








Although they are often noted for their harmful effects, algal blooms (red tides, for example) occur as a part of natural upwelling
cycles and sustain the beginning of the marine food chain. In healthy marine ecosystems, algae grow and reproduce as
conditions permit, producing food, energy, and oxygen that support the rest of the food chain. As they and the organisms that
feed on them die, they become part of the sediment at the bottom. Decomposers such as bacteria then effectively recycle these
organisms back into the food chain. Then, as offshore winds blow across the ocean surface, surface water is displaced, allowing
cooler water to rise up from below. This water that rises to the surface as a result of upwelling is also rich in nutrients that
“fertilize” surface waters, triggering new algal blooms and supporting the growth and reproduction of the organisms that depend
on them. It is not surprising that good fishing grounds typically are found where upwelling is common.

Dead Zone

Fig. 3. Size and locations of the Mississippi River basin and Dead Zone.

3. Microalgae are primary producers (see Introduction for the definition of producer) in the Gulf of Mexico. What environmental
factors are necessary to sustain their growth? What do they produce in return?
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4. Draw a diagram that connects substrates and products of photosynthesis and cellular respiration (CO,, O,, H,O, etc.). Which
of these processes is (are) performed by microalgae? By aerobic bacteria?

5. Compare the algae in the Gulf of Mexico with terrestrial plants (for example, crop plants): Where and how do they each obtain
the nutrients they need to grow and reproduce?
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6. Scientists mapping the size of the algal blooms and Dead Zone have noticed a correlation between the amount of annual
rainfall and the size of the bloom. In 1988, a year of drought, the Dead Zone was relatively small, but in 1993, a year of
flooding on the Mississippi River, the Dead Zone was quite large. In 2014, the Dead Zone was larger than average: at 5,840
square miles, it was about the size of Connecticut. As described above, the freshwater boundary caused by Mississippi
freshwater runoff is one factor that contributes to Dead Zone formation. Refer to Figure 3. Can you provide another
hypothesis as to how and why the size of algal bloom might be affected by annual rainfall totals? Consider your answers to
the previous two questions in the context of the major economic activity in the Mississippi River basin: agriculture.

7. What types of measurements or experiments could you perform to explore your hypothesis?

8. The Atlantic hurricane season runs from June through November. What environmental occurrences/factors might contribute
to reoxygenation of the hypoxic layer and removal of the Dead Zone at the end of the summer?
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Post-Lab Assessment

On a recent exploratory mission, marine biologists discovered a large field of brown kelp in the Indian Ocean. Brown kelp typically
grows in cool oceans and has never been seen before living in warm ocean waters. Aside from its location, the marine biologists
also noticed that the green kelp indigenous to the area where they were conducting their research seemed to be growing less
densely than normal. In fact, they observed that the green kelp population had decreased by 50% since the biologists were there
two years before. The marine biologists took samples of the brown and green kelps back to the lab for analysis.

Claim: The brown kelp has developed unique characteristics that allow it to undergo photosynthesis in a variety of conditions and
it is outcompeting green kelp in the Indian Ocean.

Evidence: Back at the lab, the biologists performed tests to compare the brown and green kelps. They determined what
pigments each kelp uses for photosynthesis (graphs 1 and 2) and performed analyses to determine how well the kelps can
photosynthesize under different conditions such as temperature, light intensity, and light color (graphs 3, 4, and 5). The graphs
below show their results:

Graph 1. Absorption spectra of pigments in green kelp
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Graph 2. Absorption spectra of pigments in brown kelp
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Rate of photosynthesis

Rate of photosynthesis

Graph 3. Rate of photosynthesis at different temperatures
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Graph 4. Rate of photosynthesis at different distances from light source
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Explain: Do you agree with the claim that the marine biologists made regarding the brown kelp? Justify your answer using the

evidence in the graphs.
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Predict: Given what you know about each type of kelp, what would you expect the photosynthetic activity of each kelp to look
like under conditions when only red, blue, or green wavelengths of light are available?

Predict: How do you think the presence of brown kelp in the Indian Ocean may affect the ecosystem in that location? What
evidence do you currently have to support your claim?

Design: Describe what evidence you would need to collect in order to prove your claim. What would your next research
question be?
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