AP Biology

 Photosynthesis – Part 4
(Associated Learning Objectives: 2.1, 2.2, 2.3, 2.9, 2.22, 2.24, 4.1)
Important Content from previous unit:

1)  Law of Conservation of Matter – Matter is neither created nor destroyed; only transferred and transformed. Matter is recycled within the environment using anabolic and catabolic processes.

2) Second Law of Thermodynamics - All energy starts out as high quality usable energy in the form of sunlight and all energy leaves Earth in a state of entropy, low quality energy incapable of work. 

3) Carbon is the main source for making the four macromolecules – Carbohydrates, Lipids, Proteins, and Nucleic Acids.
I. Carbon Cycle -  CO2 is removed from the air by photosynthesizing organisms such as plants, phytoplankton and  

                       bacteria. The CO2 is used in the development of sugars during photosynthesis. These sugars, 
                       which contain the Carbon (C6H12O6) are then passed from organism to organism through the
                       food chain. All organisms then release the Carbon, in the form of CO2, by performing the 
                       process of cellular respiration in their cells. The burning of plant materials, natural gas and 
                       fossil fuels, which are the remains of dead life forms such as dinosaurs and pre-historic forests, 
                       puts CO2 back into the air as well.

II. Ecosystems – Refers to all the interacting communities within a given area plus the abiotic (non-living)

                  factors affecting it.


      A.   Abiotic factors mainly deal with energy flow, nutrient cycling, temperature, and water.

III. Trophic Structure - These are feeding relationships (“Troph” means “to feed”)
a. Energy Flow - Sunlight enters earth, is received by plants and made into chemical energy (sugars). Then  the sugars are passed from organism to the next organism by consuming the previous organism. Eventually all energy becomes heat, with each transfer and metabolism. The heat energy then leaves earth. This demonstrates the Second Law of Thermodynamics…All Energy proceeds towards a state of Entropy which each transfer.
b. Matter Flow - Matter is neither created nor destroyed; just transferred and transformed – Law of Conservation of Matter.  Essentially, the matter that organisms are composed of is cycling through continual food chains and food webs. This is seen in the Biogeochemical cycles that you have studied so far – Water cycle, Phosphorus cycle, Carbon Cycle and Nitrogen Cycle
c. Food chains –This tries to demonstrate an orderly flow of who eats who. (Producers eaten by consumers, consumers and producers broken down by decomposers.)

i. Most food chains only have four to six  trophic levels in them, because you run out of energy to transfer and support life.
ii. Energetic Hypothesis – Basically states why we have short food chains due to the 10 % rule of Energy (90 % of all energy is lost as heat by metabolism of that organism; 10 % of the energy is passed on to next trophic level each time.)

For example:




10 joules of E   (Snake) – END HERE



100 joules of E (Bird)




1000 joules of E (Grasshopper)




10,000 joules of E (Grass… producers) – START HERE
Each time only 10% of the energy gets passed on to the next higher level in the chain. 90% is lost, as heat, from the metabolism maintaining the life of that organism before it is eaten.

d. Food web – A model showing all possible feeding relationships that could exist within an area. (A food web is essentially interacting food chains.)

IV.  Primary Production –Refers to the total amount of solar energy converted to chemical energy by the process of photosynthesis occurring in producers.

A.  Global E budget -This refers to the amount of energy used on earth for the process of photosynthesis.


1. ONLY 1 % of solar energy is used to power photosynthesis, but it makes 170 BILLION tons
                        of sugar/year.


2. 99% of solar energy is absorbed by water or reflected back into space/atmosphere by water/ice. 

                    3. Reflected energy contributes to the Greenhouse effect and is helping the average temperature 
                        of Earth, as a whole, rise.

                    4. The absorbed energy by water will be released at night to help keep the unlighted side of 
                        Earth warm. 

B.  Gross Primary Production (GPP) – This is the amount of chemical energy produced before any use by
       those autotrophic organisms that made it over a certain period of time.

C.   Net Primary Production (NPP) 


1. This is the amount of energy left after self preservation (R) of those autotrophs occurs. 




a. Self- preservation includes processes such as Cellular respiration, Homeostasis, 
                                     growth, repair.




b. NPP is the energy that will be available to the next trophic level; usually 10 %. 
                                    (The 10%  rule.)



2. NPP = GPP – R
