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OXYGEN, CARBON DIOXIDE , AND PLANKTON

OVERVIEW

Students will study videos, charts, ship scientist’s logs, and data gathered over a week from the
Research Vessel Sea Explorer (located at the Orange County Marine Institute in Dana Point, CA).  They
will be challenged to form a model that explains what was occurring in the waters off Dana Point over
that time.  They will also learn about the shipboard research equipment used to collect the data.

CONCEPTS

• Plants photosynthesize and animals respire.  Plants use carbon dioxide (CO2) and produce
oxygen (O2).  Animals use O2 and produce CO2.  This ties plants and animals together in the
global ecosystem.  In the ocean, this relationship between animals and plants is directly tied to
seawater chemistry.

• In photosynthesis, CO2 and H2O are converted to organic material, such as plant tissue, in the
presence of light energy.   O2 

is a by-product.  In respiration, organic material and  O2 
are

“burned” so that organisms can get the energy they need.  CO2 is the by-product.
• By measuring chemical components in seawater, we can tell what the living part of the ocean is

doing.
• By examining changes in the assortment of plankton and seawater chemistry over time, it is

possible to observe a link between the oceans living and non-living components.
• Because of reduced light at depth, the assortment of plankton (less phytoplankton, more zoop-

lankton) and the deep ocean water chemistry varies.

MATERIALS

• Movies of oceanographic equipment
• Plankton ID charts (found at end of this activity).
• Chemistry data given in this activity.
• Graph paper

PREPARATION

Because the QuickTime videos are critical to this activity, students will need access in small
groups to a computer with the CD-ROM.  Teachers may want to do the “Engagement” as a class, then
break students into small groups who can explore the video, while other groups work on non-video ac-
tivities (for example, reading the scientist’s log, graphing the measurements, etc.).  Then, the whole
class can get together to discuss their results.

Print out at least one copy of the plankton identification chart for each group.

PROCEDURE

Engagement
The pH of seawater indicates the level of dissolved carbon dioxide (CO2) in seawater.  Oxygen (O2)

is easily measured in seawater using either wet chemistry or an oxygen probe device.  The concentra-

Standards & Benchmarks
Science Standard  6,  Grades K-2  Knows that animals require air, water, food, and shelter; plants require air, water, nutrients, and lightScience Standard  7,  Grades K-2  Knows that living things are found almost everywhere in the world and that distinct environments support the life of different types of plants and animals Science Standard  7,  Grades 6-8  Knows ways in which species interact and depend on one another in an ecosystem (e.g., producer/consumer, predator/prey, parasite/host, relationships that are mutually beneficial or competitive)Science Standard  7,  Grades 6-8  Knows factors that affect the number and types of organisms an ecosystem can support (e.g., available resources; abiotic factors such as quantity of light and water, range of temperatures, and soil composition; disease; competition from other organisms within the ecosystem; predation)Science Standard  7,  Grades 6-8  Knows relationships that exist among organisms in food chains and food webs Science Standard  7,  Grades 9-12  Knows how the interrelationships and interdependencies among organisms generate stable ecosystems that fluctuate around a state of rough equilibrium for hundreds or thousands of years (e.g., growth of a population is held in check by environmental factors such as depletion of food or nesting sites, increased loss due to larger numbers of predators or parasites) Science Standard  8,  Grades K-2  Knows that plants and animals need certain resources for energy and growth (e.g., food, water, light, air)Science Standard  8,  Grades 3-5  Knows the organization of simple food chains and food webs (e.g., green plants make their own food with sunlight, water, and air; some animals eat the plants; some animals eat the animals that eat the plants)Science Standard  8,  Grades 6-8  Knows how energy is transferred through food webs in an ecosystem (e.g., energy enters ecosystems as sunlight, and green plants transfer this energy into chemical energy through photosynthesis; this chemical energy is passed from organism to organism; animals get energy from oxidizing their food, releasing some of this energy as heat) Science Standard  8,  Grades 9-12  Understands how the processes of photosynthesis and respiration in plants transfer energy from the Sun to living systems (e.g., chloroplasts in plant cells use energy from sunlight to combine molecules of carbon dioxide and water into complex, energy-rich organic compounds, and release oxygen to the environment) Science Standard  10,  Grades 3-5  Knows that properties such as length, weight, temperature, and volume can be measured using appropriate tools (e.g., rulers, balances, thermometers, graduate  cylinders)Science Standard  15,  Grades K-2  Knows that tools (e.g., thermometers, magnifiers, rulers, balances) can be used to gather information and extend the sensesGeography Standard  8,  Grades 3-5  Knows the components of ecosystems at a variety of scales (e.g., fungi, insects, plants, and animals in a food chain or food web; fish and marine vegetation in coastal zones; grasses, birds, and insects in grassland areas) Geography Standard  8,  Grades 6-8  Understands the distribution of ecosystems from local to global scales (e.g., the consequences of differences in soils, climates, and human and natural disturbances)Geography Standard  8,  Grades 6-8  Understands the functions and dynamics of ecosystems (e.g., interdependence of flora and fauna, the flow of energy and the cycling of energy, feeding levels and location of elements in the food chain)
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tions of these components are often tied directly to the activity of the biomass, in this case, the biomass
of plankton.  Medical doctors sometimes measure the same properties in a person’s blood.  By looking
at the blood’s chemistry, doctors can make assessments about the living part of the patient’s body.
Oceanographers do a similar thing: by studying a non-living component of ocean water--its chemical
makeup--they better understand the living part.

Oxygen is made by plants and used by animals.  In the ocean, plants are restricted to the near surface
photic zone because of their need for sunlight.  O2 concentration is highest where plants are blooming
[Fig. 1, left].  In seawater, O2 ranges from 0 to 9-10 PPM (parts per million).  The pH scale ranges
between 0 to 14;    7 is neutral.  If the pH is higher than 7 then the water is alkaline, lower than 7 means
that it is acidic.  The range in seawater pH is generally between 8.1 and 8.4 [Fig. 1, middle].  The pH
reflects the CO2 concentration in the water.  High pH implies low CO2 

[Fig. 1, right].

Figure 1.  Generalized depth distribution of dissolved oxygen, pH and carbon dioxide.
The general relationship between dissolved oxygen, pH, and dissolved carbon dioxide is shown.
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❏ the pH scale has values from 0 to 14
7 is neutral
pH > 7 (alkaline)
pH < 7 (acidic)

❏ pH of the ocean normally ranges from 8.1 to 8.4 at the surface

❏ pH is directly influenced by carbon dioxide levels
Animal Activity:  Increases acidity (lower pH values)
respiration decreases O2 levels and increases CO2 levels
Plant Activity:  Decreases acidity (higher pH values)
increases O2 and decreases CO2 from the water
through photosynthesis
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Movie 2. Collecting subsurface
water with a Van Dorn bottle.

Movie 3.  Determining light pen-
etration with a Secchi disk.

Movie 4.  Determining pH.

Movie 5.  Measuring dissolved oxy-
gen.

Watch the movies of a plankton net, Van Dorn
bottle, Secchi disk, pH analysis, and oxygen probe
[Movies 1-5].  Three times during one week, the
research vessel Sea Explorer [Fig. 2] was used to
sample the plankton and measure the chemistry of the
water at the surface and 50 meters down.

Movie 1. Plankton Net.

Figure 2.  Research  Vessel Sea Explorer
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Activity
1. Read the scientist’s log [Table 1] completely.
2. Make graphs that show: oxygen level at the surface versus time, oxygen levels at 50 meters depth

versus time, pH levels at the surface versus time, pH levels at 50 meters depth versus time, and
depth of the photic zone versus time.

3. Groups using the computer should:
a.  Watch the videos [Movies 1-5] about how the measurements were taken.
b.  Study each of the plankton sample figures [Fig. 4].  Identify what kinds of plankton you

observe in each sample using the identification chart.  Also, note the relative quantity of total
plankton (for example, a lot or very few) in each sample.  Record your results.  In each
sample, do you see relatively more phytoplankton (plants) or more zooplankton (animals)?

4. Based on your graphs and the results of your plankton study, how do you explain the changes in
seawater chemistry observed?

Explanation
Plankton are at the bottom of the food chain and have specific requirements: sunlight, water and

nutrients.  If plants do not get these, they hibernate or die.  Without plants to eat, the animals die.
Plankton Sample #1 reflects this condition with a general absence of both phytoplankton (plants) and
zooplankton (animals)  [Fig. 4].  Such low productivity lowers the oxygen concentration at the surface,
almost matching oxygen levels at depths where no productivity occurs.

When winds blow offshore, the warm surface water is pushed away and cold nutrient-rich water
rises up.  This process is known as upwelling.  When this happens, near-surface plants bloom.  One type

 Table 1  Scientists Log
    Surface  Surface  50 m  50m  
 
 Day

 Plankton
Sample #

 Photic
zone
(m)

 O2

 (ppm)
 

 pH
 O2

 (ppm)
 

 pH
 

 Notes

 1  1  30  7  8.0  6  8.1  Last week seawater clear
and blue, winds blew
toward the shore.  Gathered
surface sample using
plankton net [Fig. 4a].
Recorded photic zone using
Secchi disk and water
chemistry using Van Dorn
bottle.

 3  2  2  9.8  8.5  7  8.1  Winds shifted to offshore
direction. Water was
turbid and cloudy, with a
red tinge [See sample, Fig.
4b].

 7  3  20  8.5  8.3  7.5  8.2  Winds calmed, blew
onshore again.  Red color
diminished. Water was
clear [See sample, Fig. 4c].
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of plant--dinoflagellates (in this case Gonyaulax sp.)--thrives under these conditions.  This is one of the
chief types of plankton that occurs in a “red tide.”  This is reflected in Plankton Sample #2, which was
collected on Day 3 [Fig 4].  The increased plant activity boosts the oxygen levels near the surface and
also lowers the carbon dioxide level.

Phytoplankton blooms lead to increases in the zooplankton population.  So, days later, the zooplank-
ton and phytoplankton are blooming, as is seen in Plankton Sample #3 collected on Day 7 [Fig. 4].  Over
time, zooplankton use up the oxygen and add carbon dioxide to the near-surface water.

(c) Day 7(b) Day 3(a) Day 1

Figure 4. Plankton samples.

EXTENSION

What is the impact of “red tides” and “brown tides” on fisheries, coastal activities, and local eco-
nomics?  What causes them to occur?  Have students research these topics and report on what scientists
are doing to help better understand these events.

If you live near the coast or can access coastal data, watch for “red tide” alerts.  If they occur, re-
search the wind conditions (for example, strength and direction) that preceded the “red tide.”

VOCABULARY

biomass ecosystem food chain

nutrients pH photic zone

photosynthesize phytoplankton plankton

respire upwelling zooplankton

SOURCE

Adapted from Orange County Marine Institute/San Juan Institute Activity Series.



Ceratium Ceratium

Coscinodiscus Coscinodiscus

D i n o f l a g e l l a t e sD i a t o m s

Choaetoceros Choaetoceros

P H Y T O P L A N K T O N

Coscinodiscus Coscinodiscus



Zooplankton TemporaryZooplankton Permanent

Arrow Worm Sagitta Cladocera Ostracod Leptomedusa

Euphausid Flatworm Siphonophora Oikopleura (Tunicata)

Isopod Doliolum Amphipod

Copepod (Side View) Copepod (Side View) Copepod Larva

Polychaete Worm Megalops Larva of Crab Sea Urchin Larva

Trochophore Larva Nauplius Larva of Barnacle Zoea Larva of Crab

Bryozoa Larva Cypris Larva of Barnacle Tunicate Larva

Fish Egg Veliger Larva of Gastropod


