Name: ____________________________________________ Date: ___________________________ Period: _____

Unit 1 Notes, Part 4 – Ecosystems & Biogeochemical Cycles
What does ecology study?
1. Ecology is the study of the interactions between living things and their nonliving environment.  
2. Organisms are affected by components of the environment that include
a. Abiotic components – the nonliving components of the environment 

Examples:

· Temperature – affects biological processes such as seed germination (i.e. sprouting). 
· Water – some organisms can tolerate only fresh water, while others only sea water.  Terrestrial organisms face a constant threat of dehydration.  
· Sunlight – Used by photosynthetic organisms to create glucose (a form of chemical energy) and also influence the daily activities of other organisms (ex: flowering in some plants depends on the number of hours of light and hours of dark per 24-hour period.) 
b. Biotic components – the living components of the environment 

Examples:

· Pollination of plants cannot occur without certain pollinator species (ex: bees)

· Some organisms require specific food sources (ex. Koalas only eat eucalyptus leaves)
· Tapeworms are dependent on human or animal intestines 
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3. Ecology is studied at several different levels of organization
a. Organism – a single living thing
b. Population – all organisms of the same species living in a particular area
c. Community – all living things in a particular area

d. Ecosystem – all living and nonliving things in a particular area
e. Biosphere – the Earth and portion of the atmosphere that can support life
How do “disturbances” affect ecosystems and the communities of living organisms within them?

4. The communities of organisms within ecosystems are constantly changing as a result of disturbances (i.e. events such as a storm, fire, flood, drought, overgrazing, or human activity that change a community)
5. Ecological succession – The process in which a disturbed area may be colonized by a variety of species, which are in turn replaced by still other species that out-compete them for resources.  There are two types of ecological succession:
a. Primary succession – when a virtually lifeless area without soil such as a new volcanic island or bare rock uncovered by a melting glacier becomes inhabited by a series of communities that replace one another over time. 
Example sequence of communities in primary succession: autotrophic prokaryotes → lichens and mosses → grasses → shrubs → certain species of trees → climax community (this process may take hundreds or thousands years)
-Autotrophic prokaryotes, lichens, and mosses may be considered pioneer species, the first groups of species to inhabit an area with no pre-existing community.  These organisms are typically small and reproduce quickly.  When pioneer species die, their decomposing bodies help form the soil layer, which is necessary for larger plant species to colonize the area.  

-A climax community is a stable, mature community that will only be removed by a disturbance (ex: a forest fire).  In a temperate forest ecosystem, the climax community is characterized by many tall hardwood trees like oaks and hickories.
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b. Secondary succession – when soil is present from a previously existing community (ex. a forest cleared by either loggers or a forest fire).  Therefore, the process of secondary succession does not need to begin with pioneer species to develop the soil layer, and it typically takes less time for secondary succession to produce a climax community.

Example sequence of communities in secondary succession: herbaceous plants → woody shrubs → trees → climax community. 
How does energy “flow” within an ecosystem?

6. Energy flow within an ecosystem is governed by two main laws:

a. The First Law of Thermodynamics (i.e. the principle of conservation of energy) -- energy cannot be created or destroyed but only transformed.  In communities, the ultimate source of energy is the sun and the energy from the sun can be transformed and stored in molecules (ex: glucose) found in an organism’s cells, converted to more useful forms of energy (i.e. ATP), released to do “work” in chemical reactions (i.e. to power other reactions), or lost to the non-living environment as heat.

b. The Second Law of Thermodynamics – energy conversions cannot be completely efficient because some energy is always lost as heat.  In other words, systems always progress from a more ordered to a more disordered state (i.e. the entropy of the system always increases over time).  It may initially seem that living organisms like humans violate the Second Law of Thermodynamics because they are highly ordered with different levels of organization like cells, tissues, organs, and organ systems.  However, they do not violate this law for two reasons.  First of all, building the complex molecules that are found in cells (ex: carbohydrates, proteins, lipids, and nucleic acids) and organizing these molecules to make larger structures (cells, tissues, etc.) requires an external source of energy.  To add 1 kg of mass to your body, you must eat and break down about 10 kg of food.  Therefore, the metabolism (breakdown) of this 10 kg of food creates more disorder (i.e. more energy is lost to entropy) than the order created by building 1 kg of mass in the body.  The second reason living organisms do not violate this law is because they need a constant source of energy (i.e. regular meals!) to maintain order and prevent the body structures from breaking down, which would eventually result in death.  

7. Organisms may use various strategies to regulate body temperature and metabolism.  Metabolism is defined as the sum total of all chemical reactions that occur within an organism.  
a. One strategy is endothermy (aka warm bloodedness), the use of thermal (heat) energy generated by metabolism (i.e. the breakdown of ATP) to maintain homeostatic (stable) body temperatures (ex: 98.6 degrees Fahrenheit in humans)

In humans, a part of the brain called the hypothalamus senses changes in body temperature and responds to return the body’s temperature to a set point.  If the hypothalamus senses low temperatures, it directs the body’s blood vessels to constrict (i.e. decrease in diameter) to retain heat.  If the hypothalamus senses high temperatures, it directs the body’s blood vessels to dilate (i.e. increase in diameter) to release heat.  The body’s temperature regulation system is an example of negative feedback, which occurs when the response to a stimulus diminishes the stimulus.  In this case of body temperature being too high, the body’s response (i.e. the hypothalamus directing the blood vessels to dilate), diminishes the original stimulus (i.e. it lowers the high body temperature stimulus).  The blood vessel constriction and dilation responses (as well as other bodily responses to temperature change) are depicted in the image below.
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b. Another strategy is ectothermy (aka cold bloodedness), the use of external thermal energy to help regulate and maintain body temperature (ex: a lizard basking in the sun to raise its body temperature) 

8. Reproduction and rearing of offspring require free energy beyond that used for maintenance and growth. Different organisms use different reproductive strategies in response to energy availability.  For example, biennial plants take two years to complete their biological life cycles.  They grow leaves, stems, and roots during the first year and then enter a state of dormancy over the cold months.  During the next spring / summer, the plant will grow significantly and then flower. 
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In general, smaller endothermic organisms will have a higher overall metabolic rate.  See graph to the right for a depiction of this trend.  (BMR, the y-axis label, stands for basal metabolic rate).  Smaller animals tend to have a proportionally higher surface area (ex: the area of skin on the outside of a mouse) compared to their volume than larger animals.  Put simply, more of a mouse’s body comes in contact with the outside air than an elephants’ body.  As such, a small animal like a mouse is very vulnerable to heat loss to the environment.  Therefore, smaller animals have higher metabolic rates to warm their bodies back up to a set point and must eat proportionately more food as a result.  Ectothermic organisms also follow this trend (i.e. smaller organisms have a higher metabolic rate than larger organisms), but the smallest adult ectotherms (ex: amphibians, reptiles) tend to be much smaller than the smallest adult endotherms (ex: birds, mammals) because they do not have to produce heat internally.    
10. Having extra free energy after performing necessary life functions may result in storage of excess energy in biological molecules (ex: fat) or growth.

11. Using more free energy than you take in results in loss of mass and potentially death. 
How have human activities affected ecosystems?
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12.  Human activities have affected ecosystems in a variety of ways through pollution, climate change (i.e. global warming), introduction of non-native species, etc.  For example, invasive species are species of organisms that are not native to a particular area, are introduced by humans, and cause harm to the ecosystem.  The Kudzu vine, a species native to Japan, was brought to the U.S. in the late 1800’s and has spread throughout the U.S. at a rate of 150,000 acres per year.  Its vines can grow up to one foot per day in the right conditions, and it has become a major problem because it “outcompetes” native species for resources.  It has been called “the vine that ate the south.” 
Spread of the Kudzu vine throughout the U.S. (see image to the right)
13. Overall, as the human population has increased in size, it has had a drastic effect on the habitats of other species.  For example, humans have destroyed much of the forest habitat in parts of Malaysia and Indonesia to create massive palm oil plantations.  This isolates orangutans and other organisms that call the forest home (ex: tigers, elephants, rhinos) and takes away their sources of food and shelter, putting these species at risk for extinction.  (Note: Palm oil is the second most highly produced edible oil and is found in food products like vegetable oil as well as other products like shampoo.) 
How have geological and meteorological events affected ecosystems?
14. An example of the impact of geological and meteorological events on ecosystems involves the cause of the end-Cretaceous extinction that resulted in the eradication of dinosaur species.  There is evidence to suggest that the extinction occurred as a result of a meteor striking the Earth, massive volcanic eruptions, or major climate change that lowered temperatures too far for dinosaurs to survive (and enabled mammals with adaptations like fur to survive in the new colder climate).
15. Another example of a meteorological event that affects ecosystems is El Niño, a band of warm ocean water temperatures that develops off the coast of Pacific South America and results in abnormal droughts, floods, and crop yields throughout the world.  
***Modified from Ecology Notes created by the AP Biology teachers at Aurora High School.  Thank you!***

Biogeochemical Cycles Notes continued on the next page….
Biogeochemical Cycles
How does matter cycle between living and non-living components of the environment?
1. In the Unit 10, Part 3 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 ecosystem ecology section above, 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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4. 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. 
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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
The Carbon Cycle
. 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

. 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.
. 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.  
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. 

. An image of the carbon cycle is given on the next page. 
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The Water Cycle
1. 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. 
2. 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. 
3. 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.
4. 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.) 
5. 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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The Nitrogen Cycle
1. Assimilation

-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.

2. 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.
3. 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.
4. 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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The Phosphorus Cycle
1. 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. 
2. 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.

3. 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. 
4. An image of the phosphorus cycle is given below.
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The Sulfur Cycle
1. 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. 
2. 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.   
3. Sulfur is found in living organisms in only one macromolecule, proteins.
4. An image of the sulfur cycle is given on the next page.
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What happens when humans disrupt biogeochemical cycles?
1. An example an event triggered by humans that affects biogeochemical cycles is eutrophication, which is described below.
2. 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.
3. 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.  
4. 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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Notes Vocabulary and Questions
1.  Terms: _________________________ and __________________________

Definitions and Connection:

2.Terms: __________________________ and __________________________

Definitions and Connection:

1. Describe the difference between abiotic components and biotic components of an ecosystem. Provide an example of each.

2. Define an ecosystem. Compare it to communities and biospheres.

3. Compare and contrast primary succession and secondary succession. Use the terms pioneer species and climax community in your response.

4. Explain how the First and Second Law of Thermodynamics relates to the study of ecology.

5. Describe the two different strategies to regulate body temperature and provide an example of an organism that would fall into each category.

6. Provide one example of how human activities have affected ecosystems in a negative way.
7. Why do we say that energy FLOWS through an ecosystem, while matter CYCLES through an ecosystem?

8. Fill in the chart below to compare / contrast the processes that occur during the nitrogen cycle.  The first row has been completed for you as an example. 

	Name of Process
	Process of Assimilation or Release?
	Starting Molecule
	Ending Molecule
	Location of Process
	Helper organisms or processes?



	Nitrification
	Assimilation
	NH4+ (ammonium)
	NO2- (nitrite) then NO3- (nitrate) 


	Soil 
	Some species of soil bacteria 

	Nitrogen Fixation
	
	
	
	
	

	Denitrification
	
	
	
	
	

	Ammonification 
	
	
	
	
	


9. How does increased sulfur in the air negatively affect living things?

10. Explain how eutrophication results in dead zones in bodies of water.  

Directions: For each of the following cycles, draw a diagram showing the key processes by which atoms (or molecules) are cycled between living organisms and the non-living components of their environment. Use one color arrow to show processes of assimilation (organisms integrating the atom or molecule into their own cells / tissues). Use another color arrow to show processes of release (atoms / molecules exiting the organisms’ bodies into the nonliving environment). Label all the key processes that are identified. Note: this diagram should be made by you using your notes, the diagrams should not simply be copied from images on the internet. This assignment is to help you find a way to organize the written information provided to you in your notes. 
	Cycle
	Key Processes
	Diagram

	Carbon
	· Photosynthesis

· Cellular Respiration 

· Decomposition 

· Combustion 

· Animal consumption of plants or other animals
	


	Cycle
	Key Processes
	Diagram

	Water
	· Evaporation

· Condensation

· Precipitation

· Transpiration

· Plant roots absorbing water from the soil

· Animals drinking water

· Animals sweating


	

	Cycle
	Key Processes
	Diagram

	Nitrogen
	· Nitrogen Fixation

· Nitrification 

· Denitrification 

· Ammonification / Decomposition

· Plant absorption of NH4+
· Plant absorption of NO3-
· Animal consumption of plants and other animals

· Animal excretion (aka urination)


	


	Cycle
	Key Processes
	Diagram

	Phosphorus
	· Weathering

· Animals eating plants

· Plants absorbing phosphorus from the soil 

· Decomposition

· Animal waste


	


