Biology/N, C cycle

Question 1

a) Dissolved CO2 reacts in seawater. Complete the equations in figure 1.
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b) What would be consequences of the current change in atmospheric CO2 for organisms with CaCO3 shells? How will this affect the food web? Are there any economic consequences?

Calcification/ up build of shells will be reduced; shells will dissolve in surface waters

Shelled organisms like pteropods/coccolithophores are on the base of the food web. If they disappear all other trophic levels will be affected. This could lead to great losses for fishery.

c) Chlorophyll concentrations are an indicator for the productivity of the ocean.

Describe the chlorophyll distribution in the ocean. Which are important areas of primary production on local and global scales? 
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Open Ocean/ tropical gyres – low primary production rates but large area, high importance globally, low importance locally

Upwelling areas (equator/ western boundaries of continents – high primary production rates but small areas, important for local production/fishery, but less important for global primary production.

Coastal areas/ continental river runoff –primary production rates in between Open Ocean and upwelling areas, they are medium important for global primary production, important for local fishery

d) Certain parts of the ocean are called HNCL (high nutrients, low chlorophyll) regions. 

Based on figure 2 and question b) where can we find those areas? Why are the nutrients not completely taken up by phytoplankton?

Southern ocean/ Gulf of Alaska; these areas lack important micronutrients such as iron. They are also essential for phytoplankton growth. There are no rivers/ continents (desert dust) around the southern ocean that could provide iron.

Question 2

a) Figure 3 gives a simple overview on the nitrogen cycle. Fill in the different nitrogen components and name the transformation processes. 
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b) Two nitrogen-transforming processes act contrary to each other. What are the preconditions for them to occur? Where do they occur?

Nitrogen fixation introduces new bioavailable nitrogen, which is lost through denitrification. Preconditions for nitrogen fixation are the unavailability of other nitrogen sources (nitrate, ammonium). These conditions can be found in tropical gyres. Denitrification only occurs under low/ no oxygen conditions. These can be found in sediments or in oxygen minimum zones in the water column. 

c) Phytoplankton gains its energy by using sunlight and CO2. What is this process called (give an equation)? Certain other macronutrients are necessary for phytoplankton growth. Which are those and what are there sources?

Photosynthesis: CO2 + H2O + sunlight ( CH2O + O2

Nutrients: phosphate, nitrate/ammonia, silicate (for diatoms)

Sources: deep sea water (diffusion or upwelling), river run off, atmosphere, nitrogen fixation

Question 3
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a) The diagram above is an incomplete example of an ocean ecosystem separated into four trophic levels.  What is a trophic level?

Trophic levels are the feeding positions in a food chain occupied by different classifications of organisms.

b) To the right of the diagram above, list the TYPE of organism that would occupy each trophic level.

See Figure, either answer is acceptable ( plants OR primary producers is correct)

c) In the white boxes, give an example of an organism that fits the types specified in part (b).

See Figure, other examples include:

phytoplankton:  diatoms, cyanobacteria, dinoflagellates

zooplankton: copepods, euphausids(krill), shrimp

fish:  sardines, herring ,other very small fish

large carnivores: tuna, sharks, marine mammals  

d) List two sources that organisms of the first trophic level obtain energy from?

Sunlight and Dissolved Inorganic Nutrients

e) Which trophic level is likely to have the least amount of organisms?  Why?

The fourth trophic level is likely to have the least amount of organisms, because organism in this trophic level require more energy to survive, therefore consuming multiple organisms from the lower trophic level.  Also, energy is lost between trophic levels, further decreasing the amount of available energy for large carnivores to survive on.

Question 4
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a) Why does the oxygen graph have a minimum at 1000m and how does this relate to the maximum in the carbon dioxide graph?


-respiration uses oxygen and releases carbon dioxide

b) What do the concentrations in O2 and CO2 imply about the age of the water masses?


-North Pacific, lower oxygen content means have not seen the surface in a long time

c) What are some of the basic processes in the Carbon Cycle?



-uptake of carbon dioxide by algae and plants , to produce biomass 



-release of CO2 through respiration of algae, animals, and microbes



-breakdown/ remineralizing of organic carbon through bacteria

d) What is the Redfield ratio?

Ratio of C:N:P found in deep water and phytoplankton, it is 105:15:1. 

Question 5
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a) Sketch annual changes of phytoplankton and zooplankton populations in temperate regions. How do nutrient concentrations and sunlight change? Label any spikes in the phytoplankton population.

b) Based on your graph what induces the seasonal changes? Describe the changes by season and make sure to note limiting factors, total productivity, and the effect of induced seasonal thermoclines.

Winter: Low sunlight, no thermocline (well mixed water column), low productivity, high nutrient concentrations, sunlight limiting factor.

Spring:  increased sunlight, increased productivity, nutrient supply drops, nutrients limiting factor, zoo plankton feed on phytoplankton, population increase, thermocline created.

Summer:  Strong thermocline isolates productivity to surface, nutrients used up at surface, low productivity although highest rate of photosynthesis, nutrient limiting factor

Fall:  low sunlight, thermocline breaks up, mixing with subsurface waters increases nutrients, population increases temporarily, falls quickly because of lack of photosynthesis. Moderate productivity.

b) How does this differ from regions near the equator?

The thermoclines are typically present year round near the equator, therefore the nutrients are usually the limiting factor.  Photosynthesis is not an issue due to the large amounts of sun exposure.
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