. 

14. Assimilation

-Water is taken into plants when their roots absorb water from the soil.

-Water is taken into animals when they drink water from non-living sources (ex: a lake) or eat other organisms and absorb water from the other organism’s tissues. 

15. Release

-Water leaves plants and enters the air as water vapor through a process called transpiration.  During transpiration, water evaporates through holes on the underside of plant leaves called stomata.

-Water also leaves living organisms when they die and decompose.  This water typically enters the soil.

-Water leaves some animals through sweating, which is when water evaporates from the surface of animal skill, and urination.

16. Reservoirs

-most water on earth is stored in non-living sources like oceans, groundwater, and glaciers.  It is also found in the atmosphere as water vapor (a gas)

-water is also found in living organisms as liquid water.  The two elements that make up water—hydrogen and oxygen—are also found in all four macromolecules (i.e. carbohydrates, lipids, nucleic acids, and proteins.) 

17. An image of the water cycle is given below.  It mostly includes processes by which water cycles between the non-living components of the environment (ex: evaporation from lakes, condensation in clouds, precipitation, etc.) 
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D. The Nitrogen Cycle

18. Assimilation
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-Nitrogen is present in the air as nitrogen gas (N2).  Plants cannot take nitrogen gas directly into their tissues.  Therefore, one or more of the following processes must occur to convert nitrogen gas to a form of nitrogen that is usable for plants.

-Certain types of bacteria can convert nitrogen gas to ammonium (NH4+), a form of nitrogen that can plants can take in from the soil through their roots and use.  These bacteria can be found as free-living bacteria in the soil or aquatic ecosystems.  They can also be found living in “nodules” found on the roots of legume plants such as beans, peas, and clover.  A drawing of these root nodules is given to the right.  The process of bacteria converting nitrogen gas to ammonium is called nitrogen fixation.
-Plants can also directly absorb another form of nitrogen called nitrate (NO3-).  The process of converting ammonium to nitrate is called nitrification.  In this process, ammonium in the soil is converted first to nitrite (NO2-) and then nitrate by soil bacteria.  Different species of bacteria perform the conversion from ammonium to nitrite and the conversion from nitrite to nitrate.  Both types of bacteria, however, are referred to as nitrifying bacteria.    
-Animals take in nitrogen by eating plants or eating other animals that have eaten plants.

19. Release


-Nitrogen can be returned to the air when certain types of bacteria in the soil (different from the nitrogen fixing or nitrifying bacteria!) convert nitrate to nitrogen gas.  This process is called denitrification.   


-Nitrogen can be returned to the soil when bacteria and fungi cause the decomposition of nitrogen-containing molecules (i.e., proteins and nucleic acids) from the bodies of dead organisms back into ammonium in the soil.  This process is called ammonification.  
-Nitrogen can also be returned to the soil when animals urinate (aka excretion) because urine contains ammonium or similar molecules.

20. Reservoirs


-Nitrogen is stored in the air as nitrogen gas


-Nitrogen is stored in the soil as ammonium, nitrite, or nitrate


-Nitrogen is found in living organisms in two of the macromolecules, proteins and nucleic acids.

21. An image of the nitrogen cycle is given below.  The only issue with the image is that it does not show plants taking in ammonium from the soil through their roots.  (Remember, plants can absorb both ammonium and nitrate through their roots and use them.) 
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E. The Phosphorus Cycle
22. Assimilation

-Weathering (erosion) of rocks releases phosphorus into the soil and water.  Plants can then take in phosphorus via their root systems.
-Animals take in phosphorus by eating plants or other animals that have eaten plants. 

23. Release

-Animals and plants release phosphorus from their tissues into the soil and water when they die and their bodies decompose.  Phosphorus in the water typically ends up falling to the sand at the bottom of the body of water 

-Animals also return phosphorus to the soil in the form of waste.  For example, manure from livestock is rich in phosphorus.

Note: Soil or sand at the bottom of a body of water can be deposited in layers and go through a process called sedimentation to become rocks.  If the soil or water contained phosphorus, the newly-formed rocks will as well.

24. Reservoirs 

-Phosphorus is stored as phosphate ions in rocks, the soil, and water.  Phosphate ions have the basic form PO43-.

-Phosphorus is found in living organisms in nucleic acids and a type of lipid found in the cell membrane called a phospholipid. 
25. An image of the phosphorus cycle is given on the next page.   
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F. The Sulfur Cycle 

26. The sulfur cycle is very similar to the phosphorus cycle EXCEPT sulfur can be found in the air.  It is released into the air by a number of different processes including burning (aka combustion) of fossil fuels and volcanic activity. 

27. Sulfur in the air is often converted to sulfuric acid (H2SO4) and falls to the ground as acid rain.  Acid rain can lower the pH of soils and bodies of water, which may negatively affect the health and productivity of living organisms.   
28. Sulfur is found in living organisms in only one macromolecule, proteins.

29. An image of the sulfur cycle is given below. 
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G. What happens when humans disrupt biogeochemical cycles?
30. An example an event triggered by humans that affects biogeochemical cycles is eutrophication, which is described below.
31. Nitrogen and phosphorus from fertilizers used by humans on crops can run-off into nearby bodies of water.  The presence of these extra nutrients can result in rapid growth of producers like algae and phytoplankton (microscopic photosynthetic organisms), which results in increased primary productivity (i.e. the amount of sunlight producers can take in and convert to chemical energy through photosynthesis).

Note: When algae over-proliferate, this is called an algal bloom.
32. These producers also go through cellular respiration and use up the oxygen created during photosynthesis.  Decomposers that break down the dead bodies of these producers also go through cellular respiration and use up oxygen.  

33. This can result in reduced oxygen levels that cannot support other organisms like fish and crustaceans.  Because of this, eutrophication can lead to “dead zones,” where very few organisms are able to survive. 
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