Phytoplankton in the Stratified Ocean: Who’s where and why?
Teacher’s guide to PowerPoint presentation
This guide includes some background information necessary to teach the lesson relating phytoplankton distribution, growth rates and ecology to ocean vertical and horizontal heterogeneity.  
Slide #1: Title

Slide #2:  This slide is to recap of the previous lesson on the importance of phytoplankton and their role in the food web, before going into where they live in the ocean and why. Primary production in the ocean is carried out by phytoplankton.  Because most of the ocean is dominated by these unicellular organisms, the vast majority of primary production is attributed to microscopic algae (the contribution of macroalgae to total marine production if fairly low).  They are equivalent to plants on land because they are the main producers, but because they are unicellular organisms, they are not true plants.  As the main producers, they are responsible for converting the energy of the sun into organic carbon (CO2 + H2O + SUN → Sugars + O2). Since the vast majority of the oceanic production is carried out by phytoplankton, these tiny organisms indeed fuel the entire pelagic food web (pelagic because we are referring to the food web that inhabits the water column as opposed to living on the bottom of the ocean).

Slide #3:  The Marine Planktonic Food Web.  This slide illustrates the position of phytoplankton at the base of the food web, and the connections with large and small zooplankton, as well as the eventual flow of carbon and energy to the higher trophic levels.

Slide #4:  The ocean water column.  Conditions are not the same from top to bottom in the ocean. Input of nutrients if greater close to land than far away, which leads to horizontal gradients in nutrients, going from high to low with distance from shore.  In addition, the stratification of the ocean leads to conditions changing with depth in the water column. Different species are adapted to these different conditions, and therefore are not all found at the same time in the same place.  Students can try guessing how light or nutrients change with water column depth, which is the topic of the next slide.

Slide #5:  The properties important to phytoplankton are, however, not really temperature or salinity (since they generally are adapted to the range present in the ocean), but to other factors that also change with depth in the ocean.  Light and nutrients vary with depth, and their profiles are drawn in the next few slides.

Slide #6:  Light decreases exponentially with depth. In this particular example, light reaches 1% of it’s irradiance at the surface at a depth of 40m – which is quite shallow and more representative of coastal conditions. 
Slide #7:  Nutrients (in this case nitrate which is the most available form of nitrogen in the ocean and often the limiting nutrient) are depleted near the surface because they are actively being used by growing phytoplankton.  As light decreases with depth, so does phytoplankton growth and grazing contributes to phytoplankton mortality.  Re-mineralization from grazing leads to increasing concentrations of nitrate. The concentration increases very rapidly below the 1% light level, since phytoplankton can no longer grow at such low light levels and the main process occurring at this depth is excretion from consumers such as zooplankton.  The reason that this difference persist over time is Ocean Stratification. If the ocean were constantly mixing than these differences would dissipate and we would have a straight line from top to bottom, despite the fact that nutrients are mainly consumed at the surface.  The more stratified the ocean, the more depleted in nutrients (for example the Subtropical Gyres, which are examples of oligotrophic areas)

Slide #8:  If we look at both profiles and how they vary with depth, we can see that all phytoplankton species are faced with a tradeoff. Nutrients or light? They need both to grow. Different species develop different adaptations to deal with these limitations. Some are really efficient at nutrient absorption – usually the small species such as cyanobacteria – and thus can live at the surface with high light and limited nitrate. Other species, like dinoflagellates, are able to swim down to deeper waters for nutrient absorption

Slide #9:  This classification is based mainly on the amount of nutrients available in these different ecosystems.  Coastal systems have both an influx of nutrients from rivers on land, as well as more mixing due to their proximity to the land mass.  Processes of upwelling  can be explained here, but that’s beyond the scope of this lecture

Slide #10:  This is a satellite image of Sea Surface Chlorophyll of the world ocean. With satellites today we have the ability to look at the ocean and, with certain calculations, estimate the amount of chlorophyll at the surface.  Because all primary producers have chlorophyll in them, when we measure chlorophyll we can get a sense of the amount of biomass (Mass of live organisms) of primary producers.  Note that in general the ocean has colors ranging from blue to black. The light blue/blue regions are near the coasts, which transition to purple and end in black, which correspond to the oligotrophic subtropical gyres.  Thus production here can be observed to decrease with distance from shore, a consequence of the nutrient availability in the surface ocean.

Slide #11:  Explained on slide

Slide #12:  Different groups of phytoplankton (most important ones), that will be explored during this lesson.
Slide #13:  Explanation of the activity to follow.

Slide #14:  This slide is designed to aid students in understanding how the measurement of a pigment (chlorophyll) can be used as a proxy for concentration or biomass of phytoplankton.  The relative distributions of human beings can be inferred from the distribution of lights, observed from satellite images.  In general, where there is more light we can say we will find more people.  The measurement of chlorophyll works in the same way, where chlorophyll emits lights of a certain wavelength that we can measure, and thus quantify the concentration and extrapolate to phytoplankton populations.

Slide #15:  Students can be asked before being show this slide, if they expect there to have been more lights in 1990 vs 2009. If they guess correctly (i.e. more in 2009) a discussion involving population growth can follow, as well as the mechanisms that lead to such rapid increases in population size. The concept will hopefully further be understood after the class activity.
Slide #16:  This slide shows the similarities in graph shape using cell concentration vs. Chlorophyll concentrations. The only that changes is the units used (and thus the absolute values).
Slide #17:  Final reminder of what will be covered in the activity. Further directions are included in the Phytoplankton Teacher Instructions.

Slide #18:  Students discuss results from different groups and conclude which phytoplankton grows the fastest. Hypotheses of how this relates to ecology and distributions of phytoplankton are encouraged.  Finally, these last three slides show the vertical and horizontal distributions of phytoplankton groups.  

The final discussion includes the question, what if the ocean changes? What if it becomes more stratified? Which groups will be most affected?
Slide #19:  Distribution of phytoplankton in the ocean’s oligotrophic regions

Slide #20:  Distribution of phytoplankton in the ocean’s coastal regions
