
I n s p i r i n g  C o n s e r v a t i o n  o f  O u r  M a r i n e  E n v i r o n m e n t PAGE 1

GRADES:

9–12 

DURATION:

30 minutes

MATERIALS:

 -Student worksheet

STANDARDS:

WA state:  
 -Systems: SYSA &  
 SYSD 
 -Earth and Space  
 Sciences: ES2A 
 -Life Sciences: LS2B  
 & LS2D
 
Ocean Literacy 
Principles:
1. The Earth has one 

big ocean with 
many features. 

2. The ocean and life 
in the ocean shape 
the features of 
Earth. 

5. The ocean 
supports a great 
diversity of life  
and ecosystems. 

OVERVIEW: 
Phytoplankton biomass differs with latitude. Through a writing assignment, students will explore 
what factors affect phytoplankton biomass in the Northern Hemisphere via analyzing world 
maps and a graph.

S E A T T L E  A Q U A R I U M

PHYTOPLANKTON BIOMASS 
WRITING ACTIVITY

GOALS AND OBJECTIVES:  
Students will: 
•	Consider the factors that affect phytoplankton growth.
•	Analyze a graph of phytoplankton biomass and explain what it is showing them. 
•	Write a five-paragraph essay about the graph and the topic. 

VOCABULARY: 
Biomass: The total mass of organisms in a given area or volume.

Plankton: Passively floating, drifting or somewhat motile organisms occurring in a body of 
water. 

Phytoplankton: Generic term for photosynthesizing plankton (aka plant plankton).

Zooplankton: Plankton belonging to the Kingdom Animalia (aka animal plankton).

North polar oceans: In the Northern Hemisphere, the north polar oceans are located 
mostly in the Arctic North polar region. The Arctic Ocean is almost completely surrounded 
by Eurasia and North America. 

North temperate oceans: In the Northern Hemisphere, temperate oceans are located 
between the Tropic of Cancer and the Arctic Circle.

Tropical oceans: Tropical oceans encircle Earth in an equatorial band between the Tropic of 
Cancer (23.5° North latitude) and the Tropic of Capricorn (23.5° South latitude). The central 
portions of the Pacific and Atlantic oceans and most of the Indian Ocean lie in the tropics.

BACKGROUND:  
The following is an excerpt from: 

Title:   Oceanography: An Invitation to Marine Science 
Author:  Tom Garrison 
Edition:  6, illustrated 
Publisher:  Cengage Learning, 2007 
ISBN:  0495112860, 9780495112860 
Pages:   394–395

Phytoplankton productivity differs with latitude and varies with the seasons

Where and when is phytoplankton productivity the greatest? This question is among the 
most important in biological oceanography. Since phytoplankton form the base of nearly all 
pelagic food webs, the biological characteristics of any ocean area will depend heavily on 
the presence and success of phytoplankton.
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With some exceptions, the distribution of phytoplankton corresponds to the distribution of macronutrients. Because 
of coastal upwelling and land runoff, nutrient levels are highest near the continents. Plankton are most abundant 
there, and productivity is highest. The water above some continental shelves sustains productivity in excess of 1gC/
m2/ day! But what of the open ocean? Where is productivity greatest away from land?

In the tropics?

Water circulating in the great tropical gyres has abundant sunlight and CO2 but is generally deficient in surface 
nutrients because the strong thermocline discourages the vertical mixing necessary to bring nutrients up from the 
depths. The tropical oceans away from land are therefore often considered oceanic deserts nearly devoid of visible 
plankton. The typical clarity of tropical water underscores this point. In most of the tropics, productivity rarely exceeds 
30gC/m2/yr, and seasonal fluctuation in productivity is low.

There are exceptions. Picoplanktonic producers may be binding carbon at rapid rates, and heterotrophic bacteria can 
be using it as fast as it is made. Even though the standing crop (biomass) of these producers is low, the exceedingly 
high rate of “throughput” of carbon dioxide and carbohydrate in these communities makes their contribution to 
general productivity very high. This “black market economy” is not available to fishes and other larger consumers 
because the larger zooplankton, which are their prey, are unable to separate these astonishingly small organisms 
from the surrounding water. Bacteria simply utilize the carbon and shuttle the metabolic products back to the tiny 
producers.

Tropical coral reefs are exceptions to the general rule. Reef areas, which account for less than two percent of the 
tropical ocean surface, are productive places because autotrophic dinoflagellates live within the tissues of the 
coral animals and don’t drift as plankton. Nutrients are made available by coastal upwelling and by the coral’s own 
metabolism. These nutrients are cycled tightly through the reed and are not lost to sinking.

In the polar regions?

At very high latitudes during the winter months, the low sun angle, reduced light penetration due to ice cover, and 
weeks or months of darkness severely limit productivity. At the height of summer, however, 24-hour daylight, a lack 
of surface ice, and the presence of upwelled nutrients can lead to spectacular plankton blooms. This bloom cannot 
last because the nutrients that support such blooms are not quickly recycled and because the sun is above the critical 
angle for a few weeks at best, so the short-lived summer peak does not compensate for the long, unproductive winter 
months.

Average productivity at very high northern latitudes tends to be lower than at high southern latitudes, averaging less 
than 25 gC/m2/yr. The Arctic Ocean is almost surrounded by landmasses that limit water circulation and, therefore, 
nutrient upwelling, so nutrients are quickly depleted. The southern ocean, on the other hand, is enriched by water 
upwelling to replace sinking Antarctic bottom water. This rich mixture is stirred by the Antarctic circumpolar current. 
The Antarctic accounts for a much greater share of high-latitude production than the Arctic because its nutrients 
rarely become depleted.

In the temperate and subpolar zones?

The tropics are generally out of the running because of nutrient deficiency, and the north polar ocean suffers from 
slow nutrient turnover and low illumination, so the overall productivity prize goes to the temperate and southern 
subpolar zones. Thanks to the dependable light and moderate supply of nutrients, annual production in the nearshore 
temperate and southern subpolar ocean areas is the greatest of any open-ocean area. Typical productivity in the 
temperate zone is about 120gC/m2/yr. In ideal conditions southern subpolar productivity can approach 250gC/m2/yr!

S E A T T L E  A Q U A R I U M
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Figure 14.12 shows the levels of productivity in tropical, temperate and northern polar ocean areas. Note that 
nearshore productivity is almost always higher than open-ocean productivity, even in the relatively productive 
temperate and south subpolar zones.

Curiously, the open-ocean area with the greatest annual productivity is an exception to the general picture developed 
in this section. Slender, cold fingers of high productivity pointing west from South America and Africa along the 
equator are a result of wind-propelled upwelling due to an Ekman transport on either side of the geographic equator. 

During a particular season?

Figure 14.13 shows the relationship of phytoplankton biomass to season and latitude. The low, flat line representing 
annual tropical productivity contrasts with the high, thin peak representing the Arctic summer. The higher of the two 
peaks for the temperate zone indicates the plankton bloom of northern spring, caused by increasing illumination; the 
smaller temperate zone peak, representing the northern fall bloom, is caused by nutrients mixed toward the surface 
with increasing storm activity and less thermal stratification.

S E A T T L E  A Q U A R I U M
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ACTIVITY: 

1. Review with your class the factors that affect phytoplankton biomass. Have the students brainstorm and create a 
list with the whole class.

2. Before starting the activity, you can also have the students talk about how phytoplankton biomass might be 
different around the world and why it varies. Conversely you could have them complete the activity first and then 
follow up with a class discussion.

3. Students should examine the graph and world maps provided, think about the proposed questions and complete 
the writing assignment.

4. Follow up with a class discussion of their ideas. Continue the discussion by asking the students why humans should 
care about phytoplankton biomass around the world and why it affects us directly and indirectly.

EVALUATION:

Upon completion of this activity students should:

•	Understand that phytoplankton biomass changes throughout the year and is not the same in different parts of  
the world.  

•	Be able to identify factors that influence phytoplankton biomass and how differences in these factors change 
phytoplankton biomass around the world.

S E A T T L E  A Q U A R I U M
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North polar zone 

Between the North Pole and the Arctic Circle (latitudes: 90°N to 66.5°N).

North temperate zone 

Between the Arctic Circle and the Tropic of Cancer (latitudes: 66.5°N to 23.5°N).

PHYTOPLANKTON BIOMASS 
WORKSHEET
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Tropical zone 

Between the Tropic of Cancer and the Tropic of Capricorn (latitudes: 23.5°N to 23.5°S).

Take a good look at the above graph. What is it showing you? Look at the fluctuations in phytoplankton biomass 
(amount of phytoplankton) in the north temperate zone. Is it at a constant level all year long? No. Throughout the year 
the amount of phytoplankton in the ocean varies; sometimes there are small amounts of phytoplankton in the water, 
and sometimes it is so thick that the water has a dark green hue. Furthermore, the phytoplankton biomass varies in 
different parts of the world.
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Think about what factors influence phytoplankton biomass. Most of these factors are natural, but humans can directly 
and indirectly affect phytoplankton biomass as well. Once you have identified a few possible factors, think about how 
they may cause phytoplankton biomass to be different around the world. 

Write a short essay about what this graph shows you and why you think this happens. Your essay should be formatted 
in the following way, answering each of the questions: 

First paragraph: Introduction

Second paragraph: What factors influence phytoplankton biomass?

Third paragraph: How do these factors vary around the world and why does that affect 
phytoplankton biomass?

Fourth paragraph: Why is phytoplankton important to other organisms living in the oceans? 
How does their biomass affect other organisms?

Fifth paragraph: Conclusion
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ANSWER KEY
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Each student should have a similar essay, but their answers may vary slightly. The following includes general points 
that students should cover in their essays. 

First paragraph: Introduction

Second paragraph: What factors influence phytoplankton biomass?

-Biomass refers to how much phytoplankton in present at one time.

-Students should talk about what phytoplankton needs to survive, such as sunlight and nutrients (such as 
nitrogen and phosphorous). 

-Nutrients are in higher concentrations in colder water, so they might mention water temperature as well.

-Phytoplankton also need CO2 to undergo photosynthesis, and there is plenty of that available in the ocean.

Third paragraph: How do these factors vary around the world and why does that affect phytoplankton biomass?

-Water mixing is different around the world, so that is going to affect the amount of nutrients available for 
phytoplankton. 

-The amount of sunlight will also affect the growth of phytoplankton.

-Tropical waters have lots of sun, but those areas have less nutrients, so there will be less phytoplankton there.

-Temperate waters have sun available all year, and they have more nutrients available than tropical waters. At 
certain times of year, cold water comes up to the surface (upwelling) bringing more nutrients with it, allowing for 
spikes in phytoplankton growth.

-North polar waters are lacking sunlight for part of the year, and nutrients build up when there is limited 
phytoplankton growth. When there is available light (sometimes 24 hours of light) there is a spike in 
phytoplankton biomass.

Fourth paragraph: Why is phytoplankton important to other organisms living in the oceans? How does their biomass 
affect other organisms?

-Phytoplankton are at the base of the food chain. They produce their own food/energy and other organisms rely 
on that.

-When there are small amounts of phytoplankton there may not be enough food to support lots of organisms that 
eat phytoplankton, which then trickles up the food chain and can affect food sources for other organisms as well. 

-When there are a lot of phytoplankton, there is plenty of food for organisms that eat phytoplankton, so there may 
be increased numbers of zooplankton available, and in turn increases in populations of the organisms that eat 
zooplankton. Again, it trickles up the food chain. 

-Large animals, like baleen whales, that eat zooplankton migrate to areas with high productivity (meaning lots of 
phytoplankton and therefore zooplankton) to feed.

Fifth paragraph: Conclusion


