EESS 8: The Oceans

Activity 3
Due: Tuesday, May 23 by 1:29 pm
Names of group members:

PLEASE WRITE YOUR ANSWER IN DIFFERENT COLOR TEXT! 
Primary Productivity in the Ocean
Guidelines

Students will work in small-groups to complete the assignment. All students must work together on each step of the activity. A single document will be turned in as a group (include everyone’s names) via email to instructors (Kate, Hannah, and Amber). The document should be clearly named as “LAST_NAMES_activity1.” You can answer the questions directly in this document, but please type answers in a different color text. The activity is due before the start of the next class (Tuesday, May 23 at 1:29 pm). 

It is important to fully read all of the background information provided in this document – this will help you answer the questions in the activity. You may also consult your textbook, lecture notes, or reputable internet resources to aid you in your answers.  

Summary
In this activity, we will first explore some of the key constraints controlling primary productivity in the ocean, then explore various tools for measuring primary productivity, and finally synthesize this information using real oceanographic data.
Objectives
· Define terms: primary productivity, phytoplankton, nutrient, stratification

· Describe the most important controls on marine primary productivity

· Understand the patterns of primary productivity in the ocean

· Learn how to use depth profiles of various oceanographic properties

· Interpret and explore real data collected in the ocean
Background

Phytoplankton (single-celled autotrophic plankton, or drifting/floating algae in the ocean) form the base of the marine food web.  There are over 5,000 species of phytoplankton, and the most common groups include diatoms, cyanobacteria, dinoflagellates, and coccolithophores (see Fig. 2).  Through the process of photosynthesis, these microscopic organisms use energy from the sun to convert inorganic carbon dioxide (CO2) into organic matter. Phytoplankton release oxygen (O2) as a byproduct of photosynthesis. Several ingredients are necessary for phytoplankton to photosynthesize: 
· sunlight (captured by light-harvesting pigments within the algae, such as chlorophyll),
· nutrients, some in large quantities (macronutrients: nitrogen, phosphorous) and some in small amounts (micronutrients: iron, zinc, cobalt),
· carbon dioxide (dissolved in the ocean from the atmosphere),
· and water.  
Phytoplankton can break down this newly created organic matter to obtain energy that they use for growth and maintenance in a process known as respiration. Net primary production (NPP) is the net amount of primary production after the costs of plant respiration are included (NPP = photosynthesis – respiration). NPP represents the amount of energy and organic matter available to larger organisms of upper trophic levels. Phytoplankton are grazed mainly by zooplankton, drifting animals in the ocean that range in size from microscopic protozoan to jellyfish, copepods, and krill.  The small zooplankton are consumed by large zooplankton, which are in turn consumed by yet larger organisms such as fish, and in this way energy is transferred from the microscopic level up to the large animals we are most familiar with, such as whales, seals, and seabirds. 
Original activity created by Molly Palmer, Stanford University
Part 1: Controls on Primary Productivity

Part 1a: Controls on Primary Productivity: Light and Nutrients
Primary productivity by phytoplankton in the ocean is controlled mainly by light and nutrient availability.  

· Light in the ocean varies due to a number of factors: depth, season, latitude, vertical mixing, the amount of sediments in the water, etc.  Light is quickly absorbed in seawater and rarely penetrates deeper than 100-200 m. More light is available in summer months, but the difference in seasonality depends on latitude. For instance, the tropics receive more direct, intense summer sun (and thus more light available and deeper light penetration) than do polar regions. Similarly, in coastal areas that receive high sediment deposits from river runoff, light is absorbed more quickly thus limiting light penetration in the water column and phytoplankton growth. 

· Nutrients (the term given to minerals that are necessary for phytoplankton growth, such as nitrate, phosphate, silicate, iron, etc.) vary with space and time, with different processes adding and subtracting from the total nutrient pool. Nutrients tend to accumulate in the deep ocean due to heterotrophic remineralization, but are depleted in the surface ocean due to biological uptake.  Surface nutrients can be replenished by riverine outflow or physical processes that trigger deep mixing (such as wind or density-driven mixing).
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1a.  To the right is a plot of light vs. depth, depicting typical curves for light penetration for two different water types.  As you can see, light is highest at the surface of the ocean and decreases rapidly with depth.  Which profile is more likely to be found near the mouth of the Amazon River?  Which profile is more characteristic of the open ocean?  Label each profile above as either coast or open ocean, and briefly describe why you chose as you did.
1b.  Answer each of the following in 1-2 sentences or bullet points:

What is the deepest you would expect to find living phytoplankton on each of the curves and why?
How can humans affect light penetration in the ocean?  Suggest 2 ways.
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2a.  To the right is a typical sketch of nutrients vs. depth in the ocean.  One of the profiles represents an essential biological nutrient (such as nitrate or phosphate) vs. depth in the surface ocean; the other profile represents a non-biologically essential element (such as Na+ or Cl-).  Label each profile as either biologically essential or non-biologically essential.  Explain why you made your choices for each.
2b.  Generally, nutrients are highest at the coast and lower in the open ocean.  Suggest two reasons why this might be.

Part 1b: Controls on Primary Productivity: Physical Controls

There are a number of key physical controls on primary productivity that we must consider to fully understand the interaction between light and nutrients.  As we have seen in class, the upper ocean is a dynamic zone where winds, thermal heating, changes in salinity from precipitation or evaporation, and other physical processes affect water column stability.  
· Mixing:  The upper zone of the ocean that is influenced by winds is called the mixed layer.  The mixed layer can be identified where all the properties are homogenous and distinct from the deep ocean. When the mixed layer extends below the zone of light penetration (called the euphotic zone), phytoplankton can be mixed to depths where no light is available for growth.  However, as you learned above, nutrient concentrations tend to be higher in deeper zones of the ocean, and wind events that cause deep mixing can help replenish surface nutrients by bringing up these otherwise inaccessible nutrients.
· Stratification: As sunlight warms the surface of the ocean, it creates a stable layer of less dense warm water that is not easily mixed with colder, denser waters below.  This thermal stratification helps phytoplankton stay in the ocean’s well-lit surface layer (euphotic zone) and thus is critical to primary productivity.  However, because this layer is difficult to mix deeply, stratified surface layers tend to quickly become depleted in nutrients, which limits phytoplankton growth.
2c.  Examine the nutrient profile from question 2a above.  Now, consider the case where the profiles above are of the same biologically-essential nutrient.  In this case, the variation between the profiles is because they were made at different times of the year: one profile represents summer conditions and one represents winter conditions.  Which is which?  How do you know?  Suggest at least 2 reasons why you made your choices.
Part 2: Patterns in Global Primary Productivity
The uneven distribution of light and nutrients in the ocean causes broadly varying patterns of global primary productivity (Figure 1).  

· At the poles, the creation of dense surface waters (by ice formation and cold air temperatures) as well as strong winter storms allow for deep mixing, which maintains high surface nutrient concentrations. Thus, primary productivity tends to be limited by light. After a long winter of no sunlight, an intense pulse of NPP is supported when light is high enough in the spring and summer.

· In contrast, in the tropics, where sunlight is very high, warm temperatures promote strong thermal stratification that prevents deep mixing most of the year (except in upwelling zones) and as a result, surface nutrients remain low.  Thus, primary productivity remains at a steadily low (nutrient-limited) rate throughout the year.  

· Temperate zones are a combination between these two extremes, with low winter light but high winter nutrients giving way to a spring bloom as soon as light levels are high enough to support phytoplankton growth.  This bloom quickly exhausts nutrient levels, and summer months typically have very low productivity.  Autumn storm events may mix deep enough to access nutrients trapped below the thermocline, allowing for a secondary (although usually less intense) phytoplankton bloom.  (Winter productivity is low due to much lower incoming solar radiation.)
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Figure 1. Seasonal light, nutrients, plankton abundance, and temperature seasonally in the mid-latitudes, tropical latitudes, and high latitudes. From Investigating Oceanography, 2nd Ed. (Sverdrup and Kudela).

3.  Which region of the ocean do you think is more productive, the poles or the tropics?  Defend your answer in 2-4 sentences. (Hint: think about rates vs. total productivity.)
Part 3: Tools for Biological Oceanography
Part 3a: Field-based Ecosystem Studies
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How do oceanographers study primary productivity?  As we have seen in past activities, there is a diverse range of tools that oceanographers employ to study the ocean, from laboratory and field studies to high-tech satellites and long-range deployable instrumentation.  Field-based studies are a common method for measuring NPP in the ocean.  Oceanographers often use results from large-scale and long-term field studies to create mathematical models to represent the ocean system, which they can then use to ask more detailed questions regarding specific processes.  The Long Term Ecological Research (LTER) Network was established by the National Science Foundation in 1980 to support research on ecological phenomena in the United States.  Today, this Network supports over “2,000 scientists and students investigating ecological processes over long temporal and broad spatial scales” (http://www.lternet.edu/).  LTER sites are special focus areas for intense scientific research.  For oceanography, a variety of sites exist, from Antarctica to right here in California, at the California Current Ecosystem LTER (see map at right; the white lines and dots represent sampling locations).  The goal of this LTER site it to explore the extremely productive coastal upwelling biome found along the coast of California.  The California Current moves southward through the Pacific Ocean along the western coast of North America, bringing cold water from the north down to our warmer latitudes here. Winds that blow south along the coast also promote wind-driven upwelling to supply cold, nutrient-rich water to the surface ocean especially during the summer. Scientists gather data throughout the year at this LTER site on fish populations and water temperatures, weather and winds, light penetration and nutrient levels, etc.  (For more information, see http://cce.lternet.edu/.)  For this part of the activity, we will use real data gathered from this LTER site to explore primary productivity in this region.

Below are four plots of real data taken from the California Current LTER site.  This data was gathered by scientists onboard a ship in the LTER site on April 20, 2007.  The site is 505 m deep and directly offshore from just north of Los Angeles.  The site has relatively clear water (not much sediment) and tends to be very productive.
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4.  Describe the plot of temperature vs. depth.  What patterns do you see?  What might cause these patterns? (Hint: think about physical processes and the time of year.)

5.  The second plot is a plot of chlorophyll concentration vs. depth.  Chlorophyll is a primary pigment in phytoplankton and is used as an approximation of phytoplankton concentration.  Describe the general pattern you see and hypothesize why this is the case. 
6.  Plots 3 and 4 show two biologically essential nutrients, phosphate and nitrate.  Describe the general pattern of these plots and explain what processes control this pattern.
7.  Using the information contained in the plots above, think about what the light penetration would look like at this station.  Draw on the plot to the right (or on a separate piece of paper) what you think the light profile vs. depth might look like. How deep (roughly) do you think light penetrates at this station?  How do you know?
8.  There is a spike in the phytoplankton plot at around 30-50 m.  This is a very typical phenomena witnessed in oceanography, where phytoplankton concentrations are highest at mid-depths rather than at the surface.  Using the plot you drew above for light penetration and the nutrient data plots, explain why this might be the case.  (Hint: Where in the water column would you like to live if you were a phytoplankton?  What ingredients are critical for your growth?)
9a.  Predict how the temperature, nitrate, and phosphate plots would be different if they had been made from data gathered in December.  Draw on each graph an example of how the plot might look and briefly describe why this is the case.
9b.  In December, we tend to find much less phytoplankton in this region.  Given the three profiles you described in part 9a, explain what factors may account for this reduction of phytoplankton growth in winter (give at least two).
Part 3b: Satellite-based Global Studies
As we have seen in previous activities, direct measurements of oceanographic properties can be expensive and limited in context, particularly spatially.  Satellite remote sensing provides a tool that oceanographers can use to study much larger zones of the ocean over much longer timescales than field studies allow for.  To study NPP in the ocean, satellites capitalize on the different pattern of reflected light that is due to clear water compared to water full of phytoplankton.  Namely, when there is more blue light reflected from the water, satellite algorithms infer that the water is void of phytoplankton. In contrast, when the water appears greener, satellite algorithms interpret this as high concentrations of phytoplankton since phytoplankton strongly absorb blue light but do not absorb very much green light. 
Satellites allow us to see seasonal and interannual variations in phytoplankton distribution, concentration, and productivity.  Below are two satellite images of estimated global primary productivity (from https://oceancolor.gsfc.nasa.gov/).  These images are monthly composites, meaning that every satellite image taken over a 1-month period is used to create the full image.  Look at the scale bar: red-orange indicates high phytoplankton concentration, green is intermediate, blue is low, purple is near-zero.  Black is land or ice.
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10. One of the satellite images is from June and one is from December.  Label each image and explain why you chose the way you did.  Make sure to indicate what processes account for the productivity pattern you see.  

11.  While referencing the maps, use your understanding of the two main controls on NPP (light and nutrients) to suggest which hemisphere contributes more to global ocean primary production. Why?

12. Which specific areas of the oceans appear to be the most productive? How does this compare to the locations of the major world commercial fisheries? Use Google to identify at least 3 major fisheries. What does this suggest about trophic transfer? 
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Figure 2. Various phytoplankton groups. From top left, moving clockwise: diatoms, diatoms, coccolithophores, cyanobacteria, and dinoflagellates.  (Images available on the web, from various sites.)
More information and references:

Duxbury, A., et al., An introduction to the World’s Oceans Sixth Edition, McGraw-Hill, 2000; Thurman, H., Introduction to Oceanography Seventh Edition, Macmillan Publishing Co., 1994; http://oceancolor.gsfc.nasa.gov/SeaWiFS/; http://cce.lternet.edu/data/; http://www.science.oregonstate.edu/ocean.productivity/
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