
Study Guide 
Exam II, Fall 2015 

Terrestrial Biogeochemistry 
 

1. Diagram AND describe the C3 and C4 photosynthetic pathways. How are they 
similar? How are they different? Be sure to know the names of all the substrates and 
enzymes involved in C-fixation reactions. 

2. How does the evolutionary history of the photosynthetic pathway play into the 
benefits and limitations of land based C3 and C4 photosynthesis? 

3. What is net primary production?  What factors control net primary production? On a 
global basis, what are the most and least productive ecosystems in the world and 
how does this relate to the allocation of NPP belowground?  

4. What is net ecosystem production?  How does it differ from NPP?  What factors 
affect NEP in terrestrial ecosystems? 

5. What is net ecosystem exchange NEE and how does it differ from NEP?  Explain 
how eddy flux measurements are made and how they enable you to calculate the 
component fluxes GPP and RT. 

6. Diagram and describe variations in NEE, GPP and Rt at the monthly time step for 
one year [Jan-Dec] in an northern hemisphere ecosystem gaining C from the 
atmosphere. Diagram and describe variations in NEE [only] at the monthly time step 
over the period of 5 years. How are these plots similar and how are they different 
[other than the first includes GPP and Rt whereas the second does not]. 

7. The decomposition of fresh litter follows is exponentially related with time. What are 
the different stages of litter decomposition and why would they lend themselves to 
an exponential-type model fit? 

8. What are the major compounds found in plant litter? How does their chemistry 
relate to their decomposability? What types of plant compounds do you predict are 
lost in each of the three “stages” of litter decomposition [sensu Chapin et al. 2001]? 
Why do some litters decompose more rapidly than others? 

9. What are the major groups of soil microorganisms, types of extracellular enzymes 
they produce and how do these enzymes contribute to decomposition?  

10. What are the main factors that affect inputs and losses of C from soil? Provide a 
one-sentence description of how each factor operates. [see lecture 12, slide 1] 

11. What factors affect the temperature sensitivity of decomposition? Provide a one-
sentence description of how each factor operates. [see lecture 12 slide 2] 

12. Arrhenius kinetics describes the relationship between the rate of decomposition and 
soil temperature. Write down the Arrhenius equation and define each of the 



model’s parameters. How would the factors you describe in question 10 influence 
one or more of these parameters? 

13. The Dual-Arrhenius Michaelis-Menten [DAMM, what a good acronym!] model of 
decomposition relates enzyme reaction rates to substrate supply. Write the down 
the DAMM model and interpret the model equations. For example, which of the 
substrate limiting factors identified in question 10 are modeled? Expand the DAMM 
model with Arrhenius kinetics for temperature. How well does this model work 
relative to laboratory data. 

14. How do most ecosystem models simulate the decomposition process? How well do 
these models predict the quantity and distribution of soil C across the globe? Do 
microbial-enzyme models do any better? Why? 

15. What evidence is there for nitrogen limitation of terrestrial productivity? Diagram 
and describe a basic N cycle. To what extent does N fixation relative to the 
intrasystem cycle of N contribute to terrestrial productivity? 

16. Diagram and describe a conceptual model for microbial decomposition of soil 
organic matter and N cycling. Be sure to include each pool and flux of N in the 
model. Use the Schimel and Bennet 2004 diagram to craft your model noting the 
differences between the “classical” and “emerging” views of N cycling. 

17. What is a critical C-to-N ratio? How can you estimate this ratio for a particular 
ecosystem? 

18. What evidence is there for organic N uptake by plants? Describe experiments used 
to demonstrate its occurrence and explain how you might expect the form of 
available N to vary across a latitudinal gradient from the tropics to the poles. 

19. What are the major output pathways for N in an ecosystem? What biological and 
environmental factors influence each of these pathways and when would you expect 
them to dominate? Be sure to discuss both gaseous and hydrological losses. 

20. Nitrogen saturation of ecosystems involves a soil biogeochemistry cascade related 
to the form of available N, acidification, base cation loss and increases the solubility 
of metals. What is the cascade, how does it work and how might this affect primary 
production? 

21. Diagram and describe the seasonal cycle for streamwater [NO3
-] in forest 

ecosystems? How and why might such data be used to identify N-replete or N-
saturated ecosystems? 


