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Chapter 4 vocabulary 

1. Nutrient
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4. Run-off

5. Upwelling

6. Assimilation

7. Residence time

8. Sink

9. Source

10.Infiltration

11.Leaching

12.Marine snow

13.Dissociation 

14.Diazotroph

15.Saprophytic 



Cycling of elements in the ecosystem
Nutrient cycles move nutrients that are essential for life through the food 

chain through feeding. 

Nutrients: a chemical that provides what is needed for organisms to live and 

grow.

When organisms die, decomposers break down the organic tissue and return 

it to inorganic forms. (inorganic forms could remain in ecosystem for millions 

of years before being synthesized into organic forms)

Decomposer:  bacteria and fungi that break down dead organic matter and 

release the nutrients back into the environment.



The ocean is a reservoir for elements…..
Reservoir: part of the abiotic phase of the nutrient cycle where nutrients can 

remain for long periods of time.

Producers and microorganisms are able to fix inorganic molecules to organic 

substances. In this way… the abiotic part of the cycle can be moved into the biotic. 

(Fecal matter/dead organisms)

Some are added to coral reefs and/or removed from the ocean altogether from 

harvesting.

Molecules are added in through run-off and upwelling.

Run-off: the flow of water from land caused by precipitation

Upwelling: the movement of cold, nutrient rich water from deep in the ocean to 

the surface
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Nutrient cycles
Nutrients move from from the abiotic to the biotic when nutrients are 

absorbed and assimilated by producers

Assimilation: the conversion of a nutrient into a usable form that can be 

incorporated into the tissues of an organism.  Ex. CO2 is inorganic (abiotic cycle) but is 

fixed into glucose in photosynthesis. It can then be converted into other molecules (starch/cellulose). It has 

been assimilated and is now apart of the biotic cycle. Some nutrients are lost in excretion and egestion. 

The remainder will stay within the organism until it dies and is decomposed (now nutrients are apart of the 

abiotic cycle again)



Reservoirs
Nutrients will remain in the 

ocean for a long period of time.

Residence time: the average 

time a particle spends in a 

particular system

In the ocean it tends to be very long 

because nutrients fall to the bottom of the 

ocean with feces and death. (thousands-

millions of years) @ surface time is shorter, 

hence large amount of productivity at the 

surface. 

Nutrient Avg. Residence Time/year

Phosphate (phosphorous) 20,000-100,000

Magnesium 17,000,000

Bicarbonate (carbon) 100,000

Nitrogen 2,000

Calcium 1,000,000



Limiting nutrients
The amounts of nitrogen and 

phosphorous affect the rate of 

growth the most because they 

are most limited in quantity. 

When their concentration 

increases so does productivity. 

Ion Average concentration in 

seawater surface/ppm

chloride 19,345.00

sodium 10,752.00

sulfate 2701.0

magnesium 1295.00

calcium 416.00

hydrogencarbonate 145.00

nitrate .50

phosphate .07



Processes that add nutrients to seawater
1. Dissolving of atmospheric gases

2. Upwelling

3. Run-off



Dissolving of atmospheric gases
Nitrogen is in the form of Nitrogen gas (N2)

Carbon is in the form of carbon dioxide 

(CO2)

The amount of gas that can dissolve 

depends on the following:

● Temperature of the water

● Amount of each gas present in the 

atmosphere

● Amount of mixing at the surface

When more gas is being dissolved into the 
water than is being diffused into the 
atmosphere- this is called a sink

Sink: an area where there is a net loss of 
material (ex. More gas dissolves into the 
ocean than is diffusing into the air)

The opposite of this is called a source…
Source: an area where there is a net gain 
of material (ex. More gas diffuses into the 
atmosphere than is dissolved in the ocean)

Typically, the concentrations maintain an 
equilibrium. 
(=amount dissolve in =amount diffuse out)



Movement of CO2 into and out of the oceans over the course of a year. 

Purple and blue areas are Carbon sinks… red and orange are carbon sources. 

Green is at equilibrium (CO2 dissolved=CO2 diffused)



Upwelling
Cold/nutrient rich water from the deep ocean is brought to the surface

Nutrients tend to sink to the bottom hence why it’s high in the deep ocean

Dead organisms and fecal matter sink- get decomposed and their ions are 

returned to the water (ions- think broken apart molecules)

Areas of high upwelling tend to be most productive and have high catches of 

commercial fish (25% of fish are caught from just 5% of ocean where there is 

high upwelling)

How does this happen…….



Why does upwelling happen?
When winds blow parallel to shore...warm surface water gets displaced and 

moves offshore and has to be replaced by cool water from the deep. 

(downwelling is when the current is pushing water towards the coast and it 

sinks- this removes nutrients)

https://www.youtube.com/wat

ch?v=60_y6-CiUMA

https://www.youtube.com/watch?v=60_y6-CiUMA
https://www.youtube.com/watch?v=60_y6-CiUMA


Run-off
Water from lakes, streams and rivers flows into the ocean.

Water evaporates and condenses into clouds into the atmosphere and from 

there falls onto land as precipitation.

Infiltration: part of the water cycle where water soaks into the soil at ground level and 

moves underground

Rate of infiltration depends on the soil:

Sandy soil, has large particles and large gaps= high infiltration rate.

Clay soil, small particles=low infiltration rate.

Higher infiltration rate=lower amount of surface runoff (bc more water is being 

absorbed).



Run-off continued
As water flows toward the sea it leaches nutrients from the soil. 

Leaching: process which water-soluble nutrients are removed from the soil 

and dissolved in water that is flowing to the sea.



Processes that remove nutrients from the surface layer
Main way nutrients are removed are removed is through uptake and 

assimilation by producers (fix inorganic compounds to organic compounds that can get 

passed up the food chain) ex. Phytoplankton take up Nitrate ions to produce amino acids (which 

make proteins to form the phyto structure...zooplankton eat phyto and then digest these proteins to 

produce their own!!!!)

Other processes…

● Marine Snow

● Incorporation into Coral Reefs

● Harvesting 



Marine snow
Marine snow: particles of organic 

matter that fall from the surface of the 

ocean to the deeper water.

Composed of feces, dead 

animals, phyto and zooplankton. (looks 

like snow falling).

This provide continue food for 

organisms in the deep ocean. Fish and 

zooplankton eat it on the way down 

and well as many filter feeders in the 

deep.



Incorporated into Coral Reefs
Coral polyps (baby corals) secrete a hard shell made of CaCO3, calcium 

carbonate to protect themselves and zooxanthellae. 

Corals eat zooplankton- zooplankton eat phyto… corals can utilize these 

nutrients for themselves. Even after corals have died the shells can last for a 

looooooong time. Most reefs are 5000-10000 years old. 



Harvesting 

Removal of marine species by humans.

In 2016 it was estimated that the 2010 fish catch was 109million metric  tons

-other species are also harvested: crustaceans (crabs and lobsters), molluscs 

(mussels and squid), macro-algae (seaweed). 

All of the nutrients in these species are removed from the ecosystem when 

they are caught. 

BUT! They can get back… humans eat fish...nitrogen compounds are lost in 

urine….urine goes to sewage… after treatment, sewage goes to river/oceans. 



Marine Nutrient Cycles
The same diagram can be used to show all nutrient cycles.
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The Carbon Cycle
Remember from Bio: Carbon is the basis of ALL organic material!

Carbon enters the biotic phase through photosynthesis.

Carbon is primarily released through respiration 

Main way carbon gets into the ocean is from dissolving in from the atmosphere (remember: gases 

want to be in equilibrium so they will go from a high concentration to a low concentration)

Dissociation: the reversible chemical change where the molecules of a single compound separate 

into two or more other substances.

CO2 creates carbonic acid (H2CO3) in water.

H2CO3 will then dissociate into hydrogen carbonate ion (HCO3-) and hydrogen ions H+

HCO3- will dissociate even further.... Carbonate CO3
2- and H+ ions 

89% of Carbon in seawater is in the form of hydrogen carbonate 10% carbonate and 1% CO2



Carbon cycle continued
1) The algae and photosynthetic bacteria in phytoplankton take in dissolved 

CO2 it is fixed into glucose and 2) can be used to form other compounds 

needed by the phytoplankton. 3) phyto are eaten by zooplankton & carbon 

compounds are broken down during digestion. 4) zooplankton then assimilate 

the carbon into their own biomass. 5)process is repeated when zoo are eaten.

At each stage respiration is still occurring so CO2 is released in the water (can 

be diffused back into the atmosphere).

When organisms die the organic matter is decomposed and returned to the 

water as inorganic carbon. (some falls to the bottom as marine snow and stays 

for a long period of time)
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Carbon cycle continued
Every year there is approximately 2 gigatons added to the ocean through 

human activities (combustion of fossil fuels)

This increases the dissolved CO2 in the ocean and therefore, creates more 

Carbonic acid. The pH of seawater has decreased by 30% since 18th century. 

This can decrease the amount of Carbonate ions and make it difficult for 

corals to produce their shells. This can dissolve shells or shrimp, and molluscs



Ideas for preventing ocean acidification?
Ocean seeding/ iron fertilization

● Adding Iron (a limiting nutrient) can increase productivity of 

phytoplankton and therefore; increase the intake of CO2

● This could cause a HAB (harmful algal bloom)

● Long-term effects are unknown.



Nitrogen Cycle
Needed for amino acids: make proteins

Needed for nucleic acids: make DNA/RNA

Cycle is more complex bc most producers can’t take 

in N2 (nitrogen gas from the atmosphere) it must be 

converted into usable forms

Nitrogen fixation (conversion) must occur and 

diazotrophs do this!

Diazotrophs: an organism that is able to grow 

without external sources of fixed nitrogen bc it is 

able to fix nitrogen gas into substances like ammonia 

(NH3) ex. Bacteria and Archaea bacteria
Trichodesmium, a genus of marine diazotroph 

Showing its filaments of cells, which are able to 

fix molecular nitrogen



Nitrogen Fixation
Requires the enzyme: Nitrogenase which requires low levels of O2 to function.

Specialized cells for Nitrogen fixing are required with lower levels of O2 vs. cells 

that do carbon fixing (photosynthesis) with high levels of O2

Ammonia (NH3) dissolves in seawater ammonium ions form (NH4+) which phyto 

can convert into proteins.

Phyto can also take in Nitrate (NO3-) and Nitrite ions (NO2-), but oxygen must be removed 

and that require energy. These are in higher concentrations than ammonia so many phyto do take this 

in.



Yes the nitrogen cycle is complex…. But don’t be scared of it! You can learn 

whatever you want through repetition. Listen and read the notes a few times 

for each cycle. And DRAW the cycles out

Copy this chart into your notebook for a more concise chart on the different 

organisms involved in the nitrogen cycle. . 

Type of microorganism Function in nitrogen cycle

Diazotroph

Saprophytic bacteria

Ammonifying bacteria

Nitrifying bacteria

Denitrifying bacteria



Nitrogen Cycle cont.
a) Proteins created by phyto are passed to consumers

b) Consumers digest proteins into monomers: amino acids and rebuild their 

own proteins.        c) Next…. death……….

d) When producers and consumers die their proteins are broken to amino 

acids by saprophytic bacteria and fungi. sapro=rotten/decay phyte=plant-like

Saprophytic: decomposers that feed on dead organic matter (death eater)

e) Ammonifying bacteria then convert the amino acids back into ammonia. 

f) Ammonia can then be oxidized into nitrites THEN nitrates in a process called 

nitrification …… (this is continued).....



Nitrification Fun
f) Ammonia can then be oxidized into nitrites THEN nitrates in a process called 

nitrification…. 

● Bacteria called Nitrosomonas converts ammonia into nitrites….

● Nitrobacter convert nitrites to nitrates 

(these sound like awesome extra credit questions!)

They are chemoautotrophic and gain nrg from the rxns 

Lastly, g) denitrifying bacteria convert nitrates (NO3-) and ammonia (NH3) back 

into Nitrogen gas (N2)

**This reduces the amount of Nitrogen available for phyto and since it is a 

limiting nutrient…. Limits productivity. 
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The magnesium cycle 
Magnesium is needed by producers to synthesize chlorophyll

Chlorophyll formula: C55H72O5N4Mg

Found in rocks ex. Dolomite and enters water through erosion and 

weathering.

Used in many chemical industries and found in fertilizers, therefore; the main 

way it enters the ocean is through run-off after being leached from the soil.

Removal of Mg ions is through deposition in the sediment at the bottom of 

the ocean and (since it’s in every cell living cell), harvesting organisms out of 

the ocean and incorporation into the organisms in a coral reef.
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The Calcium cycle
Importance: used to build healthy bones, coral and teeth. 

Rainwater reacts with CO2 in the atmosphere to form carbonic acid H2CO3….

….this extracts Calcium from calcium-rich rocks (limestone, marble and 

dolomite) in the form of calcium hydrogencarbonate. This dissolves in water 

and enters the ocean through run-off.



Coccolithophores
A type of phytoplankton that uses calcium to 

produce scales called coccoliths  from CaCO3

The scales are transparent and doesn’t disrupt 

photosynthesis. It is suggested that they help 

against predators and osmotic changes.

*the production of scales increases 

photosynthesis because the creation of calcium 

carbonate CaCO3 releases CO2 as a by-product. 

Coccolithophores are eaten by zooplankton-

passing Calcium to animals.



Coccolithophores
When they die the sink to the 

floor and become part of the 

sediment. Chalk is formed from 

coccolithophores that deposited 

millions of years ago. The White 

Cliffs of Dover in England are 

famous examples of chalk from 

coccolithophores.
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The Phosphorous Cycle
Importance: used by all living things to create nucleic acids and form DNA. (it 

is also essential for bones in vertebrates. 

Major source is from rocks like Apatite.

Phosphorous attaches to soil particles and is added to the water through soil 

erosion.

Phosphates are also found in fertilizers, manure, sewage (all enter the water 

through run-off)



Phosphorus 
Once phytoplankton take in phosphorous it is assimilated into DNA and 

phospholipids in the cell membrane. 

There is evidence that when phosphorus is low, phytoplankton can alter their 

cell membranes. 

When consumed, consumers assimilate phosphorus into their DNA and cell 

membranes. 

When organisms die they get decomposed or they sink to the bottom of the 

ocean and become apart of the sediment.  
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Last slide
For each cycle know:

a. Why its biologicaly important

b. How it gets into the ocean

c. How it leaves the ocean

Or 

d. How it stays?


