BIO 362 Lab
Plankton


Pre-lab Assignment – Plankton
Name: __________________________________
850_____________________________

Date: ______________________________________

All pre-labs need to be completed prior to coming to lab.  You will hand these in to your TA before class.  If you don’t complete the pre-lab assignment then you will NOT be allowed to participate that week's lab/field trip and you will receive a zero grade for that particular lab.  

Please provide brief answers or calculations to the following questions in the space provided.  

1. What are the two major shapes of diatoms you will observe in prepared slides in this lab? Which of the forms do you think you are more likely to observe in the plankton tow samples? Why?
2. What is the primary diet of copepods? 
3. What are the two main larval stages of a barnacle, and in what developmental order do they occur?
4. How do you carry a microscope? What is the difference between course and fine focus, and when (i.e., with which objective) do you use each one?

5. What two components of diversity does the Shannon-Weiner index measure? Explain how they are different.

6. What is your main learning goal when completing this lab?
Plankton – Background

Phytoplankton
Photosynthetic marine organisms, as the primary producers of the marine ecosystem, are the first link in the marine food web. They convert solar energy to an energy form usable by themselves and, in turn, by other marine consumers. Their importance to the biological economy of the sea cannot be overstressed. The most significant contribution to the primary productivity of the world oceans does not come from the obvious macroscopic attached plants that occupy the fringes of the continental masses. Rather, it is the microscopic, free-floating forms, collectively called phytoplankton, that are the dominant primary producers. 

Marine phytoplankton include representatives from several classes. Among the most common and important phytoplankton are the diatoms and the dinoflagellates (Dinophyceae) in the microplankton (20 – 200 μm) size range, and coccoid cyanobacteria in the picoplankton (0.2 – 2.0 μm) size range. Small nanoflagellates (2 – 20 μm) can play an important role in tropical and subtropical oceans and in temperate oceans during summer stratification. Each group of phytoplankton exhibits characteristic colors, depending on its relative abundance of the major groups of photosynthetic pigments: green chlorophylls, yellow carotenes, or pink or blue phycobilins. The relative abundance of phytoplankton groups varies seasonally and geographically, so representatives of all groups are seldom found in the same plankton sample. 

A. Cyanobacteria (Blue-Green Algae) 

Members of this group are extremely small and are not easily collected with standard plankton nets. They are usually studied and counted by filtration onto black polycarbonate filters of 25 mm diameter and with a pore size of 0.2 μm. These filters are placed on a microscope slide, covered with fluorescent-free immersion oil, and studied under blue or green light excitation on an epifluorescence microscope at maximum magnification (1000× to 1200×). Their relative contribution to the total primary productivity of marine communities may be of considerable importance – an importance overlooked for a long time because of their very small size. It was only in 1979 that the ubiquitous abundance of the coccoid cyanobacterium Synechococcus (0.8 – 1.5 μm) was realized, and the even smaller (0.5 μm) Prochlorococcus was only discovered in 1989. 

Cyanobacteria are prokaryotic, with few cellular features visible with light microscopes. They may occur singly or form simple linear chains of cells. They contain chlorophyll a, carotenoids, and phycobilin pigments. Living cyanobacteria taken from natural ocean water samples are difficult to observe with light microscopes, so you will be provided with prepared slides of some representative species for observation of general characteristics. Many species possess the capability of nitrogen (N2) fixation. Nitrogen fixation is a high-energy process, and the responsible enzyme (nitrogenase) is highly oxygen-sensitive. To spatially separate oxygen production by photosynthesis and N2 fixation by nitrogenase, nitrogen fixation in filamentous cyanobacteria is often located in special, thick-walled cells called heterocysts. Heterocysts are sometimes not only distinguished by their thick cell wall, but also by their larger size as compared to the vegetative cells of the filament. 

B. Diatoms (Bacillariophyceae) 

The diatoms are the most important planktonic primary producers in the ocean. They contain the chlorophyll pigments a and c and a wide variety of carotenoids, particularly fucoxanthin. As a consequence, diatoms often appear brown. Diatoms are usually single celled but frequently occur in chains of cells. The cell shape of the different species varies greatly, but some generalizations can be made. Diatom cell shape follows one of two basic forms, centric or pennate. Centric diatoms exhibit some form of radial symmetry and are most commonly found as members of the phytoplankton. Pennate types are bilaterally symmetrical and have a structure called a raphe that is used for a simple gliding form of locomotion. Pennate diatoms are often found on solid substrates, such as rocks, animals, or larger algae. 

Both types of diatoms have an external cell wall, or frustule, composed of SiO2 (silicon dioxide). The frustule is usually in two parts, with a slightly larger epitheca fitting snugly over the hypotheca. The cell contents are contained completely within the silicate frustule. Most diatoms exhibit fine lines, or striae, on the frustule surface. These striae are actually rows of very small pores. Exchange across the cell wall occurs through these pores. During the class, you will be able to observe both live diatoms (or preserved material containing diatoms with cell contents in their frustules) and so-called frustule preparations, in which the organic cell content was digested for clarity of frustule structures. Some delicate diatom frustules are often used to test the quality of microscope optics, i.e., whether the microscope can resolve the fine striae or not. Upon your studies, distinguish pennate from centric forms and pay particular attention to striae and other frustule structures (spines, pores, raphe). 

C. Dinoflagellates (Dinophyceae) 

The Dinophyceae are predominantly marine and are second only to the diatoms in importance as marine primary producers. They contain pigments similar to those of diatoms and mostly appear brown. Many dinoflagellates are noticeably luminescent and glow in the wake of a boat and in breaking waves. Roughly half the dinoflagellates are strictly heterotrophic and lack chlorophyll. Of the chlorophyll-containing species, a high number exhibits mixotrophy, i.e. they perform photosynthesis and are able to feed on bacteria or other phytoplankton. 
Dinoflagellates usually have a cellulose cell wall, perforated by many pores. Most forms have an equatorial groove that contains a transverse (or ribbon) flagellum. This groove separates the dinophyte's cellulose cell wall into two portions, the epicone and hypocone. Spines, wings, and horns may decorate the cell wall. Another groove perpendicular to the equatorial groove contains a longitudinal flagellum. Together the transverse and longitudinal flagella provide motility.

Zooplankton 
Zooplankton are the animal members of the marine planktonic community. They range in size from microscopic protozoans to gelatinous colonies over 10 m long. Most zooplankton occupy the second or third trophic level of the marine food web. As such, these herbivores and small carnivores play an exceptionally important role in marine food webs. The minute size of phytoplankton dictates that marine grazers are also very small. Therefore, many steps or links in marine food webs are necessary to support large marine carnivores such as fish. 

Laboratory studies of zooplankton samples offer an opportunity to study the tremendous diversity found in plankton communities. Among the metazoan zooplankton, two major groups can be distinguished: the holoplankton, forms that spend their entire life cycle in the plankton; and the meroplankton, forms that spend only part of their life cycle in the plankton, usually larval forms of benthic or nektonic adults. Meroplankton are usually more abundant in coastal areas because of the vicinity of the benthic realm. 

[image: image1.emf]Holoplankton 

[image: image2.emf]By far the most important metazoan holoplankton in marine systems are the copepods, a group of small crustaceans. They are usually most abundant. Most copepods of epipelagic systems can directly graze on at least the larger phytoplankton (down to a size of approximately 15 μm) but do not exclude similarly sized protozoans from their diet. In this sense, they function primarily as herbivores, although protozoan diet makes them omnivores in a strict sense. Almost any zooplankton net tow from almost all marine planktonic communities contains numerous copepods. Very often you will also encounter the larval stages of copepods: the nauplii (singular: nauplius), the first larval stage of copepods; and the copepodites, a later larval stage that already resembles the adult copepods. Copepods usually have 5-6 copepodit stages before their mold to adults. Remember: Although meroplankton is often also termed “larval plankton”, the nauplii and copepodits of copepods do not belong to the meroplankton but to the holoplankton. 

Jellyfish are another major component of the holoplankton, although they are usually poorly preserved in net tows. Jellyfish exhibit a pronounced seasonality in their occurrence, and depending on the season you might find numerous to no jellyfish in your samples. Whereas jellyfish are single organisms, the siphonophores are colonies of individuals that appear as “jellyfish” on first sight. A common siphonophore in the subtropical is the Portuguese-Man-of-War (Physalia physalis). Their long tentacles contain nematocysts with a very potent toxin; skin contact with this species usually requires a physician and cortisol treatment. It should be noted that some of the jellyfish belong actually to the meroplankton because they represent a pelagic life stage of benthic polyps such as sea anemones. These larval jellyfish are usually much smaller than the truly pelagic species. Other gelatinous zooplankton such as salps and appendicularians are more common in open ocean systems. 
Other holoplanktonic groups you may encounter in your samples are the arrow worms (Chaetognatha), slim and long raptorial feeders of the plankton, and rotifers, which occur more abundantly in coastal areas and estuaries. Chaetognaths are exclusively marine organisms, whereas rotifers are more abundant and important in lake plankton.

Meroplankton 

Some benthic marine invertebrates have no free-swimming larvae, but the majority (70%) releases eggs into the water, which hatch into planktonic larvae. The time these larvae spend in the pelagic realm can vary between few minutes to several months. During this time, the planktonic larvae participate in the food web of the planktonic community, and in some areas and during certain times, planktonic larvae can present a major and important part of planktonic consumers.  

Depending on the time and site of sampling, various invertebrate larvae can be encountered in your samples. Often, these larvae to not resemble their adult stages, and metamorphosis in invertebrate larvae can be quite amazing. Sea urchin and starfish larvae, for example, do not even possess the radial symmetry of their adult stages; the metamorphosis of these pluteus larvae into adult sea urchins or starfish presents one of the most complex cases of metamorphosis, both morphologically as well as anatomically. Fig. 2 depicts a selection of most common invertebrate larvae. Which larvae occur in your samples will depend on the benthic communities near your sample site and the spawning cycles of these species. 

Lab Work 

1. Study of representative specimens of plankton groups 

You will use the provided microscope slides and plankton samples to study the diversity of both phyto- and zooplankton and to prepare detailed drawings of representatives of the different groups of phytoplankton.  
Although photography has replaced a good deal of hand-drawing these days (particularly since the introduction of digital photography), the old law of microscopy still applies today: You only have really seen what you have drawn! Drawing enhances the quality of your observations and deepens your acquaintance with the specimens. Also remember that this exercise is not a sketch-race; good quality documentations take their time, and fewer good documentations are worth more than a lot of poor sketches.  Try to put effort and patience into your drawings and document as many details as you can observe. Refer to Fig. 3 as an example for a good (Fig. 3a) and a poor (Fig. 3b) documentation.

Using the samples provided, make detailed sketches of the following organisms:

· Diatom

· Dinoflagellate

· Foraminifera* or Radiolarian*
· Chaetognath

· Calanoid copepod 
· Cyclopoid copepod
· Echinoid pluteus larva

· Seastar bipinnaria larva
· Barnacle Nauplius larva
· Crustacean zoea larva
· Crustacean megalopa larva*

· Bivalve trochophore larva
· Bivalve veliger larva*

· Nemertean pilidium larva*

· Ostracod*
· Fish larva

*Observe Only
You will be responsible for identifying all of these specimens in the future, but drawings are not required for those marked with an asterisk.

Assignment:

Prepare drawings of the observed specimens on white paper using a soft pencil. Use as high microscope magnification as needed to access cellular structures of your specimen and prepare a detailed drawing of one representative, well-preserved specimen. Provide~ ¼ of a letter sized page for each drawing and try to document as much structure and characteristics as you can observe. Some preparations are better than others; if you feel your slide is of too poor quality for appropriate observations, contact your instructor for advice. Next to the drawing, include the species name (given on the slide label), the systematic group this species belongs to, and some features that characterize this species, distinguishes it from others, and that are characteristic for the group this species belongs to. Remember that any drawing without correct and detailed annotations is worth nothing!
Hand in your labeled sketches; this will comprise your lab grade for this class meeting.
2. Analysis of plankton community structure

After having studied your plankton samples and the permanent slides, you should be acquainted with the most important groups and species. Use this knowledge to assess the plankton community composition in the net samples from your trawl.  
Use the plastic Pasteur pipette to fill the bottom of a plastic petri dish with sample and study your sample under the stereomicroscope at different magnifications. After you have studied your specimens under the compound microscope in detail, you should be able to recognize the different taxa even under low magnification on the stereomicroscope. Prepare a list of the taxa you can differentiate and recognize and the count number of individuals in each taxon. Group your list of taxa according to the major classes of plankton (green algae, diatoms, dinoflagellates, copepod, zoea, and so forth).   Once you have surveyed your entire sample, add your results to the class results on the board.  You will use these data to calculate the diversity of the class sample.
Calculating the Shannon-Wiener Diversity Index
Diversity is comprised of two elements. First there is the total number of types of groups in the set (richness). Then there is the relative abundance of each group (evenness). The Shannon-Wiener index (H’) and the antilogarithm of H’ (exp H’) takes both these facets of diversity and combines them into one measure for each sample, by weighting the abundance of a group as well as its presence in the sample. A rare group will make a smaller contribution than a common group to the index. The formula is as follows

H’ =∑ pi/pT*ln(pi/pT)

where H’ is the Shannon-Wiener Diversity index, pi is the number of individual of species i, pT is the total number of individuals of all species, and ln is the natural logarithm (log base e). The summation is taken over all species, i = 1, 2, … S.

Example:

Table 1.0. Counts of epifauna in a sub-sample (in your data you will classify to lower organizational levels)

Number in sample

 Relative abundance

Tunicate
 8 

8/16 = 0.50

Caprellid
 4 

4/16 = 0.25

Gammarid
 2 

2/16 = 0.125

Bryozoan
 2 

2/16 = 0.125

Total 

16 

1.00

Using these data, the Shannon-Wiener Index is calculated as follows:

H’ = - [0.50 ln(0.50) + 0.25 ln(0.25) + 0.125 ln(0.125) + 0.125 ln(0.125)]= 1.21

Note:  Groups that are absent from a sample are not used in the calculation. Example: if

there were no Gastrotrichs in the sample, calculate H’ based on a total sample that

includes  Nematodes, Copepods, and Polychaetes.
When the Shannon-Wiener Index is expressed as the inverse logarithm

e(H’)      (in excel use =exp(H’))

it has the following useful properties:

-It can range from 1 to the species richness (S).

-It is equal to species richness if all species are equally represented.

-For our example above: e 1.21 = 3.36

Sketching plankton
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Fig. 3: Examples of poor (upper panel, a.) and good (lower panel, b.) documentation of phytoplankton cells upon observation by compound light microscopy (drawings taken from unnamed students’ lab reports). 

Fig. 1: Copepoda – from left to right: male adult, female adult, nauplius larva. © Mike Morgan





Fig. 2: Common planktonic larvae in the meroplankton. (a) veliger larva of mollusks (snails and shellfish); (b) trochophora larva of polychaetes (brittle worms) (c) older larva of polychaetes, segments are added to the tail end of the larva until they reach a length at which they settle to the bottom; (d) bipinnaria larva of starfish; (e) pluteus larva of sea urchins; (f) nauplius larva of barnacles; (g) cypris larva of barnacles, a stage that follows the nauplius stage; (h) zoëa larva of crabs; (i) megalopa larva of crabs, that develop from the zoëa larvae and start to resemble the adult crab. 











