
Beeby & Beeby: Thrive in Ecology and Evolution 
Chapter 7: The ecology of the ecosystem 

 

 

© Oxford University Press, 2013. All rights reserved. 

Answers to examination-type questions 
 
1. Describe how the global cycling of carbon and nitrogen are linked by the 

biota of a terrestrial plant community. 
 
Answer 
The introduction should note the roles that nitrogen and carbon play in 
biological macromolecules – both as structural elements and as energy 
carriers. A consequence is the central role that nitrogen plays in the pigments 
used in photosynthesis and the role that carbon plays in forming high energy 
bonds. 
 A brief description of photosynthesis should give some detail about the 
main enzymes and the different pigments involved, both of which require 
significant nitrogen. There should be a clear statement that photosynthesis is 
the principal means of fixing carbon from the atmosphere. The sugars 
produced are central to all biological processes, building macromolecules and 
providing energy stores. 

The whole grazing food chain depends on this carbon fixation and 
hence on having a supply of nitrogen to enable photosynthesis. In the roots, 
the symbiotic association of Rhizobium (amongst others) with the host plant 
has a net benefit for both partners when nitrogen is in short supply - the 
sugars needed to support nitrogen fixation are supplied by the plant to its 
symbiont; in the presence of abundant soil nitrogen the partnership ends and 
no nitrogen fixation takes place. 
 Beyond the macroinvertebrates that use the organic matter directly, 
heterotrophic bacteria in the soil breakdown nitrogen-rich organic compounds 
to ammonium (ammonification) – an aerobic respiration where some of their 
carbon is oxidised and carbon dioxide is lost. All heterotrophic bacteria and 
higher organisms do this.  

In nitrification chemoautotrophic bacteria use the energy in reduced 
nitrogen compounds (ammonium and nitrites) to produce energy-rich organic 
compounds (with oxygen as the electron acceptor) - Nitrosomonas oxidise 
ammonium, Nitrobacter oxidise nitrites.   

Denitrification is the reverse of this process – an anaerobic respiration 
of organic compounds, using nitrite and nitrate as electron acceptors and with 
the production of gaseous nitrogen and carbon dioxide. Pseudomonas 
denitrificans is a major denitrifier. A good answer will perhaps offer a table or 
diagram to summarise these reactions. 
  An insightful conclusion will point to the changing role of each element 
in energy fixation and release. In both autotrophic (photosynthesis and 
nitrification) and heterotrophic metabolisms (respiration and denitrification), 
the biota are using carbon and nitrogen in complementary roles in their redox 
reactions. Beyond this, it is perhaps worth noting that their structural roles in 
biological macromolecules mean that carbon-rich compounds help to retain 
nitrogen in the ecosystem, rather than being lost to the atmosphere. 
 
2. During one growing season 114720 kJ/m2 of radiant sunlight fell on a 

forest in a watershed at the Hubbard Brook Experimental Station in New 
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Hampshire. Of this 2524 kJ was fixed as gross primary production and 
1377 kJ was respired by the plants. 

(a) what was the GPP efficiency of the plants? 
(b) what the NPP efficiency of the plants? 
 

The standing crop of the living plants represents 17069 kJ/m2 
(c) what proportion of the living standing crop does the NPP of that 

growing season represent? 
(d) what is the turnover time for the energy in this standing crop? 
 

Herbivores consumed 10 k kJ/m2 during the growing season. 830 kJ/m2 was 
available to detritivores. 

(e) what proportion of the incident radiation was consumed by the 
primary consumers on the grazing food chain? 

(f) what proportion of the incident radiation was available to the 
primary consumers on the decomposer food chain? 

 
Litter fall during the growing season added 726 kJ/m2 to the soil surface. The 
litter had a standing crop of 8203 kJ/m2. The organic matter in the upper soil 
(beneath the litter layer) represents 21061 kJ/m2. 

(g) what is the turnover time for the standing crop represented by the 
litter? 

(h) what is the total amount of energy available to all consumers in this 
ecosystem (in each square meter)?  

(i) what proportion of this energy is available to each food chain? 
 

(This data from Gosz, J. et al. Scientific American 238, 3, 92-102. 1978). 
 
Answers 

(a) GPP = (2524/114720)*100 = 2.2% 
(b) NPP = (2524-1377)/114720 *100 =1.0% 
(c) (2524-1377)/ 17069 *100 = 6.7% 
(d) 17069/(2524-1377) ≡ 14.9 years 
(e) 10/114720 *100 = 0.009% 
(f) 830/114720 *100 = 0.7% 
(g) 8203/726 ≡ 11.3 years 
(h) 8203+21061+17069 = 46333 kJ/m2 
(i) Decomposer food chain = 8203+21061/46332*100 = 63%; grazing food 

chain = 37%. 
   
 
 
 


