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   Experiments with the Aquatic Organism, Daphnia magna
   ====================================================
   
   One way that ecologists obtain information is through field
   experiments. Another is through experiments on model systems in the
   laboratory. During the next weeks you and your teammates will plan and
   carry out a laboratory experiment using a model wetland organism,
   Daphnia magna, sometimes called water flea.
   Learning Objective
   ------------------
   By the end of this unit you should be able to:
     1. 
       Design and carry out an experiment to explore a question or
       hypothesis concerning Daphnia population ecology.
     2. 
       Analyze data and draw conclusions from experiment.
     3. 
       Prepare experimental results and conclusions in the form of a
       scientific poster to be presented orally to your laboratory
       section.
   Schedules and Logistics
   -----------------------
   Beginning the week of October 13, you will work in a research team to
   develop a question, hypothesis, rationale, and general approach for an
   investigation using the model organism Daphnia. Depending on your
   plan, you may need to bring in materials for your experiment or
   request reagents from the Biocore staff ahead of time. You will
   present your research proposal in a Powerpoint presentation prior to
   setting up your experiment during the week of October 20. You will
   spend the next several weeks collecting data. The length of your
   experiment will depend on your question. Daphnia are live animals and
   therefore require daily care. Plan on splitting up your group’s
   responsibilities during this project so that the Daphnia remain well
   cared for during the span of your experiment. The final product for
   your experiment will be a scientific poster that you will present with
   your team to the lab section during the week of Nov. 10. Look in the
   Biocore Writing Manual for specifics on poster preparation and oral
   presentation of posters.
   Some Background on Daphnia
   --------------------------
   Start by observing and learning about these fascinating creatures.
   Daphnia are small swimming animals (zooplankton) that obtain energy by
   filtering water through their bodies and ingesting small algae and
   bacteria from the water. They are transparent; therefore, you will be
   able to observe the process of filtration, heartbeat, and excretion of
   waste. If they are well fed, their entire digestive tract will be
   green. They swim using powerful strokes of their antennae.
   Daphnia are crustaceans related to shrimp, and to another tiny common
   wetland creature called a copepod. Daphnia are abundant in most bodies
   of standing fresh water, and they greatly affect the species
   composition of their community, the phytoplankton (their food) as well
   as the invertebrates and fish (their predators). Extensive studies of
   these relationships have been carried out in Lake Mendota. In fact,
   Edward Birge, for whom Birge Hall is named, was keenly interested in
   Lake Mendota Daphnia. His experiments studying their migration laid
   the foundation for a new field of science in America –called
   Limnology.
   Daphnia grow by molting an external shell-shaped structure called a
   carapace approximately every three days under optimal conditions. (In
   your experiment, do not confuse these empty carapace with dead Daphnia.)
   They can live as long as a month or two, but the vast majority are
   consumed long before that by fish and predatory insects. Daphnia
   undergo what is termed diel (or diurnal) vertical migration through
   the water column of a lake. They forage on algae at the water surface
   during the night and migrate downward from 1-25 m during the day. This
   migration is not well understood but is thought to aid in the
   avoidance of predators and may be cued by light or a number of other
   factors including age and size of animals, food supply, day length,
   oxygen concentration, and turbulence (Balcer et al., 1984). The gender
   of a Daphnia is determined not by chromosomes but by chemical changes
   induced by environmental conditions. If conditions are good
   (uncrowded, sufficient food, long day length, relatively warm
   temperature), the population consists almost entirely of females that
   reproduce asexually by parthenogenesis. They produce diploid eggs that
   are released into their brood chamber (space between the body and the
   carapace) where they hatch into tiny females (Figure 2). These babies
   are released into the water during the mother's next molt.
   If environmental conditions change such as they do seasonally with
   cooling of lake water and shortened day length, the sexual cycle is
   induced. Diploid females produce diploid eggs, some of which develop
   into males. As changes in environment continue, females produce one or
   two haploid "resting" eggs that are fertilized by sperm from the
   males. The resulting zygote pass into the brood chamber, which becomes
   thickened and hardened into special resting eggs in the ephippium,
   Ephippia (pl.) and their enclosed eggs are very resistant to freezing
   and drying. (Many species of Daphnia overwinter in this way.) When
   conditions improve (increasing temperature, day length and/or oxygen
   concentration), they hatch into diploid females.
   Why, evolutionary speaking, would it be advantageous for an organism
   to reproduce asexually when conditions are ideal and sexually when
   they change?
   
   The Experimental System
   -----------------------
   You have available for your experiment a population of 1-3-day-old
   baby Daphnia, synthetic hard water (see Appendix Table 1.), a
   suspension of the green algae (Selenastrum capricornutum) that Daphnia
   eat, and any material you choose to bring in or ask the Biocore staff
   ahead of time to prepare. The "normal" growth conditions will be to
   place 4 Daphnia and 40 ml of synthetic hard water in a 50 ml beaker
   and keep them at 22-25C under lights that are set to 16 hours of
   light/ 8 hours of dark per day.
   Several methods for assaying results are possible. You can measure the
   survivorship of Daphnia after they have been exposed to some condition
   or treatment for 24 or more hours. You can also measure the effect of
   some condition or treatment on their reproductive rate. (Starting with
   3day female Daphnia you can expect offspring at about day 8. It may
   take longer to observe the onset of a sexual life cycle.)
   Alternatively, you can observe their ability to move or their heart
   rate after some treatment or the appearance of their gut 48 hours
   after some treatment (to determine whether they have been eating).
   Regardless of what you measure, we suggest you take data on several
   dependent variables.
      
   Some Ideas Concerning Possible Experiments
   ------------------------------------------
   Talk with your teammates about factors, such as population density or
   food availability or predation (which could be simulated), which might
   affect reproductive rates. Come up with a question or hypothesis you
   would like to explore. Think about conditions that may promote or
   limit the growth or reproduction of Daphnia and/or their food source,
   algae. Alternatively, you might want to use Daphnia to test the
   toxicity of the water in the marsh or of chemicals that might end up
   there at some time of year.
   Procedure Work in teams of 4.
   -----------------------------
   Think of your experiment as a pilot study for a larger investigation;
   keep it SIMPLE and straight-forward. In planning your experiment you
   need to keep in mind that we have a constraint on
   resources: each team is allowed up to 15 experimental or control
   points (i.e., no more than 15 Daphnia-containing beakers unless you
   have instructor consent). It is usually a good idea to test a range of
   concentrations or conditions, particularly if you do not know the ones
   to expect to induce an effect. (See the section below concerning
   serial dilutions.) Remember to include replicates and controls.
   (Review these ideas in the Experimental Design and Data Analysis
   section of the Biocore Writing Manual.) When we first undertook this
   project, we found a great deal of variability among "identical"
   treatments. This means that replicates are very important.
   For the "normal" condition, place 40 ml of synthetic hard water, 0.4
   ml of well-resuspended algae (see Appendix), and anything else your
   experiment calls for in each 50 ml plastic beaker. When it is time to
   add the 4 juvenile Daphnia, transfer them very gently with a plastic
   transfer pipette. Keep in mind that it is stressful to Daphnia to not
   be freely suspended in water. Over handling (with pipettes) and
   prolonged isolation in a small amount of water (for microscopic
   observation) can affect the Daphnia’s survivorship. If you are doing
   an experiment comparing population densities, you will use different
   numbers of Daphnia. (In this case, you will need to adjust the volume
   of marsh water in the beaker if any of the Daphnia die, in order to
   keep the density constant.) Label each beaker with a small piece of
   tape, put all of your beakers in a tray labeled with your names and
   lab section, and place your tray under the lights in Room 334 in the
   spot indicated for your section.
   Someone from your team needs to come in and feed the Daphnia every day
   (and perhaps count the number of survivors - this depends on your
   experiment). For feeding, add 0.1 ml of well-resuspended algae to each
   beaker (except if you are altering feeding rate). Store your team’s
   algae in the cold-room in between feedings. Decide among your team who
   will do these tasks and write this down! Keep a log of who has done
   what right next to your tray.
   Concentrations and Serial Dilutions
   -----------------------------------
   If you are planning to do toxicity tests, it is desirable to test
   concentrations of substances that reflect the concentrations that
   might reasonably be found in a marsh such as University Bay Marsh.
   Finding this out will take some research on your part and also some
   common sense estimating. If you are not successful in estimating a
   realistic concentration, test a range of concentrations up to 100
   parts per million final concentration in your beaker of marsh water.
   (Other ways of expressing 100 parts per million are 100 mg/l or 0.1
   g/l.) Most toxic substances show their effects well below this.
   Make the stock bottle of your test substance 100 X as concentrated as
   the highest concentration you wish to use and then add 0.4 ml of this
   to your 40 ml of marsh water. (The final volume will be 40.4 ml, not
   40.0 ml, but we are not going to be concerned with a 1% difference.)
   Then make a serial dilution series from your stock bottle for testing
   other concentrations.
   Serial dilution consists of diluting the stock solution and then using
   the diluted solution to make the next dilution (e.g., first dilute by
   1/2 and then dilute the 1/2 dilution a further 1/2, giving you 1/4
   dilution, and so on). Serial dilution series can go in steps of 1/2,
   as in the example just given, or in steps of 1/10. In this way you can
   produce a wide range of concentrations. Since you need only 0.4 ml per
   test beaker (remember to include replicates and to change the
   medium/test substance every 2 days if your experiment calls for it),
   you probably will not need more than 20 ml of each concentration.
   This does not apply if you are using something insoluble like
   sediment. In this case, simply add different volumes of the material.
   Evening and Weekend Access
   --------------------------
   The Daphnia experiments will be set up in 334 Noland that has key box
   access. When you are issued a blue after hours pass we will give you
   the outside key code for the west door (ramp nearest Zoology Research
   and Charter Street) and the key code for the lock box on room 334.
   Assignments and Schedule
   ------------------------
     * 
       A DRAFT statement of your experimental design including question,
       rationale, hypothesis, general approach, requested materials and
       experiment schedule is due at the end of lab the week of October
       15 (one/team). Final statements, materials list and schedule are
       due after the Powerpoint feedback session the following week of
       Oct. 22.
     * 
       Research proposal Powerpoint feedback session to share with the
       class during the week of Oct. 22. See the components of a research
       proposal below, emphasized in italics. You will be presenting your
       proposed research as a group to the rest of the class. You may use
       the blackboard for graphs but think about estimated numbers in
       addition to trends. This is an informal presentation meant to help
       you refine your experiment. Be prepared for in depth, open
       discussion and critique of your experiment. You are also expected
       to ask questions and comment on other group’s experiments as you
       will benefit from thinking about the process of science integral
       to all projects.
     * 
       A written research proposal is due for peer review 48h prior to
       discussion the week of Oct. 29. Your final research proposal is
       due 48h after discussion, that same week. Your paper should be no
       more than 4 pages in length including figure(s). A proposal is
       similar to a scientific paper including an introduction (question,
       background, biological rationale, hypothesis), methods, expected
       results (including a figure illustrating predicted results
       completed with estimated numbers). Follow guidelines for writing
       research proposals outlined in the Biocore Writing Manual. Given
       that you do not yet know the results, use your hypothesis to
       discuss the relevance of the predicted trend. In addition, you
       should be able to discuss alternative results such as the ‘no
       difference result’ or a trend opposite to your prediction. You do
       not need to write an abstract. You should use at least 1 (one)
       primary research paper in your proposal.
     * 
       Poster: Your group will finish data collection and analysis, and
       complete your outline for a poster over the following two weeks.
       See the Biocore Writing Manual for poster guidelines. Our poster
       session will take place during the week of Nov. 12.
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   ----------
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   Appendix:
   ---------
   Table 1. Synthetic Hard Water (SHW) Daphnia magna growth medium
   Component
   Final Conc. in mg/L
   Final Conc. mM
   NaHCO3
   192
   2.2
   MgSO4
   120
   1.0
   KCl
   8
   0.1
   CaSO4.2H2O
   120
   0.6
   Table 2. Selenastrum capricorntum Medium and Food (Kilham et al.,
   1998)
   Major Components
   Final conc
   in g/l
   Final conc mM
   The alga provided to feed Daphnia is a green algae species called
   Selanastrum capicornutum at a concentration of 5 x 107 cells/ml.
   CaCl2.2H2O
   0.074
   0.427
   MgSO4.7H2O
   0.074
   0.301
   K2HPO4
   0.017
   0.100
   NaNO3
   0.170
   2.000
   NaHCO3
   0.025
   0.300
   Na2SiO3.9H2O
   0.049
   0.172
   H3BO3
   0.048
   0.777
   Algae Trace Compounds
   Final conc
   in mg/l
   MnCl2.4H2O
   0.720
   3.636
   CuSO4.5H2O
   0.004
   0.016
   ZnSO4.7H2O
   0.088
   0.306
   CoCl2.6H2O
   0.040
   0.168
   NaMoO4.2H2O
   0.088
   0.364
   H2SeO3
   0.006
   0.050
   Na3VO4
   0.007
   0.039
   Na2EDTA.2H2O
   17.440
   46.882
   FeCl3.6H2O
   4.000
   14.815
   Animal Trace Compounds
   LiCl
   0.620
   14.623
   RbCl
   0.140
   1.157
   SrCl2.6H2O
   0.300
   1.124
   NaBr
   0.032
   0.311
   KI
   0.007
   0.040
   Biotin
   0.001
   B12
   0.001
   Thiamine
   0.200
   Author: Janet Batzli, Seth McGee and Ann Burgess
   
   Biocore 302, Fall 2008
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