Introduction to life in the pelagic ocean

Primary production, phytoplankton and zooplankton
Teacher’s guide to PowerPoint presentation
This guide includes some background information (as well as references) necessary to teach the lesson focusing on primary production and phytoplankton species. A detailed guide explaining the contents of each individual slide in included, with some background information pertaining to the topic included as well.  Students should be encouraged to take notes during lecture (especially the characteristics of the different phytoplankton groups), so they are prepared to do the laboratory activity.  
Slide #1:  Title
Slide #2:   The class begins by revisiting the concepts of primary producers and photosynthesis (what are the reactants and what are the products?).  Land and ocean are compared so that students can relate their knowledge of land plants (terrestrial producers) to the microscopic ‘plants’ (phytoplankton, marine producers) of the ocean. A discussion of how much production is carried out on land vs. the ocean can be carried out, so students can relate the concepts of rates (how fast production happens), and areal extent (over how much of the earth does this type of production happen) to arrive to their own conclusions on this question, before continuing on to the actual answer.
Slide #3:  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.  In the image here, the color coding indicates how much primary production occurs in these different areas of land and the ocean.  For example, the tropical areas (e.g. the Amazons) have very bright red and yellow colors, a product of the very fast growth characteristic of tropical rainforests.  The ocean, however, has mostly dark purple and black colors, which means that compared to some areas of land it has relatively low production.  However, because the ocean covers 70% of the earth’s surface, overall land and ocean have very similar total annual productions.

Slide #4:  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 #5:  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 #6:  The marine trophic pyramid.  Energy flows from the lower trophic levels to the higher trophic levels.  Because organisms not only grow but also respire, a part of energy is lost at every step of the food chain, so that the production decreases with each trophic step, which can be seen here in the form of an energy pyramid.
Slide #7:  There are many different types of phytoplankton.  There are species that belong to the more primitive prokaryotes and others that belong to the same group human beings do, the eukaryotes.  Two very important groups of phytoplankton are prokaryotic (if students are not familiar with this taxonomic distinction, some background may have to be covered, although it is not crucial to the lecture), Synechococcus and Prochlorococcus, and are very abundant in the entire ocean.  These are also called cyanobacteria, and are the smallest phytoplankton we know. They are around 1μm, and although larger than other marine bacteria, on the small end of the planktonic size spectrum.

Slide #8:  The Prokaryotic phytoplankton. Synechococcus: They are one species of Cyanobacteria, they contain the unique pigment of phycoerythrin. This allows the detection of Synechococcus by measuring the wavelengths specific to phycoerythrin, in the same manner that we use chlorophyll to detect and measure all plants in general.  It is very useful when a species has unique characteristics of this type, since detecting and measuring their quantities with fast measurements such as these based on light, is much cheaper and less time consuming, and allows for the fast processing of data. Synechococcus is a significant contributor to primary production worldwide, with a relatively greater role in oligotrophic areas (areas that are very nutrient limited and thus have a smaller biomass of organisms living within them), where the large phytoplankton are virtually absent. They are very small, ranging from 0.8 to 1.5μm, and they live in either solitary form or in pairs.

Slide #9:  The Prokaryotic phytoplankton.  Prochlorococcus: Constituting the other ecologically important group of cyanobacteria, these organisms are also significant in the warm, oligotrophic areas of the world.  Unlike Synechococcus, they don’t contain phycoerithrin, but instead have divinyl derivatives of chlorophyll a and b. They are the smallest known photosynthetic organisms, with sizes ranging from 0.5 to 0.8 μm.
Slide #10:  Eukaryotic phytoplankton.  The larger members of this group are in the size range of what is observable with regular high school classroom microscopes.  Most phytoplankton and all zooplankton belong to the taxonomic group of Eukaryotes (if students are not familiar with this taxonomic distinction, some background may have to be covered, although it is not crucial to the lecture).  Diatoms are one of the most important groups of phytoplankton.  They live either solitary or can form very long chains of up to millimeters.  The cell size ranges from a few up to hundreds of μm.  A unique characteristic of this group is the presence of a silica frustule (or shell).
Slide #11:  This silica frustule can come in many different shapes and have lots of different patterns. Some of these are exemplified in the figure here.  The presence of spines is a common feature of diatoms as well.  Spines are thought to serve a couple of functions, mainly as a deterrent against predators and as drag enhancers.  Silica is also an abundant element which is why these frustules are relative cheap to produce.
Slide #12:  Because the frustules can take so many shapes, the morphology (or shape) of the cells are also very different.  This figure shows some examples of this.
Slide #13:  Dinoflagellates:  Along with diatoms, these constitute the bulk of what is considered ‘large phytoplankton’.  They vary a lot in size (5-50 μm), and are responsible for the formation of Red Tides.  Red Tides are blooms of phytoplankton and happen when concentrations in the water get really high, which can lead to a change in water coloration, usually to a red-brownish color.  Red tides are only sometimes harmful, and these toxic red tides are called Harmful Algal Blooms (or HABs).  
Dinoflagellates are motile (they can swim) and they do so by using two flagella. They have one longitudinal and one transversal flagella; the beating of these two leads them to swim with a somewhat corkscrew movement (so by observing if and how a phytoplankter swims you can get clues to its identity).  Motility can be useful for many reasons; two main ones are predator avoidance and repositioning in the water column (we’ll talk more in the next lecture about different light and nutrient conditions in the water column).  Dinoflagellates can be naked (no shell) or thecate (with shells).
Slide #14:  Some pictures of dinoflagellates, black and white are electron micrograph and show a higher level of detail of their theca (or shell).

Slide #15:  Coccolithophores. These are typically much smaller than diatoms and dinoflagellates but still ecologically very important.  They have tests (shells) made of CaC03, which are composed of multiple ‘coccoliths’.  These are highly reflective (they act as tiny little mirrors), which is why when these organisms form blooms over the North Atlantic these are visible from Satellite images.  Emiliana huyleyi is very abundant and the most well known of this group of phytoplankton. 

Slide #16:  Images if Coccolithophores. Top left is E. huxleyi, bottom left is a bloom of the same species.

Slide #17:  Satellite images of a bloom of E. huxleyi in the North Atlantic.

Slide #18:  Flagellates. Last group of phytoplankton to be covered. This group is not really a taxonomic group, but includes all phytoplankton with flagella, usually with just one. Typically small, on the order of (5-15 μm). Images here include one where the chloroplasts (where chlorophyll is kept) are very clear.
Slide #19:  In order to introduce zooplankton, this slide reminds students of the relationship between zooplankton and phytoplankton, and the connection with higher trophic levels.

Slide #20:  Zooplankton. These are the other type of plankton, and are ‘animal’ like plankton.  They are heterotrophs, and thus primary or secondary consumers. They come in many different shapes and sizes. They are usually microscopic but some get to be really large, e.g. jellies.  The link on the powerpoint leads to a webpage showing divers with large jellies in Japan (This link has to be ripped for showing in the classroom, unless you’re settings are not blocked against online videos).  Zooplankton are very important because they are the main link between primary producers and other organisms like fish, whales and birds.  If it weren’t for zooplankton, the energy harvested by primary producers – because phytoplankton is so small – would be virtually unavailable to all larger organisms.  No fish to eat or whales to watch!
Slide #21:  Zooplankton are divided into Micro- and Meso- zooplankton. Microzooplankton are really small, microscopic zooplankton.  They are usually unicellular protozoans, and exhibit a high level of diversity. The names of three important groups of microzooplankton, although just a small subset of the total and by no means the most important, are listed on the slide: Ciliates, Radiolarians and Foraminifera.
Slide #22:  Images of different types of microzooplankton.  Top left, oligotrich ciliate. These are among the most abundant free swimming ciliates in the water column. Top middle, a tintinnid.  These organisms are essentially ciliates with a lorica (or shell). The similarities with the ciliate to the left can be clearly seen.  The top and bottom image to the right correspond to Noctiluca, a heterotrophic dinoflagellate (Heterotrophic dinoflagellates, despite being an important group of microzooplankton, have not been specifically listed in the microzooplankton slide to avoid confusion with the autotrophic dinoflagellates).  Bottom middle, a group of three radiolarians, on a background of nitex mesh. Bottom left, a foraminifera specimen. 

Slide #23:  Mesozooplankton. These are the ‘large’ zooplankton.  Any zooplankton larger than 200 μm falls into this group.  These organisms are metazoans (multicellular animals) and constitute the main link to larger organisms.  Fish, birds and whales prey on zooplankton.  There are many types of zooplankton; the two main groups are copepods and euphausiids (also known as krill).  Amphipods follow in importance, although they are numerically much less abundant.  Copepods and krill are the main diet of baleen whales such as humpback, grey and blue whales.  In order to meet their dietary needs, these very large animals must strain tons of water in order to obtain the few metric tons of krill and/or copepods necessary for their diet. (There are also many videos online showing whales feeding on krill, which students find very fascinating).
Slide #24:  This slide shows pictures of a few zooplankters.  Top left has the Plankton character from “Sponge Bob Squarepants”.  This character was modeled after a copepod, which is shown in the top middle panel (Plankton’s one eye corresponds to the red dot on the head of the real copepod, which is a non-image forming eye).  Top right shows an amphipod: the large structure that looks like its head at the top is actually the eye.  Bottom right shows the euphausiid E. pacifica, the most abundant species of krill off of California waters.  And bottom left shows an example of the pelagic annelid, Tomopteris.  Students may note that all these organisms are transparent, which is indicative of their habitat, the water column.  The reason for transparency is camouflage, since there are no structures into which to hide, the best strategy is to try to blend in with water itself.
Slide #25:  The slide outlines the activities to be done in the lab practice (which depending on the length of the period can be done after lecture or the following day).  The lab consists of microscope observations of different groups of phytoplankton.  Students must attempt to act like scientists, and observe and annotate characteristics from each phytoplankter, in order to figure out to which group these belong to.  Scientists monitoring HABs do this on a daily basis, taking samples of the coast and monitoring what groups are present and in what quantities.  In addition, students must ‘think like a phytoplankton’ and speculate on the reasons they have the characteristics observed.  Do they swim? How do they swim? Do they have a shell? Spines? Are they large or small?, etc.  Finally, students will observe a zooplankton on a dissecting scope (See teacher’s guide to Laboratory Teacher Instructions for the details of the lab), draw one and annotate some unique characteristic as well.
