	Background- What does the teacher need to know before teaching this lesson? 

	
What is a habitat?[footnoteRef:1] [1:  http://idahoptv.org/sciencetrek/topics/habitat/facts.cfm] 

[image: https://static-s.aa-cdn.net/img/gp/20600002115019/200atoBNhOlVoi8VZW1I6gH-Z0gdyGtMdJpN7mxUJxZgn9PuWHj9tEyvNbHLHUjcEw=h900]A habitat is a special place where a plant or animal lives. Just like you have a home or place to live, so do animals and plants. When we talk about an animal's or a plant's home it is more like a neighborhood than a “house.” An animal needs five things to survive in its habitat: food, water, shelter, air, and a place to raise its young

Animals require different amounts of space. Habitats can be big like a forest or they can be much smaller like a burrow. Some animals defend a huge territory or roam over a large area. Some other animals need only a small amount of space and can put up with neighbors that live close by. An animal leaves its “shelter” to get the things they need to live. If the population's needs are not met, it will move to a different habitat.

Because resources like water and food may be limited, plant and animal species often compete with each other for food and water. The only way that they can all live together is if they occupy slightly different niches or hold different “jobs” in the community. No two species can occupy exactly the same niche. They all have their own specific jobs or niches in the community. A niche is the smallest unit of a habitat that is occupied by a plant or animal. The habitat niche is the physical space occupied by the plant or animal. The niche is the role the plant or animal plays in the community found in the habitat.

What are the levels of ecological organization?[footnoteRef:2],[footnoteRef:3]  [2:  http://www.ck12.org/book/CK-12-Life-Science-Concepts-For-Middle-School/section/12.2/]  [3:  http://eschooltoday.com/ecosystems/levels-of-organisation-in-an-ecosystem.html] 

There are six  levels of ecological organization: 
· A species is a group of organisms that can reproduce and produce fertile offspring
· A population is a group of the same species that live in the same area at the same time 
· A community is a group of populations living and interacting with each other in a defined area 
· An ecosystem is a community of living organisms that interact with each other and their physical environment 
· A biome is a large geographic area with similar plants, animals, and other living organisms adapted to common environmental conditions (a group of similar ecosystems) 
· A biosphere is the sum of all ecosystems and living organisms on Earth 

What are the main components of an ecosystem?[footnoteRef:4] [4:  https://www.khanacademy.org/science/biology/ecology/intro-to-ecology/a/ecological-levels-from-individuals-to-ecosystems] 

Ecosystems consist of life forms existing in a symbiotic relationship with their environment. Life forms in ecosystems compete with one another to become the most successful at reproducing and surviving in a given niche, or environment. Two main components exist in an ecosystem: abiotic and biotic. The abiotic (non-living) components of any ecosystem are the properties of the environment; the biotic (living) components are the life forms that occupy a given ecosystem.

What types of ecosystems are there?[footnoteRef:5] [5:  https://sciencing.com/types-environmental-ecosystems-8640.html] 

There are two types of ecosystems: terrestrial (land-based) and aquatic (water-based). Any other sub-ecosystem comes under any of these two categories. Major ecosystems include forests, deserts, grasslands, tundra, fresh water, and marine.

What are coral reefs?[footnoteRef:6] [6:  https://floridakeys.noaa.gov/corals/coralreef.html] 

Coral reefs are the ocean’s most diverse and complex ecosystems, supporting 25% of all marine life, including 700 species of reef-building corals and more than one million animal and plant species. They are close relatives of sea anemones and jellyfish, as each coral is a colony consisting of many individual sea anemone-like polyps that are all interconnected.

Why are coral reefs important?[footnoteRef:7] [7:  https://scripps.ucsd.edu/projects/coralreefsystems/about-coral-reefs/value-of-corals/] 

Healthy coral reefs are among the most biologically diverse and economically valuable ecosystems on earth, providing valuable and vital ecosystem services. Coral ecosystems are a source of food for millions; protect coastlines from storms and erosion; provide habitat, spawning and nursery grounds for economically important fish species; provide jobs and income to local economies from fishing, recreation, and tourism; are a source of new medicines, and are hotspots of marine biodiversity.

What are the main threats to coral reefs?[footnoteRef:8],[footnoteRef:9] [8:  http://mesfiji.org/resources/environment/threats-to-coral-reefs-natural-impacts]  [9:  http://wwf.panda.org/about_our_earth/blue_planet/coasts/coral_reefs/] 

Coral reefs are suffering from natural and anthropogenic (human influence) threats. Natural threats include:
· Storms and Earthquakes: Disasters such as storms and earthquakes occur naturally and periodically and devastate large areas of reefs. 
· Water temperature rise and coral bleaching: Unusual climatic patterns can result in stress to coral reefs. An increase in the sea temperature can cause the phenomenon known as coral bleaching where the corals, stressed by the temperature change, expel their algal symbionts and turn bright white. Other causes of bleaching are changes in nutrient levels and salinity, extreme low tides and increased UV radiation. 
· Crown-of-Thorns: Recent increases in the populations of the coral eating Crown-of-Thorns sea star have posted another natural threat to reefs. 
· Disease: Corals under stress often suffer from bacterial infections due to excess production of protective mucus. 

Human impacts include:
· Destructive fishing practices: These include cyanide fishing, blast or dynamite fishing, bottom trawling, and muro-ami (banging on the reef with sticks). Bottom-trawling is one of the greatest threats to cold-water coral reefs.
· Overfishing: This affects the ecological balance of coral reef communities, warping the food chain and causing effects far beyond the directly overfished population.
· Careless tourism: Careless boating, diving, snorkeling, and fishing happens around the world, with people touching reefs, stirring up sediment, collecting coral, and dropping anchors on reefs. Some tourist resorts and infrastructure have been built directly on top of reefs, and some resorts empty their sewage or other wastes directly into water surrounding coral reefs.
· Pollution: Urban and industrial waste, sewage, agrochemicals, and oil pollution are poisoning reefs. These toxins are dumped directly into the ocean or carried by river systems from sources upstream. Some pollutants, such as sewage and runoff from farming, increase the level of nitrogen in seawater, causing an overgrowth of algae, which 'smothers' reefs by cutting off their sunlight.
· Sedimentation: Erosion caused by construction (both along coasts and inland), mining, logging, and farming is leading to increased sediment in rivers. This ends up in the ocean, where it can 'smother' corals by depriving them of the light needed to survive. The destruction of mangrove forests, which normally trap large amounts of sediment, is exacerbating the problem.
· Coral mining: Live coral is removed from reefs for use as bricks, road-fill, or cement for new buildings. Corals are also sold as souvenirs to tourists and to exporters who don't know or don't care about the longer term damage done, and harvested for the live rock trade.
· Climate change: Corals cannot survive if the water temperature is too high. Global warming has already led to increased levels of coral bleaching, and this is predicted to increase in frequency and severity in the coming decades. Such bleaching events may be the final nail in the coffin for already stressed coral reefs and reef ecosystems.

How can you do to protect coral reefs?[footnoteRef:10] [10:  https://www.nature.org/ourinitiatives/urgentissues/oceans/coral-reefs/ways-to-help-coral-reefs/index.htm] 

· If you dive or snorkel – Take only photos and leave only bubbles! Keep your fins, equipment, and hands off the coral reefs. A single touch can kill live corals.
· Recycle – keeping trash out of oceans and landfills will assist in the water quality.
· Conserve Water – the less water you use, the less wastewater eventually finds its way back to the ocean.
· Support organizations that protect coral reefs. Your support is very important.
· Reduce or eliminate fertilizers and pesticides from your life. No matter how far from the ocean environment you are the residues will make their way back to the ocean.
· Do not anchor on the reef ecosystems. Use mooring buoys when available. If your favorite dive site does not have buoys – organize a project to install them!
· Do not throw away trash. There is no away! Carry your trash home with you – if others leave trash behind, pick it up and carry it to a proper disposal site. Plastic bags, six-pack rings, and other trash can kill sea life.
· Respect local guidelines when visiting reefs. Ask at local environmentally friendly businesses how to be a reef-friendly tourist.
· Volunteer for local beach clean-ups and reef cleanup programs. Being a part of the solution is better than being part of the problem.
· Report illegal activities on reef ecosystems. Illegal fishing, improper anchoring, dumping of trash should be reported to proper authorities.


	Further readings 

	
Difference Between Habitat and Ecosystem: http://wildernessclassroom.com/understanding-habitats-ecosystems-biomes/
The World’s Biomes: http://www.ucmp.berkeley.edu/glossary/gloss5/biome/
Water biomes http://www.thewaterpage.com/water-biomes.htm
Freshwater: http://kids.nceas.ucsb.edu/biomes/freshwater.html
Ecology: http://idahoptv.org/sciencetrek/topics/ecology/facts.cfm
Ecosystem: http://education.nationalgeographic.com/education/encyclopedia/ecosystem/?ar_a=1
What are Coral Reefs: http://www.coris.noaa.gov/about/what_are/
25 Things You Can Do to Save Coral Reefs: http://nepa.gov.jm/student/resource-material/pdf/25_Things_you_can_do_to_save_Coral_Reefs.pdf




	Standards - What standards are being met by teaching this lesson?

	
· K-12 Integrated Environmental and Sustainability Learning Standards (See Appendix Table 1)
· California Education and the Environment Initiative (See Appendix Table 2)
· Next Generation Science Standards (See Appendix Table 3)
· Common Core State Standards (See Appendix Table 4)




	Necessary supplies - What supplies will you need to teach the class?

	

	Materials 
· Construction paper
· Lined or ruled paper
· Pencils
· Masking tape
· Rulers
· Scissors
· String
· Fish Cutouts (see handout)
· Rainforest vocabulary packet (see handouts)

Technology
· Internet access 
· Computer
· Projector 
· Speaker  




	Do Now - (Written on board/projector) What quick independent activity will students engage in as soon as they arrive in class that will review past learning or preview the day’s learning?  (5 minutes)

	
Explain what a coral reef is. Coral is made by millions of tiny carnivorous (meat eating) animals called polyps. They are invertebrates (creatures without backbones), related to jellyfish and sea anemones. A large formation of coral is called a coral reef.  




	Objective for the Day – (Written on board/projector) What skill are you going to teach and what should the students be able to do by the end of the class to demonstrate what they have learned?

	Today you will…
· Describe the Belt Transect Method of fish surveying
· Conduct a classroom fish survey
· Compare and contrast classroom techniques with those of marine scientists

Key words:
Ecosystem                                     terrestrial
Coral reef                                      aquatic
Belt Transect                                 species
Ecosystem health                          population
Community                                   niche 
habitat
 

	Purpose – Why is it important for students to learn this skill? Explain why today’s lesson matters. 

	
Because students will 
· Learn how the components of an ecosystem are interdependent. 
· Learn to assess and address issues in ecosystem health. 



	Teaching the Skill – How will you teach this skill to students? What will the examples and the modeling look like? How will you ensure that all students are actively participating in the lesson?

	Step 1:

	
CORAL REEF FISH SURVEY SIMULATION[footnoteRef:11] (45 minutes) [11:  http://education.nationalgeographic.org/activity/coral-reef-fish-survey-simulation/
] 


Introduction

Introduce the concept of coral reef fish surveys.  Ask: Why do you think scientists would want to count the number of fish on a coral reef? What might they learn? Prompt students to think about number and types of fish and the health of the reef. Knowing the number of fish that live in a small section of the reef can help scientists estimate the size of the fish population for the entire reef. It is important for scientists to pay attention to different types of fish, too. Species richness, or the number of species in a given area, is information that scientists use to determine if a coral reef is healthy or not.


	Step 2:

	Discussion

[bookmark: _GoBack]Watch the National Geographic video "A Survey of Flint Island's Coral Reefs” http://video.nationalgeographic.com/video/flint-island-onow, in which Enric Sala and his team of scientists survey and document Flint Island's coral reefs, diving up to 50 times a day to get a complete picture of this marine ecosystem.

This video takes about 1 minute.

Check the students’ comprehension. Ask:
· What goals do the scientists have? (to survey and document all life on the reef)
· What organisms are they surveying? (all organisms, from smallest to largest, and including both fish and coral species) 
· What tools are they using in their survey? (photography, a transect line, data recording sheets

	Step 3:

	The Belt Transect  

Introduce and explain different types of fish surveying methods, focusing on the Belt Transect method. 

There are different methods for taking a fish sample. In this video, Enric Sala used the Belt Transect method, which is used mainly to count high numbers of small and abundant fishes. The divers were traveling along a transect line. A transect is a path along which one counts and records occurrences of the species of study.


	Step 4:

	Simulation

Explain to students that they will simulate the Belt Transect method in the classroom. Draw on the board as you describe this method, which creates two lanes using three ropes. Two divers swim in their own lanes like runners on a track. The divers swim in the same direction and make observations about the fish they see in their lane. The first time they swim, their lanes are four meters wide and they look for fish that are bigger than 20 centimeters. The second time they swim, the lanes are two meters wide and they look for fish that are less than 20 centimeters. The divers record what they see each time. The divers also make sure they check in reef ledges and holes for any fish that may be hiding. Allow students to ask any questions they may have about this method of fish surveying.


	Step 5:

	Fish sampling

Designate a 10' x 10', or 100 square foot area, of the classroom. Scatter a predetermined amount of fish cut-outs in that space. Split students into ten small groups and ask each group to designate one student as their data recorder. Give each group a 1' x 10' section of the 100 square foot area. Use string and tape to place a 10 foot transect line in each section. Have students in each group count fish six inches to the left and right of their transect line. Make sure the designated student in each group records the data for their group. Allow students sufficient time to complete the fish survey. 


	Step 6: 
	Discussion

Have students analyze the data they collected. 

After all groups have finished counting fish, have each group estimate the number of fish they think are in the 100 square foot area based on the number of fish they counted in their 1' x 10' section. Ask them to write their estimate below their recorded data. Invite a few volunteers to share their estimates with the class. After students have made their guesses, ask: How many fish did each group count? Write the numbers on the board. Then have students calculate the actual number of fish in the 100 square foot area. Ask:
· How did your estimate compare to the actual number of fish in the 100 square foot area?
· Was your estimate accurate or not? 
· What does this tell you about the importance of sampling in fish surveys?
· Ask students about how putting science into practice required them to use their judgment. For example, if they saw a fish that was halfway in one lane and halfway in another lane, how did they decide to count it?




	Practice - What will it look like when you give the students the chance to practice on their own?  What activity will students complete? Remember, you are gradually releasing responsibility to the students over the course of the lesson. Students should ultimately be practicing the day’s objective independently. They might start by working in pairs or groups or with some helpful resources before working on their own.  (15 minutes)

	
Ask students to research the ecosystem that they are a part of, and think of a tool that similarly could measure ecosystem health in their ecosystem. Ask the students to share their ideas. 




	Closure - What will you do to wrap up the class and check one more time for student understanding of the objective?
(5-10 minutes)

	Discuss the similarities and differences between the classroom Belt Transect method and a real Belt Transect survey completed by marine scientists. For example, students should understand that a real fish survey is more challenging, as both divers and fish are continually moving and fish are able to hide from them.
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Appendix of Tables

Appendix Table 1: K-12 Integrated Environmental and Sustainability Learning Standards

	Standard 2:  The Natural and Build Environment

	· Students engage in inquiry and systems thinking and use information gained through learning experiences in, about, and for the environment to understand the structure, components, and processes of natural and human-built environments.

	Standard 3: Sustainability and Civic Responsibility

	· Students develop and apply the knowledge, perspective, vision, skills, and habits of mind necessary to make personal and collective decisions and take actions that promote sustainability.




Appendix Table 2: California Education and the Environment Initiative

	Principle I: People Depend on Natural Systems

	· The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.

	Concept C: Students need to know that the quality, quantity, and reliability of the goods and ecosystem services provided by natural systems are directly affected by the health of those systems.

	Principle II: People Influence Natural Systems

	· The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are influenced by their relationships with human societies.

	.Concept B: Students need to know that methods used to extract, harvest, transport, and consume natural resources influence the geographic extent, composition, biological diversity, and viability of natural systems.

	Principle III: Natural Systems Change in Ways that People Benefit from and can Influence

	· Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.

	Concept C: Students need to know that human practices can alter the cycles and processes that operate within natural systems.

	Principle IV: There are no Permanent or Impermeable Boundaries that Prevent Matter from Flowing Between Systems

	· The  exchange  of  matter  between  natural  systems  and  human  societies  affects  the  long-term functioning  of both.

	Concept A: Students need to know that the effects of human activities on natural systems are directly related to the quantities of resources consumed and to the quantity and characteristics of the resulting byproducts.




Appendix Table 3:  Next Generation Science Standards

	Engineering Design

	· K-2-ETS1-1: Ask questions, make observations, and gather information about a situation people want to change to define a simple problem that can be solved through the development of a new or improved object or tool.

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Asking Questions and Defining Problems: Asking questions and defining problems in K–2 builds on prior experiences and progresses to simple descriptive questions.

Ask questions based on observations to find more information about the natural and/or designed world(s). 

Define a simple problem that can be solved through the development of a new or improved object or tool.
	ETS1.A: Defining and Delimiting Engineering Problems: A situation that people want to change or create can be approached as a problem to be solved through engineering.

Asking questions, making observations, and gathering information are helpful in thinking about problems.

Before beginning to design a solution, it is important to clearly understand the problem.
	n/a

	· 3-5-ETS1-2: Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the problem.

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Constructing Explanations and Designing Solutions: Constructing explanations and designing solutions in 3–5 builds on K–2 experiences and progresses to the use of evidence in constructing explanations that specify variables that describe and predict phenomena and in designing multiple solutions to design problems.

Generate and compare multiple solutions to a problem based on how well they meet the criteria and constraints of the design problem.
	ETS1.B: Developing Possible Solutions: Research on a problem should be carried out before beginning to design a solution. Testing a solution involves investigating how well it performs under a range of likely conditions.

At whatever stage, communicating with peers about proposed solutions is an important part of the design process, and shared ideas can lead to improved designs.
	Influence of Science, Engineering, and Technology on Society and the Natural World: Engineers improve existing technologies or develop new ones to increase their benefits, decrease known risks, and meet societal demands.

	Earth and Human Activity

	· 5-ESS3-1: Obtain and combine information about ways individual communities use science ideas to protect the Earth’s resources and environment.

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Obtaining, Evaluating, and Communicating Information: Obtain and combine information from books and other reliable media to explain phenomena.
	ESS3.C: Human Impacts on Earth Systems: Human activities in agriculture, industry, and everyday life have had major effects on the land, vegetation, streams, ocean, air, and even outer space. But individuals and communities are doing things to help protect Earth’s resources and environments.
	Systems and System Models: A system can be described in terms of its components and their interactions. 

Connections to Nature of Science: Science findings are limited to questions that can be answered with empirical evidence.




Appendix Table 4: Common Core State Standards

	Mathematics

	Mathematical Practices

	Reason abstractly and quantitatively
· CCSS.Math.Practice.MP2: Mathematically proficient students make sense of quantities and their relationships in problem situations.

	Model with mathematics 
· CCSS.Math.Practice.MP4: Mathematically proficient students can apply the mathematics they know to solve problems arising in everyday life, society, and the workplace.

	Number & Operations—Fractions

	Develop understanding of fractions as numbers
· CCSS.Math.Content.3.NF.A.1: Understand a fraction 1/b as the quantity formed by 1 part when a whole is partitioned into b equal parts; understand a fraction a/b as the quantity formed by a parts of size 1/b.

	Measurement and Data

	Represent and interpret data
· CCSS.Math.Content.3.MD.B.3: Draw a scaled picture graph and a scaled bar graph to represent a data set with several categories. Solve one- and two-step "how many more" and "how many less" problems using information presented in scaled bar graphs.
· CCSS.Math.Content.3.MD.B.4: Generate measurement data by measuring lengths using rulers marked with halves and fourths of an inch. Show the data by making a line plot, where the horizontal scale is marked off in appropriate units— whole numbers, halves, or quarters.

	Geometric measurement: understand concepts of volume
· CCSS.Math.Content.3.MD.C.5: Recognize area as an attribute of plane figures and understand concepts of area measurement.

	English Language Arts 

	Reading: Informational Text

	Integration of Knowledge and Ideas 
· CCSS.ELA-Literacy.RI.3.7: Use information gained from illustrations (e.g., maps, photographs) and the words in a text to demonstrate understanding of the text (e.g., where, when, why, and how key events occur).

	Writing

	Research to Build and Present Knowledge 
· CCSS.ELA-Literacy.W.3.8: Recall information from experiences or gather information from print and digital sources; take brief notes on sources and sort evidence into provided categories.

	Speaking and Listening

	Presentation of Knowledge and Ideas
· CCSS.ELA-Literacy.SL.3.4: Report on a topic or text, tell a story, or recount an experience with appropriate facts and relevant, descriptive details, speaking clearly at an understandable pace.
· CCSS.ELA-Literacy.SL.3.6: Speak in complete sentences when appropriate to task and situation in order to provide requested detail or clarification.
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