



Unit IX Ecology Teaching Module B-6.1

Instructional Focus:  Explain how the interrelationships among organisms (including predation, competition, parasitism, mutualism, and commensalism) generate stability within ecosystems.
Content Overview for Module B-6.1
A stable ecosystem is one where
· the population numbers of each species fluctuate at a relatively predictable rate.
· the supply of resources in the physical environment fluctuates at a relatively predictable rate.  
· energy flows through the ecosystem at a fairly constant rate over time.
These fluctuations in populations and resources ultimately result in a stable ecosystem.
Organisms in an ecosystem constantly interact.  The interactions among the organisms may generate stability within ecosystems.    

A symbiotic relationship exists between organisms of two different species that live together in direct contact.  The stability of an ecosystem is affected by the symbiotic relationships of the species within it.  If the population of one or the other of the symbiotic organisms becomes unbalanced, the populations of both organisms will fluctuate in an uncharacteristic manner.  Symbiotic relationships include predation, parasitism, competition, mutualism, and commensalism. 

Predation is an interaction between species in which one species (the predator) eats the other (the prey).  This interaction helps regulate the population within an ecosystem resulting in stability.  Fluctuations in predator–prey populations are relatively predictable.  
A graph (figure1) of predator–prey density over time shows how the cycle of fluctuations results in a stable ecosystem. 
· As the prey population increases, the predator population will increase. 
· As the predator population increases, the prey population will eventually decrease.  
Content Overview for Module B-6.1 cont.
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Parasitism is a symbiotic relationship in which one organism (the parasite) benefits at the expense of the other organism (the host).  In general, the parasite does not kill the host. 
· Some parasites, such as tape worms, heartworms, or bacteria, live within the host.
· Some parasites, such as aphids, fleas, or mistletoe, feed on the external surface of a host.
· The parasite-host populations that have survived have been those where neither has a devastating effect on the other.
· Parasitism that results in the rapid death of the host is devastating to both the parasite and the host populations.  It is important that the host survive and thrive long enough for the parasite to reproduce and spread.  
Competition is the relationship that occurs when two or more organisms need the same resource at the same time.  
· Competition can occur between members of the same or different species.
· An ecological niche refers to an organism’s role its environment.  The niche includes the type of food an organism eats, how it obtains its food, and how it interacts with other organisms.
· Two species cannot occupy the same ecological niche in the same habitat indefinitely.  Species may coexist if they require different resources.   
· Competition negatively affects each population competing for limited resources.  This usually results in a decrease in the population of the  species less adapted to compete for that particular resource.  
Mutualism is a symbiotic relationship in which both organisms benefit.  Because the two organisms work closely together, they help each other survive.  For example,
· bacteria, which have the ability to digest wood, live within the digestive tracts of termites;
Content Overview for Module B-6.1 cont.

· mycorrhizal fungi, which live in or on most plant roots, aid the plant in acquiring nitrogen or phosphorus while the plant provides the fungi with food.
Commensalism is a symbiotic relationship in which one organism benefits while the other organism is not affected.  For example,  

· blue jays build their nests in oak trees; the birds benefit by having protection for their nests while the oak tree is unaffected; 
· burdock seeds become attached to organisms like dogs; the burdock seeds are dispersed to locations where they can germinate with less competition while the dogs are unaffected. 

Instructional Progression 
Previous and future knowledge

In 5th grade (5-2.4), students identified the roles of organisms as they interact and depend on one another through food chains and food webs in an ecosystem, considering producers and consumers (herbivores, carnivores, omnivores), decomposers (bacteria and fungi), predators and prey, and parasites and hosts.  In 7th grade (7-4.1), students summarized the characteristics of the levels of organization within ecosystems (including populations, communities, habitats, niches, and biomes).
Instructional Considerations 
It is essential for students to understand that an ecosystem is defined as the biotic factors in a community (all the populations of organisms in a given area) and the abiotic factors (such as water, soil, or climate) that affect them.
It is not essential for students to understand adaptations that have resulted from symbiotic relationships.
Misconception: Students often believe that the term symbiotic implies a beneficial relationship for both organisms. Allowing students who are struggling to draw simple pictures illustrating each type of symbiosis may help.

Key Vocabulary and Concepts
Ecosystem: stable ecosystem

Predation: predator, prey

Competition: niche

Symbiotic relationships: predation, parasitism, competition, mutualism, commensalism

Materials Needed

See Instructional Planning Guide Activity and Appendix I.
Suggested Teaching Module B-6.1
Revised Taxonomy:  2.7-B    Understand Conceptual Knowledge
Introduce the lesson by having students complete Activity B-6.1a; this is a good opener for teaching this module on symbiosis.  After completing the activity, follow up with the video, “Ancient Farmers of the Amazon” (http://www.teachersdomain.org/resources/tdc02/sci/life/evo/leaf/index.html) and a discussion. Next, you will want to begin to provide instruction on the various types of symbioses.  The two activities (Activity 6.1b “The Predator-Prey Simulation” and Activity 6.1c “Prey Population Growth and Predators”) provided on predator-prey interactions can be used either has an introduction to predator–prey relationships or as an ending activity.  If you have access to graphing calculators, students could complete the “Hare Today Gone Tomorrow”  activity (http://education.ti.com/educationportal/activityexcha nge/activity_detail.do?cid=us&activityid=3910).  This should not replace doing activity 6.1b or 6.1c.  Activity 6.1d “Prey Population Growth and Predator” is an exercise in graph reading and interpretation.  Activity 6.1d “Abiotic, Biotic and Symbiotic Relationships” may be used as an assessment for symbiosis.
Extensions
Differentiation 
For students who struggle with conventional examples you could provide examples of various types of symbioses from movies that many students have seen.  Examples such as mutualism from Finding Nemo (Nemo and the sea anemone) and predator-prey from The Lion King (Simba being taught how to hunt antelope) might help students make a connection.
Enrichment
Independent research using activity 6.1a may provide enrichment.
Interventions
ETV Streamline SC resources will help with concepts and with students who may have been absent.  See the Instructional Planning Guide.
Assessing Module B-6.1

Formative and Summative Assessments

The objective of this indicator is to explain how the interrelationships among organisms generate stability within ecosystems; therefore, the primary focus of assessment should be to construct a cause-and-effect model showing how predation, competition, parasitism, mutualism, and commensalism affect the stability of an ecosystem.

In addition to explain, assessments may require students to

· summarize how a stable ecosystem is obtained;

· identify or illustrate the roles of various organisms in an ecosystem (predator, prey, parasite, host) using pictures, diagrams, or words;

· interpret a graph of predator/prey numbers over time; 

· explain how the numbers of various organisms fluctuate in an ecosystem to maintain stability; 
· exemplify biological relationships; 

· explain how a significant change in the numbers of a particular organism will affect the stability of the ecosystem;

· classify a symbiotic relationship as mutualism, parasitism, or commensalism;

· summarize each of the types of biological relationships;

· compare how various types of biological relationships affect the organisms involved.

Formative Assessment: At the end of the lesson each day students may write three or four review questions in their groups and then swap questions with another group.

Summative Assessment: Activity 6.1d Abiotic, Biotic and Symbiotic Relationships in the Instructional Planning Guide is a short quiz that may be used for summative assessment.
Suggested Resources
See Instructional Planning Guide.
Unit IX Ecology Teaching Module B-3.6

Instructional Focus: Illustrate the flow of energy through ecosystems (including food chains, food webs, energy pyramids, number pyramids, and biomass pyramids).
Content Overview for Module B-3.6
Food Chain
A food chain is the simplest path that energy may take through an ecosystem.  Energy typically enters an ecosystem through a producer from the Sun.  Each level in the transfer of energy through an ecosystem is called a trophic level.  The organisms in each trophic level use much of the energy to maintain homeostasis.  Excess energy is stored by the organism for later use.  A portion of the energy is also lost as heat.
· The first trophic level consists of primary producers (green plants or other autotrophs).

· Most primary producers capture the Sun’s energy during photosynthesis, and it is converted to chemical energy in the form of simple sugars. 

· The autotroph uses some of the simple sugars for energy and some of the simple sugars are converted to organic compounds (carbohydrates, proteins, and fats) as needed for the structure and functions of the organism.

· Examples of primary producers include land plants and aquatic phytoplankton.
Note to teacher:  Some primary producers use chemicals instead of sunlight as their energy source.  In environments without sunlight, certain bacteria oxidize inorganic molecules such as hydrogen sulfide into carbon molecules through the process of chemosynthesis.  This is not essential information for students to know.  
· The second trophic level consists of primary consumers (heterotrophs).

· Primary consumers that eat autotrophs are called herbivores.

· The herbivore uses some of the organic compounds for energy and some of the organic compounds are converted into the proteins, carbohydrates and fats that are necessary for the structure and functions of the herbivore.  Much of the consumed energy is lost as heat.

· Examples of primary consumers include grasshoppers, rabbits and zooplankton.
Content Overview for Module B-3.6 cont.
· The third trophic level, or any higher trophic level, consists of consumers.

· Consumers that eat primary consumers are called secondary consumers; consumers that eat secondary consumers are called tertiary consumers.  

· Consumers that generally eat primary consumers are called carnivores; consumers that regularly eat both producers and primary consumers are called omnivores.

· The carnivores or omnivores use some of the organic compounds for energy and some of the organic compounds are converted into the proteins, carbohydrates and fats that are necessary for their body structure and function.  Much of the consumed energy is converted to heat.

· Examples of consumers include humans, wolves, frogs, and minnows.
Note to teacher:  Some heterotrophs feed on dead organic material, or detritus, and are called detritivores.  These include scavengers such as vultures, crabs, and opossums that consume dead animals as well as detritivores such as earthworms, millipedes, and crabs that feed on fragments of dead organisms such as leaf litter, decaying organisms, and fecal matter.  As they feed, detritivores break organic material into smaller pieces that decomposers such as some bacteria and fungi then feed on.  Detritrivores and decomposers help return nutrients to soil, water, and air.  
· The energy available for each trophic level in an ecosystem can be illustrated with a food chain diagram.  The size of the arrow in a diagram may indicate that the energy is smaller at each trophic level.  Smaller amounts of energy are available at each successive trophic level because organisms use some of the energy for life processes and some of the energy is lost as heat.
· A food web represents many interconnected food chains describing the various paths that energy takes through an ecosystem.  The energy available in an ecosystem can be illustrated with a food web diagram.

· Ecological pyramids are models that show how energy flows through ecosystems.  Pyramids can show the relative amounts of energy, biomass, or numbers of organisms at each trophic level in an ecosystem.  The base of the pyramid represents producers.  Each step above the producer level represents a different consumer level.  The number of trophic levels in the pyramid is determined by the number of organisms in the food chain or food web.  Because the amount of energy coming into an ecosystem is limited and most of the energy in one trophic level is used by those organisms or converted to heat, ecosystems are limited in the number of trophic levels they can have.    
Content Overview for Module B-3.6 cont.

· An energy pyramid represents the energy available for each trophic level in an ecosystem.  
· Because the amount of energy coming into an ecosystem is limited and most of the energy in one trophic level is used by those organisms or converted to heat, ecosystems are limited in the number of trophic levels they can have.
· Therefore, the total amount of energy available at each level decreases in an ecosystem.

· Each successive level in an ecosystem can support fewer numbers of organisms than the one below.  Since most of the energy available to a trophic level is used by those organisms or converted to heat, there is generally a 90% loss of available energy from one trophic level to the next. For example, if there are 1000 units of energy available to the primary producer level, only 100 units will be available to the primary consumer level and only 10 units to the secondary consumer level. 
· A number pyramid represents the number of individual organisms available for energy at each trophic level in an ecosystem.  It can be used to examine how the population of a certain species affects another. 

· The autotrophic level is represented at the base of the pyramid.  This represents the total number of producers available to support the energy needs of the ecosystem. 

· The total numbers of individual organisms tend to decline as one goes up trophic levels.
· A biomass pyramid represents the total mass of living organic matter (biomass) at each trophic level in an ecosystem.   

· Since the number of organisms is reduced in each successive trophic level, the biomass at each trophic level is reduced as well.

· Even though a biomass pyramid shows the total mass of organisms available at each level, it does not necessarily represent the amount of energy available at each level.  For example, the skeleton and beak of a bird will contribute to the total biomass but may not be available for energy. 
Instructional Progression 
Previous and future knowledge
In 5th grade (5-2.4), students identified the roles of organisms as they interact and depend on one another through food chains and food webs in an ecosystem, considering producers and consumers (herbivores, carnivores, omnivores), decomposers (fungi and microorganisms, such as, some bacteria), predators and prey, and parasites and hosts.  In 7th grade (7-4.2), students illustrated energy flow in food chains, food webs, and energy pyramids.
Instructional Considerations
It is essential for students to understand that the flow of energy through ecosystems can be described and illustrated in food chains, food webs, and pyramids (energy, number, and biomass).

It is not essential for students to understand
· the flow of energy in terms of the laws of thermodynamics or entropy;

· how to calculate the amount of energy available in an energy pyramid or the amount of biomass available in a biomass pyramid;

· the exact proportion of organisms that exists at each trophic level in a numbers pyramid.

Key Vocabulary and Concepts
Food chain, food web

Trophic level: primary producers (autotrophs), primary consumers (heterotrophs)

Types of consumers: herbivore, carnivore, omnivore, detritivore

Ecological pyramids: energy pyramid, number pyramid, biomass pyramid

Materials Needed
See Instructional Planning Guide Activity and Appendix I.
Suggested Teaching Module B-3.6 

Revised Taxonomy 2.2-B   Understand Conceptual Knowledge
Begin with a review of vocabulary that was introduced in previous grades. After using illustrations to lead a discussion on food chains and food webs, complete activities 3.6a Food Chain Directions and 3.6c Food Web Directions in the Instructional Planning Guide.  After checking to make sure that student work on activities 3.6a and 3.6c are correct, then you are ready to go onto to energy in the ecosystem. Use the text and diagrams from “Energy Through Our Lives” (http://www.uwsp.edu/CNR/wcee/keep/Mod1/Flow/foodchains .htm) on the web (see recommended resources in the Instructional Planning Guide) to introduce to students how energy is transferred through the ecosystem. The ETV Streamline SC videos on Food Chains and Webs, Biomass, and Energy Pyramids may be shown next (Instructional Planning Guide).  Students can then complete activities 3.6b Food Web and 3.6d Energy Transfer (Instructional Planning Guide).  It is important that students understand that the energy transfers are not very efficient and activity 3.6f “Salt Marsh(mallow) Energy Flow” is a hands-on visual for students.  This activity actually demonstrates energy flow in a South Carolina salt marsh ecosystem.  This provides a great way to instruct students that the number of levels in the food pyramid can’t be very large.  
Extensions
Differentiation
The Food Webs website may be used either as an introductory practice activity, as an intervention tool, or as a review.
Enrichment
After using pyramids to solve for biomass, numbers and energy for a given ecosystem, students could create their own pyramids to share and provide review questions at the end of the lesson.
Assessing Module B-3.6
Formative and Summative Assessments
The objective of this indicator is to illustrate the flow of energy through ecosystems (including food chains, food webs, energy pyramids, number pyramids, and biomass pyramids); therefore, the primary focus of assessment should be to give or use illustrations of food chains, food webs, energy pyramids, numbers pyramids, and biomass pyramids for a given ecosystem showing that most of energy in each trophic level is unavailable to the next trophic level because much of the energy is used by organisms to maintain homeostasis, stored by the organisms for later use, or converted to heat energy and escapes into the environment. 

In addition to illustrate, assessments may require students to

· interpret a scientific drawing of a food chain, food web, energy pyramid, numbers pyramid, or biomass pyramid;

· summarize the energy flow represented in a food chain, food web, energy pyramid, numbers pyramid or a biomass pyramid for a given ecosystem;

· compare different trophic levels in an ecosystem as to energy, numbers of organisms and biomass.

If the Food Web web site (ETV Streamline SC videos 

http://www.uwsp.edu/CNR/wcee/keep/Mod1/Flow/foodchains.htm) is used in beginning instruction activities 3.6b & 3.6d may be used for summative assessment.
Suggested Resources
See Instructional Planning Guide.
Unit IX Ecology Teaching Module B-6.2

Instructional Focus: Explain how populations are affected by limiting factors (including density-dependent, density-independent, abiotic, and biotic factors).
Content Overview for Module B-6.2
Density-dependent 
Limiting factors that are density-dependent are those that operate more strongly on large populations than on small ones.  Density-dependent limiting factors include competition, predation, parasitism, and disease. These limiting factors are triggered by increases in population density (crowding). 

Density-independent 
Limiting factors that are density-independent are those that occur regardless of how large the population is and reduce the size of all populations in the area in which they occur by the same proportion.  Density-independent factors are mostly abiotic (such as weather changes or natural disasters such as fires) and may be caused by human activities (such as pollution). 

Abiotic and biotic factors

Limiting factors can change within an ecosystem and may affect a population.  

· Abiotic factors may be chemical or physical.  Some examples are water, nitrogen availability, oxygen levels, salinity, pH, soil nutrients and composition, temperature, sunlight, and precipitation. 
· Biotic factors include all of the living components of an ecosystem.  Some examples are bacteria, fungi, plants, and animals. 
A change in an abiotic or biotic factor may decrease the size of a population if the population cannot acclimate or adapt to or migrate from the change.  A change may increase the size of a population if that change enhances the population’s ability to survive, flourish or reproduce. 
Instructional Progression 

Previous and future knowledge

In 5th grade (5-2.5) students explained how limiting factors (including food, water, space, and shelter) affect populations in ecosystems.  In 7th grade, students explained the interaction among changes in the environment due to…limiting factors (including climate and the availability of food and water, space, and shelter) (7-4.3) and summarized the characteristics of the levels of organization within ecosystems (including populations…) (7-4.1).
Instructional Considerations
It is essential for students to understand that a population is a group of organisms belonging to the same species that live in a particular area at a given time.  Populations can be described based on their size, density, or distribution.  Population density measures the number of individual organisms living in a defined space.  Regulation of a population is affected by limiting factors that include density-dependent, density-independent, abiotic and biotic factors. 

It is not essential for students to understand 

· the biogeographic factors that affect the biodiversity of communities or the population densities of those communities;

· the control of internal conditions of organisms; 

· how to calculate population growth patterns or population density.
Remind students of the meaning of the prefixes “a” and “bios.” (without and life) 
Key Vocabulary and Concepts
Population: population density

Limiting factors: density-dependent, density-independent, abiotic, biotic

Materials Needed
See Instructional Planning Guide Activity and Appendix I. 
Suggested Teaching Module B-6.2
Revised Taxonomy 2.7-B    Understand Conceptual Knowledge
Since you would have already taught B- 6.1, students would have recently  viewed some of the websites and videos that are referenced for this module. You can start teaching the module by reviewing the interrelationships from lesson B-6.1 to lead students in classifying types of limiting factors.  You need to make sure that students can correctly classify how each limiting factor affects population size; the website on limiting factors or the ETV Streamline SC video on The Role of Abiotic Factors may be used to generate new concepts (See Instructional Planning Guide).
Suggested Teaching Module B-6.2 cont.

If you have access to the Project Wild Oh Deer Activity use it as an opener for this module (see www.plt.org). If you are going to use this activity, plan for a large open space. After using this activity you could review interrelationships from lesson B-6.1. Next have students complete activity 6.2b, “Kaibab National Forest: Limiting Factors that Affect the Kaibab Deer”.  By this time students are ready to use data to analyze the effects of limiting factors on population. Activity 6.2a, “Population Scenario”, should be used for review. This activity is designed for students to work with a partner.

Extensions
Differentiation
Students with Individualized Education Plans may need to work with their resource teachers to complete the descriptive paragraphs for Activity 6.2a “Predation or Starvation”.
Enrichment
Teachers may choose to show photographs of the Kaibab National Forest to pique students’ interest in the lab.
Assessing Module B-6.2
Formative and Summative Assessments
The objective of this indicator is to explain how populations are affected by limiting factors; therefore, the primary focus of assessment should be to construct cause-and-effect models of how each limiting factor (including density-dependent, density-independent, abiotic, and biotic factors) can affect a population in an ecosystem and in turn, the entire ecosystem. 

In addition to explain, assessments may require students to

· summarize how limiting factors (as listed in the indicator) affect population size;

· exemplify or classify each type of limiting factor (as listed in the indicator);

· compare density-dependent limiting factors to density-independent limiting factors and biotic limiting factors to abiotic limiting factors;

· infer the result of a change in a limiting factor on the size of a population.

Review before testing by asking students to brainstorm a list of limiting factors and then classify them according to the type of limiting factor.
Suggested Resources

See Instructional Planning Guide and Appendix I. 
Unit IX Ecology Teaching Module B-6.3

Instructional Focus: Illustrate the processes of succession in ecosystems.
Content Overview for Module B-6.3
Primary succession occurs in an area that has not previously been inhabited:  for example, bare rock surfaces from recent volcanic lava flows, rock faces that have been scraped clean by glaciers, or a city street. 
· The beginning of primary succession depends on the presence of unique organisms that can grow without soil.  These pioneer organisms (the first organisms to invade a given area) also facilitate the process of soil formation.

· Lichens (mutualistic relationships between fungi and algae) and some mosses are among the most important pioneer species in the process of primary succession.  Pioneer organisms break down rock into smaller pieces ultimately leading to soil formation.  At this stage of succession before significant soil has formed there are few habitats for organisms in the ecosystem.

· Once there is enough soil and nutrients, small plants, such as small herbaceous plants such as grasses and ferns grow.  These plants break down the rock further and provide more soil.

· As succession continues, soil depth increases.  This allows larger plants such as shrubs to invade.  

· The soil building process continues allowing seeds of other plants including small trees to germinate and grow. 

· Over time, more species grow and die.  Their decomposed bodies become part of the developing and deepening soil and also add nutrients to the soil.  Larger plant species are able to populate the area as soil continues to build.

Note to teacher for clarification:  Each successive plant community generally tends to require a deeper soil.  Plants in the latter stages of succession also tend to be taller than those found in the earlier stages of succession.  This increase in height allows taller plants to out-compete shorter ones for sunlight thereby leading to the replacement of early plant communities with newer, different ones.  
· As the species of plants change, the species of animals that are able to inhabit the area also change. The organisms in each stage may alter the ecosystem in ways that hinder their own survival but make it more favorable for different organisms that may occupy the area in the future.  In this way, one community replaces another over time. 
Content Overview for Module B-6.3 cont.

· Eventually a mature community (climax community) results where there is little change in the composition of species.  The climax community perpetuates itself as long as no disturbances occur. 
· The climax community of a particular area is determined by the limiting factors of the area. (see B-6.2)
· As scientists have studied changes in ecosystems, they have found that the processes of succession are always changing ecosystems. 

Secondary succession begins in an area where there was a preexisting community and well-formed soil; for example, abandoned farmland, vacant lots, clear-cut forest areas, or open areas produced by forest fires. 
· Secondary succession is similar to the later stages of primary succession (after soil has already formed).  
· When a disturbance (such as a fire, a hurricane or human activities) destroys an established community but leaves the soil intact, secondary succession begins.  

· Secondary succession proceeds until a climax community is established or another disturbance resets the succession process.
· Some stages (and the organisms that compose the communities that characterize these stages) may last for a short period of time, while others may last for hundreds of years.
· Any disturbance to the ecosystem will affect the rate of succession in a particular area.  Usually secondary succession occurs faster than primary succession because soil is already present. 

· When disturbances are frequent or intense, the area will be mostly characterized by the species that are present in the early stages of succession.

· Because of local factors and conditions, an area undergoing succession will often be composed of habitats in different stages of succession.  For example, Forty Acre Rock near Kershaw, South Carolina, an excellent model of succession, has patches of bare rock covered only in lichens, areas of shallow soil with low-growing grasses, pockets of deeper soil with larger herbaceous and woody plants, and strips of forest all within close proximity to one another.    

· The process of succession occurs in all ecosystems (i.e., forest succession, pond succession, coral reef or marine succession and desert succession).

Instructional Progression 

Previous and future knowledge

In 7th grade, students summarized the characteristics of the levels of organization within ecosystems (including populations, communities, habitats, niches, and biomes) (7-4.1), explained the interaction among changes in the environment due to natural hazards (including landslides, wildfires, and floods), changes in populations, and limiting factors (including climate and the availability of food and water, space, and shelter) (7-4.3), and explained the effects of soil quality on the characteristics of an ecosystem (7-4.4).
Instructional Considerations

It is essential for students to understand that ecological succession is the series of changes in an ecosystem when one community is replaced by another community as a result of changes in abiotic and biotic factors.  There are two main types of succession, primary and secondary.

It is also essential for students to understand that succession is a continual process. 

It is not essential for students to understand

· how the rate of disturbance in an area is related to species diversity;

· characteristics of specific biomes. 
Misconceptions: Students have a hard time deciding whether primary or secondary succession occurs after a natural disaster.  They need to understand that the extent of the damage done dictates the type of succession.  It all depends on the depth of destruction.  If the disturbance is great enough to remove the soil, then primary succession will result.  If a site has soil remaining after a disturbance, then secondary succession will result.
Key Vocabulary and Concepts

Ecological succession

Primary succession:  pioneer species, climax community

Secondary succession

Materials Needed

See Instructional Planning Guide Activity and Appendix I. 

Suggested Teaching Module B-6.3
Revised Taxonomy 2.2-B   Understand Conceptual Knowledge
Begin this lesson with the PBS video (http://www.pbs.org/americanfieldguide/teachers/ forests/forests_sum.html) to show primary and secondary succession in North American Forests. Use the PBS Teacher’s lesson plan guide for questions to generate notes on this topic. Ask students to brainstorm areas in their community where secondary succession is occurring.  Activity 6.3a “Observing Succession Lab” should be started immediately after using the PBS video so that data may be gathered over the next week. After students set up Activity 6.3a, the teacher could have them also set up Activity 6.3b “Creating Succession Models” so that they can collect the data over a period of days. This second activity may require a review of the pH scale and a reminder that organisms thrive at their optimal pH. Activity 6.3c “Succession Illustration Creation” should be used once students are familiar with the process of succession. Teachers may opt to integrate this project with the art teacher.  At the end of the module, the teacher may want to have students do Activity 6.3d “Effects of Fire on Biomes” as a culminating activity. If you do not have time for students to set up both Activities 6.3a and 6.3b consider this:  have half the lab groups set up Activity 6.3a and the other half set up Activity 6.3b.  You could also set up one as a classroom observation. All activities may be found in the Instructional Planning Guide. 

Extensions

Differentiation
For students who are having difficulty grasping these concepts, you may use the Biologix:  Succession and Climax Communities series (ETV Streamline SC) to reinforce the idea of change being continual. 
Enrichment

Activity 6.3c “Succession Illustration Creation” could be altered to allow students to use photography.
Assessing Module B-6.3
Formative and Summative Assessments

The objective of this indicator is to illustrate the processes of succession in ecosystems; therefore, the primary focus of assessment should be to give or use illustrations that show how one biological community replaces another community.  

In addition to explain, assessments may require students to

· identify communities that characterize the stages of succession;

· explain the environmental conditions that are necessary for pioneer species to survive;   

· infer what type of organisms will be present in a given area in the future based on the a description of the area’s current species;

· exemplify the conditions for primary and secondary succession;

· summarize the processes of primary and secondary succession.

Suggested Resources
See Instructional Planning Guide and Appendix I. 
Unit IX Ecology Teaching Module B-6.4

Instructional Focus: Exemplify the role of organisms in the biogeochemical cycles (including the cycles of carbon, nitrogen, and water).
Content Overview for Module B-6.4
Carbon Cycle
· Carbon is one of the major components of the biochemical compounds of living organisms (carbohydrates, proteins, lipids, nucleic acids).
· Carbon is found in the atmosphere and also in many minerals and rocks, in fossil fuels (natural gas, petroleum, and coal) and in the organic materials that compose soil and aquatic sediments.
· Organisms play a major role in recycling carbon from one form to another in the following processes:
· Photosynthesis:  Photosynthetic organisms take in carbon dioxide from the atmosphere and convert it to simple sugars. (see B-3.1)
· Respiration:  Organisms break down glucose and carbon is released into the atmosphere as carbon dioxide. (see B-3.2)
· Decomposition:  When organisms die, decomposers break down carbon compounds.  These compounds enrich the soil or aquatic sediments and are eventually released into the atmosphere as carbon dioxide.
· Conversion of biochemical compounds:  Organisms store carbon as carbohydrates, proteins, lipids, and nucleic acids in their bodies.  For example, when animals eat plants and animals, some of the consumed compounds are used for energy; others are converted to compounds that are suited for the consumer’s body (see B-3.6), other compounds, (such as methane and other gases) are released to the atmosphere.
· Other methods of releasing stored carbon may be:

· Combustion:  When wood or fossil fuels (which were formed from once living organisms) are burned, carbon dioxide is released into the atmosphere.

· Weathering of carbonate rocks:  Bones and shells fall to the bottom of oceans or lakes and are incorporated into sedimentary rocks such as calcium carbonate.  When sedimentary rocks weather and decompose, carbon is released into the ocean and eventually into the atmosphere.

Content Overview for Module B-6.4 cont.
Nitrogen Cycle
· Nitrogen is the critical component of amino acids which are needed to build proteins in organisms. 
· Nitrogen is found in the atmosphere as elemental nitrogen (N2), in living organisms (in the form of proteins and nucleic acids), or in organic materials that comprise soil and aquatic sediments. 

· Organisms, especially bacteria, play a major role in recycling nitrogen from one form to another in the following processes:
· Nitrogen-fixation:  Nitrogen-fixing bacteria, which are found in the soil, root nodules of plants, or aquatic ecosystems, are capable of converting elemental nitrogen found in the air or dissolved in water into the forms that are available for use by plants.

· Intake of nitrogen into the organisms:  Plants take in nitrogen through their root systems in the form of ammonia or nitrate.  Plant nitrogen then becomes available to consumers throughout a food chain. (see B-3.6)

· Decomposition:  When an organism dies, decomposers return its nitrogen to the soil.  Nitrogen in organic material such as fecal waste or sloughed off body parts is also broken down by decomposers and released into the environment.
· Denitrification:  Denitrifying bacteria break down the nitrogen compounds in the soil and release gaseous nitrogen, N2, into the atmosphere.

Content Overview for Module B-6.4 cont.
Water Cycle (Hydrologic cycle)

· Water is a necessary substance for the life processes of all living organisms.  
· Water is found in the atmosphere, on and below the surface of Earth, and in living organisms.

· The water cycle, also called the hydrologic cycle, is driven by the Sun’s heat energy, which causes water to evaporate from water reservoirs (the ocean, lakes, ponds, rivers) on Earth and also from organisms.
· Organisms play a role in recycling water from one form to another in water cycle. For example, 
· Intake of water into the organisms:  Organisms take in water and use it to perform life functions (such as photosynthesis or transport of nutrients). 
· Transpiration:  Plants release water back into the atmosphere through the process of transpiration (the evaporative loss of water from plants during photosynthesis). 
· Respiration:  All organisms metabolize food for energy and produce water as a by-product of respiration.
· Elimination:  Most organisms need water to assist with the elimination of waste products. 
Instructional Progression 

Previous and future knowledge

In 6th grade (6-4.2), students summarized the interrelationships among the dynamic processes of the water cycle (including precipitation, evaporation, transpiration, condensation, surface-water flow, and groundwater flow).  In 7th grade, students summarized how the location and movement of water on Earth’s surface through groundwater zones and surface-water drainage basins, called watersheds, are important to ecosystems and to human activities (7-4.5). 

Instructional Considerations

It is essential for students to understand the role of organisms in the biogeochemical cycles (the movement of a particular form of matter through the living and nonliving parts of an ecosystem) since Earth is a closed system and must continually cycle its essential matter.  Matter changes form, but is neither created nor destroyed; it is used over and over again in a continuous cycle.  Organisms are an important part of this cycling system.  Matter placed into biological systems is always transferred and transformed.  Matter, including carbon, nitrogen, and water, gets cycled in and out of ecosystems.

· recall or interpret the chemical reactions which occur in the cycles or recall the percentages of each resource occurring in each reservoir;

· understand the oxygen or phosphorus cycles. 
Misconceptions: Water cycle – Many students do not understand that transpiration and evaporation are not the same thing. Carbon cycle – Many students still think that plants do not respire. Teachers should remind students that plant cells have mitochondria and therefore respire, producing carbon dioxide from the glucose.
Students proficient in presentations using flipcharts or PowerPoint may prepare explanations of cycles to share with their peers.
Key Vocabulary and Concepts

Biogeochemical cycles

Carbon cycle


Nitrogen cycle: elemental nitrogen, nitrogen fixation, denitrifying bacteria
Water cycle (hydrologic cycle)

Transpiration 
Materials Needed
See Instructional Planning Guide Activity and Appendix I. 
Suggested Teaching Module B-6.4
Revised Taxonomy 2.2-B   Understand Conceptual Knowledge
There are many ways that the teacher can teach this module and the following two modules. All three are intertwined and the teacher may want to design your instruction in that manner. If the teacher choose to keep them separate, (s)he may follow the teaching suggestions that follow. 

     Introduce this module by using the ETV Streamline SC video Elements of Biology: Ecosystems: Organisms and Their Environment (Instructional Planning Guide).  Require students to list specific interactions of organisms in the biogeochemical cycles. After this students should be able to complete activity 6.4a, “Biogeochemical Cycles”; this provides opportunities for an independent or group introduction to the topic. Allow students to compare/review answers within groups or pairs and then review the answers with the class. Since the terms biotic and abiotic have already been introduced (Module 6.2) students can proceed to use the website A World of Diversity (http://library.thinkquest.org/C007506/ cycles.html) to allow the viewing of roles of biotic (and abiotic) factors in the biogeochemical cycles.  
If you have an interactive white board, you could do this as part of classroom instruction. If you have already taught Unit V – Cellular Energy, then start with the carbon cycle. The activities completed for photosynthesis and cellular respiration would provide a link for the students to the processes that recycle carbon. If you have not covered Unit V then you could start with the water cycle.  Students would be somewhat familiar with the processes in the water cycle (evaporation, precipitation, etc.) from earlier grades.  Since plants play a major role in the water cycle students should do Activity 6.4b “Determining the Amount of Transpiration from a Tree”; this lab should be started on a day during the week so that students can complete it within 24 hours. This lab emphasizes the role of humans in disrupting biogeochemical cycles.  
The nitrogen cycle should be covered last.  This cycle includes more processes; therefore, you will want students to have the less complicated carbon and water cycles already mastered. To review before testing, require students to draw and label each cycle and to write questions about organisms within the cycle. Complete a pair/share and require students to answer their partner’s questions. Monitor their questions and answers.

Extensions
Differentiation
Pre-AP students may benefit by using graphing calculators to analyze data for Activity 6.4b. Additional explanation may be given to students using the other videos suggested.
Enrichment
Websites suggested by students in Activity 6.4a may be used to further explain the biogeochemical cycles.
Interventions
Students who have difficulty in math may be placed in lab groups with others who are more proficient during Activity 6.4b.
Assessing Module B-6.4
Formative and Summative assessments

The objective of this indicator is to exemplify the role of organisms in biogeochemical cycles; therefore, the primary focus of assessment should be to give examples of the ways that organisms are involved in nutrient cycles, such as the nitrogen cycle, the carbon cycle, and the water cycle.   

In addition to exemplify, assessments may require students to

· summarize the ways that organisms are a vital part of each cycle (carbon, nitrogen, and water) in various ecosystems;

· interpret a diagram, description, or illustration of an ecosystem in order to describe how various organisms play a major role in the cycling of nutrients;

· explain the role of various organisms on the carbon, nitrogen, and water cycles.

Suggested Resources
See Instructional Planning Guide and Appendix I. 
Unit IX Ecology Teaching Module B-6.5

Instructional Focus:  Explain how ecosystems maintain themselves through naturally occurring processes (including maintaining the quality of the atmosphere, generating soils, controlling the hydrologic cycle, disposing of wastes, and recycling nutrients).
Content Overview for Module B-6.5
Ecosystem Maintenance and Biogeochemical Cycles: 
The composition of Earth’s atmosphere is mostly the result of the life processes of the organisms which inhabit Earth (past and present).  
· Plants and other photosynthetic organisms produce enough oxygen for themselves and all other organisms on Earth thereby maintaining a balance of atmospheric carbon dioxide and oxygen. 
· The oxygen that is produced through the process of photosynthesis is also responsible for the ozone layer in the atmosphere.   The ozone layer prevents much of the Sun’s ultraviolet radiation from reaching Earth’s surface and protects the biosphere from the harmful radiation.  
· The normal cycling of oxygen and carbon dioxide occurs as plants produce more oxygen through photosynthesis than they consume through respiration during the growing season.  Animals use this oxygen in cellular respiration and release carbon dioxide used by the plants in photosynthesis.  
· Nitrogen is maintained in the atmosphere through the nitrogen cycle. (see B-6.4)
· Water is maintained in the atmosphere through the water cycle. (see B-6.4)

· As water vapor condenses in the atmosphere, impurities (such as dust and particulates) are removed from the atmosphere and fall to Earth with precipitation. In this manner, the air is cleaned after a rain or snow fall.
The greenhouse effect is the normal warming effect when gases trap heat in the atmosphere. 
· Greenhouse gases (such as carbon dioxide, oxygen, methane, and water vapor) trap heat energy and maintain Earth’s temperature range. 
· Greenhouse gases limit the amount of heat escaping Earth’s atmosphere; therefore, the heat that Earth releases stays trapped under the atmosphere.
Content Overview for Module B-6.5 (cont.)

· The amount of carbon dioxide in the atmosphere is influenced by the degree to which plants and other photosynthetic organisms cover Earth and absorb carbon dioxide. 
· The amount of carbon dioxide in the atmosphere is also influenced by the degree to which oceans cover the planet.  The salt water of oceans acts as a sink for carbon dioxide, absorbing what plants do not use and converting it to various salts such as calcium carbonate.

Ecosystem Maintenance and Soil Formation:
As part of the geosphere, the soils on Earth are constantly being generated, degraded, and moved about.
· All soils are composed of four distinct components – inorganic minerals, organic matter, water, and air.  
· As the weathering of inorganic materials from wind, water, and ice and the decaying of organic materials continue, the process of soil generation continues.
· Soil erosion and deposition are natural processes that move soil from one location to another due to water, wind, ice and other agents.
· Plants promote soil formation as they decay.  Plants also limit soil erosion by holding the soil in place.  
· The presence of soil in an ecosystem allows for succession to take place.  (See Indicator B-6.3.)
Ecosystem Maintenance and the Hydrologic Cycle:
The hydrologic cycle is maintained by the energy of the Sun and the effect of weather. (See Indicator B-6.4.)
The hydrologic cycle purifies water in several ways:
· Evaporated water is pure water containing no impurities.  
· As water seeps down through the soil and rock it is physically filtered of impurities.
· As water flow slows, heavier particles of sediment settle out, leaving water to travel toward the oceans.
Ecosystem Maintenance and Waste Removal and Nutrient Cycling:
· Waste materials from organisms are decomposed by bacteria or other organisms in the soil or in aquatic ecosystems. (See Indicator B-6.4.) 
· Nutrients are cycled through an ecosystem from organisms to the environment and back through series of specific processes known as biogeochemical cycles.  (See Indicator B-6.4.)
Instructional Progression 

Previous and future knowledge

In 6th grade (6-4.2), students summarized the interrelationships among the dynamic processes of the water cycle (including precipitation, evaporation, transpiration, condensation, surface-water flow, and groundwater flow).  In 7th grade, students summarized how the location and movement of water on Earth’s surface through groundwater zones and surface-water drainage basins, called watersheds, are important to ecosystems and to human activities (7-4.5).

Instructional Considerations

It is essential for students to understand that there are natural Earth processes that help maintain the materials necessary for the organisms in the ecosystem.  The portion of Earth that is inhabited by life (the biosphere) is interconnected with other Earth systems: the atmosphere, the hydrosphere, and the geosphere.  All of these systems must interact efficiently in order for an ecosystem to be maintained.
It is not essential for students to 

· understand the processes involved in other biogeochemical cycles (other than the carbon, nitrogen, and water cycles) though it is important that students realize that there are cycles for every nutrient that is present in living organisms; 

· recognize the chemical reactions that characterize the biogeochemical cycles; 

· recognize the names and characteristics of various types of soils.

Key Vocabulary and Concepts

Atmosphere: ozone layer, greenhouse effect, sink 
Geosphere:  soil erosion, deposition

Hydrologic cycle
Materials Needed
See Instructional Planning Guide Activity and Appendix I.
Suggested Teaching Module B-6.5

Revised Taxonomy 2.7 B   Understand Conceptual Knowledge
Introduction
Activity 6.5a “Soil and/or Water Conservation Essays” (Instructional Planning Guide p. 63) may be assigned at the beginning of the module to be completed by the end of the module. Reserving the media center and/or a computer lab provides access and monitoring for those students who may not complete the research independently. Most water districts will offer this assignment as a contest with monetary prizes. 

Begin by reviewing the water cycle and if students have not viewed the ETV Streamline SC selection, Ecosystems: The Role of Abiotic Factors, that was suggested during the study of Unit IX Module 6.2, it could be shown here. Next students should visit the BioEd Online site (http://www.bioedonline .org/lessons/water-cycle.cfm) to study the water cycle and how humans interfere with it ( See Instructional Planning Guide Suggested Resources, p. 15). To illustrate the problems with human pollution of coastal ecosystems, you should use the lessons in the teacher’s guide for Bringing Back Coastal Dead Zones (http://www.actionbioscience.org/environment/howarth.html).  (See Instructional Planning Guide Suggested Resources, p. 15).  Since estuaries are an important component of the health of any marine ecosystem you may want to have students read the article The Value of Healthy Estuaries (http://www.actionbioscience.org/environment/christian.html) and discuss the importance of these natural processes (See Instructional Planning Guide Suggested Resources, p. 15).
Extensions

Enrichment
Soil & Water Conservation District Personnel may be available to speak to your classes about generation of soils and conservation biology.  
Soil essays may be used for curriculum integration with the students’ English teachers.
Assessing Module B-6.5

Formative and Summative Assessments

The objective of this indicator is to explain how ecosystems are maintained through natural processes; therefore, the primary focus of assessment should be to construct a cause-and-effect model showing how natural processes including biogeochemical cycles, soil formation, the hydrological cycle, and waste removal and nutrient cycling maintain ecosystems.
In addition to explain, assessments may require students to
· summarize how various aspects of an ecosystem are naturally maintained (biogeochemical cycles, soil formation, the hydrological cycle, and waste removal and nutrient cycling);
· interpret diagrams, charts, tables, and graphs in order to describe how natural processes maintain balance in an ecosystem;

· exemplify various natural processes that ensure the quality of the atmosphere, the generation of soils, the control of the water cycle, the disposal of wastes, and the recycling of nutrients.

Suggested Resources
See Instructional Planning Guide and Appendix I.
Unit IX Ecology Teaching Module B-6.6

Instructional Focus: Explain how human activities (including population growth, technology, and consumption of resources) affect the physical and chemical cycles and processes of Earth.
Content Overview for Module B-6.6

The carrying capacity of an environment is defined as the maximum population size that can be supported long-term by the available resources. 
· Various factors (such as energy, water, oxygen, and nutrients) determine the carrying capacity of Earth for the human population.  
In order for a population to be able to survive in its environment indefinitely, it must not exhaust the resources necessary for the population’s survival (sustainability).  In order for humans to survive indefinitely (to live sustainably), the use of resources must not outstrip the availability of those resources.  Factors that affect the sustainability of humans include: 

Population Growth

· Population growth world-wide has grown exponentially.  Based on current trends, scientists predict that the population will continue to grow at a rapid rate until the human population nears its carrying capacity.
· The natural slowing of population growth as it nears Earth’s carrying capacity may be due to an increase in the death rate and/or a decrease in the birth rate as a result of:

· Food and water shortages

· Pollution of the environment

· Spread of diseases
· An increasing population can have an effect on the amount of available clean water.  

· If clean water is being depleted at a greater rate than it can be purified, it is not considered renewable in our lifetime.
· An increasing population can have an effect on the amount of waste that is produced. 

· Although there are mechanisms in place to control the disposal of some waste products, more waste may be produced than can be managed effectively. 

· Some waste products require complicated and costly means for removal once they are introduced into the environment.
Content Overview for Module B-6.6 cont.

· An increasing population can have an effect on the amount of available fertile soil for agriculture thus affecting food resources.    
· Soil is often lost when land is cleared, making the land unsuitable for agriculture.
· Worldwide demand for land (for agriculture or habitation) has led to deforestation.  

· As forests are cut down, there are fewer trees to absorb atmospheric carbon dioxide.  An increase in atmospheric carbon dioxide may contribute to global warming by preventing heat from radiating back into space (see B-6.5). 
· Deforestation can increase the rate of erosion (both wind and water) and decrease the rate of soil generation(see B-6.5).
· Human population growth has depleted the amount of fertile soil, clean water and available land in many areas of the world.  When these resources become scarce, many natural processes (such as the water cycle, the carbon cycle, the nitrogen cycle, and the physical process of soil regeneration) are affected.

Technology 
Different types of technology have applied scientific knowledge in order to either find solutions to problems or develop products to help meet the needs of humans.  Although many technological innovations have benefited humankind, some have also contributed to the pollution of the air, water, and land.  For sustainability, humans depend on technology to provide cleaner energy sources, safer ways to deal with waste, and better methods for cleaning up pollution.  Technological advances in agriculture, industry, and energy can have a positive and/or negative impact on Earth’s biosphere.   

Agricultural technology
· Advances in agricultural methodology, tools, and biotechnology have improved the ability to grow crops to sustain a growing world population. 

· Sustainable agricultural practices, such as composting, can help conserve fertile soil and reduce soil erosion.   

· Farm machinery (such as tractors and combines) uses nonrenewable resources and can contribute to pollution. 

· The addition of substances (such as fertilizers, pesticides, fungicides, or livestock waste) to the environment can alter the composition of soil and can have a positive and/or negative effect on the water, carbon or nitrogen cycles. 

Content Overview for Module B-6.6 cont.

Industrial technology
· Advances in industrial technology have changed the world and have lead to developments in communication, transportation, and industry. 
· Certain chemicals, such as CFCs (chlorofluorohydrocarbons), may have contributed to the depletion of the ozone layer.  The ozone layer reduces the amount of ultraviolet rays from striking the Earth’s surface; a reduction in ozone layer could result in increased ultraviolet rays reaching Earth.  CFCs are used in producing foam packing materials, for cleaning electrical components, and refrigeration chemicals (Freon).
· Technological advances have revolutionized the communication industry; however, the disposal of outdated or damaged equipment is becoming an increasing concern. 
· The burning of fossil fuels for industry and transportation increases sustainability of the growing human population; however, it may also: 

· increase the greenhouse gases released in the atmosphere (mainly carbon dioxide) which could affect atmospheric composition and  increase global temperatures (global warming) (see B-6.5).
· produces acid rain (pollutants in the air combining with water to cause the normal water pH to be lowered)

· Acid rain decreases the pH of the soil and can leach nutrients from soils or destroy plant life.

· Acid rain changes the pH of aquatic ecosystems and therefore may affect the types of organisms that can survive there.

Alternative energy technology
· Using natural renewable energy sources (such as wind, water, geothermal, or solar energy) decreases the burning of fossil fuels, which potentially improves the quality of the atmosphere and the cycles involved.
· Using nuclear energy technology provides an alternative energy source that does not impact the atmosphere. However, the waste produced from nuclear energy use is becoming an increasing concern. 
Content Overview for Module B-6.6 cont.

Consumption of Resources
· As the population increases and technology expands, the demand for natural resources also increases.  However, there is a limited supply of these resources available to sustain the human population. 
· Some resources (such as food, clean water, and timber) are considered renewable resources, those that can be produced at roughly the same rate that they are consumed.  

· Renewable resources have factors that limit their production, for example the amount of grain that can be produced is limited by the amount of land available for farming, fertility of the land, productivity of the grain, and/or availability of clean water.
· Other resources, such as fossil fuels, are nonrenewable resources, those that cannot be produced at the same rate that they are consumed.  For example,  

· The demand for minerals, metals, and ores increases because these strategic materials are vital to industry but are decreasing in availability. 

· Minerals are regarded as nonrenewable because mineral deposits that can be extracted economically are formed so slowly by geological processes that their formation as a means of replacing what we are using is of no practical use to us.
· Sustainable use of resources can be accomplished by reducing consumption, reusing products rather than disposing of them, or recycling waste to protect the environment.

Instructional Progression 

Previous and future knowledge

In 5th grade (5-3.6), students explained how human activity (including conservation efforts and pollution) has affected the land and the oceans of Earth.  In 7th grade (7-4.6), students classified resources as renewable or nonrenewable and explained the implications of their depletion and the importance of conservation.
Instructional Considerations

It is essential for students to understand that humans play a role in ecosystems and biogeochemical cycles.  People depend on the resources and biogeochemical cycles of Earth to provide clean water, breathable air, and soil that is capable of supporting crops.  Human activities, including population growth, technology, and consumption of resources, can affect the cycles and processes of Earth.  

It is not essential for students to know the chemicals involved in acid rain or human impact and threats to biodiversity (biological magnification, eutrophication, extinction rates).  

· illustrate ways that the biogeochemical cycles and processes of Earth have been altered by human activities;

· infer the future effect of human activities on the biogeochemical cycles and processes of Earth based on current trends. 

Key Vocabulary and Concepts

Carrying capacity

Sustainability: population growth, technology, consumption of resources

Technology: agricultural, industrial, alternative energy

Resources: renewable, nonrenewable

Materials Needed
See Instructional Planning Guide Activity and Appendix I.
Suggested Teaching Module B-6.6
Revised Taxonomy 2.7-B    Understand Conceptual Knowledge
Introduce the lesson by reading The Lorax to the class. (Teachers may choose to use a guest reader.) Students should complete activity 6.6f, The Lorax Book reading guide. Students need to begin one of the air pollution lab activities (Activity 6.6b “Air Pollution Lab” or Activity 6.6c ”Air Pollution with Petri Dishes” in the Instructional Planning Guide) within the first day or two of study (only one of the lab activities provided is necessary). After students have set up the lab, lead a class discussion with the students generating a list of environmental issues that have been created by humans. Begin one acid rain lab activity (Activity 6.6a ”Observing the Effects of Acid Rain” or Activity 6.6d ”Observing the Effects of Acid Rain”).  It is possible to begin this lab on the same day that you begin Activity 6.6e “Testing Soil for pH”. The remaining activities in the module can be used as you see fit.  
Suggested Teaching Module B-6.6 cont.

Activity 6.6i “Nobody Never Dies:  Overpopulation – Leading to Death?” encourages students to examine ultimate consequences of overpopulation. It may be used in conjunction with Activity 6.6h “The Power of the Pyramids”. 
Activity 6.6j Environmental Topics Brochure or Activity 6.6k ”To Develop or Not to Develop” may serve as culminating activities for Unit IX or Standard 6.  Activity 6.6j involves research and student group creation of a brochure. Activity 6.6k is an extensive ongoing research project; you may want to assign it at the beginning of Unit IX so that it is completed by the time you have finished teaching this module.
Extensions

Differentiation

Activity 6.6k may be altered.

Gifted and talented students could extend the lesson to develop visual food webs of island inhabitants for the beach, estuaries, and the maritime forests. 

Students who exhibit exceptional technological skills could develop the PowerPoint presentations.
Enrichment

The US EPA web site (http://www.epa.gov/climatechange/wycd/calculator/ ind_calculator.html) allows students to determine how their households contribute to greenhouse gas emissions.
Assessing Module B-6.6

Formative and Summative assessments

The objective of this indicator is to explain how human activities affect the physical and chemical cycles and processes of Earth; therefore, the primary focus of assessment should be to construct cause-and-effect models of how human population growth, technology, and consumption of resources can influence the biogeochemical cycles and processes of Earth. 

In addition to explain, assessments may require students to

· interpret diagrams, charts, tables, and graphs in order to describe how human activities affect the biogeochemical cycles and process of Earth;

· summarize how various human activities affect the biogeochemical cycles and processes of Earth

Suggested Resources
See Instructional Planning Guide and Appendix I. 
Appendix I Unit IX Materials
(per group)

Activity 6.1a- The Predator-Prey Simulation:  Lynx and Rabbits


One 7.5 cm cardboard square


250- 2.5 cm construction paper squares (rabbits)


Masking tape

Activity 3.6e –Salt Marsh(mallow) Energy Flow


100 miniature marshmallows


1 large plastic cup or beaker

1 Plastic knife


Paper towels

Activity 6.3a- Observing Succession


250 mL beaker


Soil


Grass clippings


Dried leaves


Aged water



Coverslips


Slides


Dropper


Microscope

Activity 6.3b- Creating Succession Models


1 8 oz jar with lid


100-150 mL milk


pH strips

Activity 6.4b –Determining the Amount of Transpiration from a Tree


5 leaves with petioles attached


50-100mL beaker


Spring water


Parafilm or plastic wrap


Graph paper
Appendix I Unit IX Materials
Activity 6.6a- Observing the Effects of Acid Rain

Part A 

5 lima beans soaked in water

5 lima beans soaked in a vinegar water mixture


5 lima beans soaked in vinegar


3 locking plastic bags


Permanent marker


3 paper towels

Part B


2 clean pennies


Plastic cup


Plastic wrap


Vinegar


Small piece of wire


1 paper towel


Salt


Rubber band

Activity 6.6b- Air Pollution Lab


3x5 index card


Ruler


Marker


Tongue depressor


Petroleum jelly

Activity 6.6c –Air Pollution Using Petri Dishes


Petri dish


Petroleum jelly


Permanent marker

Activity 6.6d-Observing the Effects of Acid Rain


6 bean seeds


Pipette


Paper towel


pH paper


Permanent marker


10 mL graduated cylinder


Dilute sulfuric acid


Petri dish

Activity 6.6e-Testing Soil for pH


Agar


250 mL beaker


Distilled water


Graduated cylinder


Balance


pH meter/pH paper
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