Unit Plankton Ecology
Subject(s)/Topic Area(s): Earth sciences, Biology and Marine Science
Designed By: Moira Décima
Step 1: Identify Desired Results

	What overarching understandings are desired?
	What are the overarching “essential questions”?

	Most energy for life comes from the sun

Green plants have the ability to capture sun’s energy through a chemical process called photosynthesis.
About the same amount of photosynthesis occurs in the ocean as on land.

Plankton are organisms that cannot swim against the current, they are usually very small

The biomass of plankton is greater than for any other group of organisms

The main primary producers in the ocean are tiny phytoplankton

The ocean is layered, and different organisms live in different places: because of light and nutrients

Physical-biological interactions in the ocean
The main consumers of phytoplankton and trophic link to the higher predators are zooplankton

Phytoplankton grow by asexual reproduction

Population growth curve for exponential growth and saturation

The concepts of  biomass, rate, chlorophyll, food chain and food web
Different species of organisms grow at different rates

Chlorophyll can be easily measured and is used to estimate phytoplankton biomass

Grazing by Zooplankton makes energy harnessed by plants available to fish, whales and birds
Zooplankton are the main trophic link between primary producers and consumers

Human’s role in the ocean food web.
	What is plankton? What is a phytoplankton? What is a zooplankton?
How does carbon and energy cycle in the ocean?

How does this relate to the vertical structure of the ocean?

How is this system different from the terrestrial systems?

How important are these processes on a global scale?

Who’s responsible for photosynthesis in the ocean? How’s does this compare to a forest?

What trophic interactions characterize the pelagic ocean?

Why are zooplankton important?’
How do we humans play a role in the ocean food web?



	↓         ↑
	↓         ↑

	Which content area standards will be addressed?


	Which Investigation standards will be addressed?

	California Earth Science Standards 

4 b) Students know the fate of incoming solar radiation in terms of reflection, absorption, and photosynthesis.
5 d) Students know properties of ocean water, such as temperature and salinity, can be used to explain the layered structure of the oceans, the generation of horizontal and vertical ocean currents, and the geographic distribution of marine organisms.
7 a) Students know the carbon cycle of photosynthesis and respiration and the nitrogen cycle.
7 b) Students know the global carbon cycle: the different physical and chemical forms of carbon in the atmosphere, oceans, biomass, fossil fuels, and the movement of carbon among these reservoirs.
7 c) Students know the movement of matter among reservoirs is driven by Earth's internal and external sources of energy.
California Biology Standards 

1 f) Students know usable energy is captures from sunlight by chloroplasts and stored through the synthesis of sugar from carbon dioxide.

6 a) Students know biodiversity is the sum total of different kinds of organisms and is affected by alterations of habitats

6 c) Students know how fluctuations in population size in an ecosystem are determined by the relative rates of birth, immigration, emigration and death

6 f) Students know at each link in a food web some energy is stored in newly made structures but much energy is dissipated into the environment as heat.  This dissipation may be represented in an energy pyramid.
	California Investigation Standards Addressed

1 a) Select and use appropriate tools and technology (such as computer- inked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data.
1 b) Identify and communicate sources of unavoidable experimental error.
1 c) Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions.
1 d) Formulate explanations by using logic and evidence.
1 i) analyze the locations, sequences, or time intervals of natural phenomena (e.g., relative ages of rocks, locations of planets over time, and succession of species in an ecosystem).
1 j) recognize the issues of statistical variability and the need for controlled tests.


Step 2: Determine Acceptable Evidence

	What evidence will show that students understand the content? What evidence will show that students understand and can perform investigation skills? 
Performance Tasks, Projects, Quizzes, Formative and Summative Assessments

	1. Draw different phytoplankton organisms 
2. Draw a zooplankter

3. Annotate possible reasons for their morphology

4. Participate in class discussion on ecology and experimentation

5. Set up experiments properly
6. Collect data

7. Enter and plot data

8. Interpret growth curves

9. Answer quiz questions (Phytoplankton)

10. Answer quiz questions (zooplankton)

11. Class responses regarding observation and hypothesis
12. Lab reports


Step 3: Plan Learning Experiences and Instruction

	Prerequisites: what knowledge and skills are needed?



	Students will need to know…….

Basic vocabulary and concepts such as photosynthesis, carbon, energy, autotroph, primary production, secondary producers, trophic, food chain, population growth, elemental cycling, scientific method, salinity, nutrients, grazing, consumption


	Students will need to be able to……

Use scientific instruments
Use a microscope

Set up experiments

Construct a hypothesis

Collect, enter data and plot on excel.

Interpret a graph, fit an exponential equation



Adapted/formatted from Understanding by Design by Grant Wiggins and Jay McTighe

Lesson #1 (Day One): Introduction to life in the pelagic ocean: Plankton: phytoplankton and zooplankton
Instructional Time: Fifty minutes
Lesson Goals:
1. Students will understand that the marine pelagic system is very different from terrestrial systems: light and nutrients are distributed differently
2. Students will understand that half of the carbon fixed by the planet occurs in the ocean, by tiny microscopic organisms

3. Students will understand the diversity within the general group termed ‘phytoplankton’ and ‘zooplankton’
Lesson Objectives:
1. Students will discuss differences between the ocean and land, and the implied physical biological interactions
2. Students will discuss differences between ocean ‘plants’ and terrestrial plants

Lesson #2 (Day two): Phytoplankton: main characteristics and Ecology
Instructional Time: Fifty minutes
Lesson Objectives:
1. Students will observe and draw different phytoplankton morphologies

2. Students will observe and draw a zooplankter

3. Students will understand the diversity encompassed by the broad group of ‘phytoplankton’

Investigation Goals:
1. Students will be able to set up a slide with a drop of water 

2. Students will be able to observe through a microscope  

3. Students will hypothesize on the adaptive value of different sizes and morphologies of different phytoplankton groups

Materials:
Lab
1. Phytoplankton cultures
2. Pier sample

3. Plastic pippetes

4. Slides

5. Cover slips

6. Microscopes

7. Journals to draw in

Lab

Using laboratory cultures (30 minutes)
1. Have students set up in pairs in front of a microscope

2. Observe and draw at least 3 different types of phytoplankton from cultures

3. Annotate different characteristics of each – be able to identify ONE unique character of each species observed

4. Annotate a hypothetical reason why that phytoplankton has that characteristic

5. Guess what phytoplankton group each one of the three types corresponds to and why (use notes from previous day lecture).

Using pier sample (10 minutes)
1. Find something you didn’t find in the cultures and draw it.

2. What similarities and differences do you observe with the ones you previously drew?

3. Is it a phytoplankton? How do you know?
Evaluation (assessment)
Clean up (5-10 minutes)
Content Assessment
1. Quiz at end of class
2. Questioning
Investigation Assessment

1. Laboratory results 

Lesson #3 (Day three): Phytoplankton in the Stratified Ocean: Who’s where and why?
Instructional Time: Fifty minutes
Lesson Goals:
1. Students will understand the vertical distribution of the ocean 

2. Students will understand the relationship between depth, nutrients, light and photosynthesis

3. Students will understand how characteristics such as growth rates, size, morphology, etc. contribute to the ecology and species distribution of phytoplankton

Lesson Objectives:
1. Students will discuss light in the ocean

2. Students will discuss potential effects on phytoplankton

Lesson #4 (Day four): Phytoplankton: growth rates and ecological characteristics

Instructional Time: Fifty minutes

Lesson Goals:
1. Students will understand asexual reproduction in phytoplankton (cell division)

2. Students will understand population growth

3. Students will understand exponential growth

4. Students will understand how characteristics such as growth rates, size, morphology, etc. contribute to the ecology and species distribution of phytoplankton

Materials:
Lab
1. Lab activity sheet
2. Lab guides including text explaining different phytoplankton characteristics, image of characteristic phytoplankton, data on phytoplankton growth and a guide to all phytoplankton groups covered in this lecture.
Classroom activities (30 minutes)
1.  Have students set up in groups of 6 (this activity is designed for up to 6 groups of 6), and further divide into three subgroups of 2.
2.  Each person within the group gets an activity sheet.
3.  Every group gets a different set of Data, text, Image and Phytoplankton guide 
Subgroup (a):  Two students must take graphing paper and plot the chlorophyll vs. days data for their phytoplankton groups.  
Subgroup (b):  Two students will be in charge of reading a short text and from that understand characteristics that will give clues to the identity of the phytoplankton. 

Subgroup (c):  Two students will be in charge of learning the characteristics of the six possible phytoplankton groups, to try to discern what type of phytoplankton the group has.

Finally, the whole group should come together and everyone must have the same guide completed. The final activity is the actual calculation of phytoplankton growth rate and ranking of phytoplankton based on this calculation
Calculations (5 minutes)
1. Students will enter data on board
2. Compare growth rates of different phytoplankton species
Final Discussion (10 minutes)
1. Students will discuss results from different groups

2. Students will conclude which phytoplankton grows the fastest

3. Students will hypothesize why this might be and how this relates to ecology and distributions of phytoplankton
Clean up (5 minutes)

Evaluation (assessment)

Content Assessment
1. Class discussion

2. Completion of activity sheet

3. Short quiz
Investigation Assessment
1. Data entry
2. Calculations

3. Completion of activity sheet






