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Grade 7 Instructional Segment 4 Vignette:  

Ecosystems Services and Biodiversity in California Ecosystems 
The vignette presents an example of how teaching and learning may look in a 7th-

Grade classroom when the CA NGSS are implemented. The purpose is to illustrate 

how a teacher engages students in three-dimensional learning by providing them with 

experiences and opportunities to develop and use the Science and Engineering 

Practices and the Crosscutting Concepts to understand the Disciplinary Core Ideas 

associated with the topic in the instructional segment. 

The vignette focuses on only a limited number of performance expectations. It should 

not be viewed as showing all instruction necessary to prepare students to fully achieve 

these performance expectations or complete the instructional segment. Neither does it 

indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply 

that this is the only way or the best way in which students are able to achieve the 

indicated performance expectations. Rather, the vignette highlights examples of 

teaching strategies, organization of the lesson structure, and possible students’ 

responses. Also, science instruction should take into account that student 

understanding builds over time and that some topics or ideas require activating prior 

knowledge and extend that knowledge by revisiting it throughout the course of a year. 

In the first series of lessons, Mr. R. has chosen to focus on: 

• the “ecosystems services” that sustain an ecosystem and help humans; 
• how changes to physical and biological components of ecosystems affect 

populations and thereby influence biodiversity; and 
• how people can design solutions to help maintain biodiversity and reduce the 

damaging impacts of human activities on ecosystems. 

Mr. R has decided to begin this instructional segment with materials from a California 

EEI Curriculum unit, Responding to Environmental Change, and three EEI maps: 

Natural Regions, Political, and Biological Diversity. 

The day after students had visited a local nature center, they discussed in teams the 

ecosystems that they had seen. These had included a wetland, a grassy meadow, a 
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river, and a forested area. For each ecosystem, they listed the plants and animals they 

had seen. 

After sharing their lists as part of a whole class discussion, several students mentioned 

that the part of the visit they most enjoyed was learning about the “natural 

processes” (e.g., carbon, nitrogen, oxygen, and water cycles) that are important to the 

functioning of these ecosystems. Other students said that they hadn’t previously been 

aware of the idea of “ecosystem services,” which they had learned about from the 

naturalist. They had not considered pollination, decomposition, or erosion control as a 

service from the ecosystem that directly benefits humans. Mr. R posted in their Word 

Chart area the definition from the EEI Curriculum, “Ecosystems services: The functions 

and processes that occur in natural systems, such as pollination, that support or 

produce ecosystem goods and help sustain human life, economies, and cultures.” 

Following the discussion of ecosystem services, another team began expressing their 

concerns about the health of these ecosystems. Their naturalist guide had taken them 

to visit areas at the site where they saw signs of human activities. They had also briefly 

discussed both the causes and effects, including: a road by the side of the wetland 

that seemed to have caused erosion; and another location which it seemed that local 

people were using as a dump. One student put these ideas together and predicted that 

if people change an ecosystem, then some of the ecosystem services might be lost. 

Several students reminded the class that the naturalist had also pointed out some areas 

where habitat was being restored to more “natural” conditions. 

!
Many students began to talk about working on a habitat restoration project. Mr. R 

explained that to be effective with habitat restoration they needed to learn more about 

the ecosystems. He asked the class, “How would we begin a scientific study of our local 

ecosystems so we learn enough to work on a restoration?” Students responded that the 

best way to begin an investigation was to ask scientific questions. Following up on 

these comments, students began writing questions about local ecosystems at the 

nature center or that they had experienced in other ways. Soon the teams had 

numerous questions to share so they began posting them on their team flipcharts. While 
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the teams were writing their questions, Mr. R visited and guided their discussions, as 

needed. 

!
With all the questions posted, Mr. R asked the students if they noticed any patterns 

among the questions. Several pointed out that some of the questions seemed to focus 

on the plants and animals, and others were more focused on things like the soil, rocks, 

water, and other parts of the physical surroundings. Mr. R asked the students to return 

to their flipcharts and put a big P next to questions that involved physical components 

and a big B next those that involved the biological components of ecosystems. 

!
Returning to the students’ concerns about the effect of human activities on the local 

ecosystems, Mr. R decided to initiate a discussion related to California Environmental 

Principle II: The long-term functioning and health of terrestrial, freshwater, coastal and 

marine ecosystems are influenced by their relationships with human societies. He 

suggested that the teams think about some additional questions that would help them 

learn how human activities were affecting the functioning and health of ecosystems. 

!
The class and Mr. R had been talking about the difference between conducting an 

investigation that someone else had created compared with designing, planning and 

conducting your own investigation. Students reminded Mr. R about that discussion, and 

said that wanted to design their ecosystem investigation. With student teams standing 

near their charts, each team shared one or two of their questions. He mentioned that 

the class would have the opportunity to vote on which questions they wanted to 

investigate. Mr. R then reminded students to think about the question scaffolding 

process they had learned about in their English-language arts class, making sure that, 

that when put all together, their questions and data should help them better understand 

populations and biodiversity, the physical and biological components of ecosystems, 

and how ecosystems are affected by human activities. 

The class continued to discuss which questions would be best and soon realized that 

they would need data to compare the disturbed ecosystem they wanted to restore with a 

more natural example of that same ecosystem. The students pointed out that this 
!
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process would help them plan how their restoration work might mitigate the effects of 

human activities at their study sites. Following much discussion, the students selected 

five questions for their class investigation, including: 

What plants and animals live in the disturbed and undisturbed ecosystem study 
sites? 

What are the physical and biological components of the two study sites? 

What natural processes and ecosystem services in the two study sites support 
the ecosystems? 

What natural processes and ecosystem services in the two study sites help 
humans? 

What human activities are occurring in the two study sites? !
Mr. R. posted both the Natural Regions map and the Political map side-by-side on the 

wall. A student put a pin at the school’s location on the Political map. Another student 

then put a pin at the location of the school on the Natural Regions map. Using the map 

key, the students determined in which natural region their school is located. Another 

student identified some of the plants and animals found in their region. Students eagerly 

shared names of plants and animals that they had seen that matched what the map 

indicated. 

!
The students asked Mr. R if he could arrange for the class to conduct their investigation 

at the nearby nature center so that they could visit it with enough time to collect all the 

data they wanted and eventually develop their own habitat restoration project. They 

knew that Mr. R had a close relationship with the staff of the nature center. He knew that 

the nature center director wanted to get more involved with schools and the community. 

When he shared the scientific questions that the students had developed and were 

seeking to answer during their investigation, the nature center director agreed to allow 

the class to work there and even offered to support the students with some of his staff 

and resource materials. 

Mr. R recognized during the class discussions that the students needed to have a 

deeper understanding of how changes to the physical and biological components of an 

ecosystem can affect populations. Some students were not familiar with that term, so 

!
  Page !  of !  4 21



one student posted a definition: “Population: The number of individuals of a species in 

an area.” 

Mr. R organized a lesson about “The Coyote Success Story” from the EEI Responding 

to Environmental Change curriculum unit. After distributing copies of the informational 

text, Mr. R explained that, while reading, the students should highlight examples of 

changes to the physical and biological components of the coyote’s environment and 

identify how the coyotes’ population changed in response. He also asked them to think 

about what happened to other species in these ecosystems. 

Once they finished reading, the students reported what they had learned. For example, 

some students mentioned that coyotes: are related to wolves and foxes; are some of 

the most adaptable mammals in North America; live in residential neighborhoods, 

outskirts of cities, and rural areas; coyote populations boomed when the human 

population boomed after World War II. Others pointed out that, as a result of human 

activities, there have been many changes to the ecosystems where coyotes and other 

animals live. One student mentioned that he had noticed an example of an ecosystem 

service that the coyotes provide humans—they kill rodents and they control the 

population of smaller predators. 

Mr. R had selected the story about coyotes because he wanted to challenge the 

students’ thinking, helping them realize that not all changes to ecosystems are 

detrimental to all species and populations. In order to help students recognize this idea, 

he challenged them with two questions first, “How and why did the coyote population 

change in response to the effects of human activities on their ecosystems?” (The coyote 

population increased because they can eat many different kinds of foods and they can 

survive in a wide variety of ecosystems.) Secondly, he asked, “How and why did the 

population of other species in these ecosystems change in comparison to 

coyotes?” (The population of some other species decreased because they could not 

survive the effects of human development.) 

!
The following day, Mr. R started a class discussion by asking students to think about the 

types of data they would need to answer the questions they developed the previous 
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day. The students regrouped into their teams and began a discussion. Following the 

discussion, each team reported their ideas and Mr. R recorded them on a flipchart. 

There were many interesting ideas shared by the teams, but before asking them to vote 

on which data to collect, Mr. R reminded them that they should focus on collecting data 

that would help them answer their questions. He also, mentioned that there was limited 

time for the study and they should be realistic about what information they could gather. 

!
Once the students decided on the data they needed to gather they summarized their 

plans for collecting data at both the disturbed and undisturbed study sites as follows: 

!
• one-half of the students spending the morning gathering data in the undisturbed 

study site and the other half at the disturbed site, then trading off in the afternoon; 

• using a form based on the nature center’s drawings and checklists of plants and 
animals, and adding a column for the number of each plant and animal they 
observed; and, 

• creating two simple data sheets with two columns each for collecting data on 
each study site, with space for gathering the specific information needed. 
Including some sample answers (Figure 17) 

!!
Sample Data Sheets 

Undisturbed Ecosystem

Biological Components 
Observed 
Trees, shrubs, vines, grasses, 
worms, insects, six species of 
birds, two species of mammals, 
nests, animal burrows, 
decomposing tree trunks, etc.

Physical Components Observed 
Clear water in the creek, water 
flowing in the creek, sunlight, 
rocks, soil, sand, shady areas, etc.

Natural Processes 
Water flowing through the area as 
part of the water cycle 
Trees and small plants gathering 
sunlight and producing nutrients 
for animals

Ecosystem Services 
Bees pollinating plants 
Grasses and trees holding the soil 
and stopping erosion 
Predators controlling the 
population of mice 
Water purification 
Decomposition and recycling of 
nutrients
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Figure 17: Sample data sheets based on undisturbed and disturbed ecosystems. 
(Courtesy of Dr. Gerald Lieberman) 
Prior to the visit to the nature center Mr. R and the center staff reviewed the students’ 

data collection questions and recording instruments. He asked the staff to identify two 

examples of a particular ecosystem, one relatively undisturbed and another 

substantially disturbed by human activities. The staff met this criterion by locating two 

forested areas, one which had not been cut in over 150 years and another that was cut 

10 years prior. They designated these sites as the areas where the student teams would 

focus their investigations. 

!
At the nature center before the teams went out to collect data, the nature center director 

explained the rules for visiting and conducting their investigations. Parent volunteers 

and school aids accompanied and assisted each team during their investigations. After 

Human Activities 
Hiking 
Bird watching 
Picnicking

Effects on the Ecosystem 
Hiking path caused erosion 
Holes from signs along the trail 
Litter and waste bins

Disturbed Ecosystem

Biological Components 
Observed 
Grasses, worms, insects, one 
species of birds, one species of 
mammals, animal burrows, 
decomposing tree trunks, etc.

Physical Components Observed 
Muddy water in the pond, dry 
creek bed, sunlight, rocks, soil, 
eroded hillside, large sandy area, 
etc.

Natural Processes 
Water flowing through the area as 
part of the water cycle 
Small plants gathering sunlight 
and producing nutrients for 
animals

Ecosystem Services 
Bees pollinating plants 
Grasses holding the soil and 
stopping erosion 
Decomposition

Human Activities 
Building a dirt road through the 
area 
Cutting of most trees 
Dumping of waste and littering

Effects on the Ecosystem 
Erosion along the road 
Hot and sunny in most of the area 
Few trees 
Very few animal homes 
Accumulating litter
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the introduction, the “young scientists” broke off into their teams to begin their 

investigations. Following their naturalist guides, the teams hiked to their assigned 

locations, carrying their data recording forms, clipboards, paper and writing tools, 

cameras, and binoculars. The teams had 90 minutes to gather data at their morning 

study site, making observations, jotting notes on their forms, taking photographs, and 

drawing maps. When their time in the field was over, the student teams returned to the 

nature center where they had 30 minutes to finish making notes on their forms. After a 

lunch break, the teams repeated this process focusing their investigations on the other 

study site. At the end of the day, with their forms complete for both the disturbed and 

undisturbed ecosystems, the students returned to school. (Note: Using this team-based 

data collection strategy resulted in everybody in the class participating in collecting 

empirical evidence. This process gave students of all ability levels an opportunity to 

make a meaningful contribution to the investigation.) 

!
The following day Mr. R kicked off a class discussion by asking students to share their 

initial ideas about how the disturbed area compared to the undisturbed study site. They 

mentioned that the undisturbed area looked healthier than the disturbed area, because 

in the disturbed area “there were fewer plants and animals,” “the water in the pond was 

muddier,” “weeds were more common,” “soil had eroded at the side of the road,” and “it 

was hotter because so many trees had been cut down.” 

Mr. R took this discussion as an opportunity to focus attention on the crosscutting 

concept of stability and change, as well as helping students further develop their 

understanding of California Environmental Principle IV Concept c, “the capacity of 

natural systems to adjust to human-caused alterations depends on the nature of the 

system as well as the scope, scale, and duration of the activity and the nature of its 

byproducts.” He decided to use Lesson 5, “Human-Caused Change in Ecosystems”, 

from EEI Curriculum unit, Responding to Environmental Change to focus the students 

on this topic. In this lesson students read about three California ecosystems and located 

them on a Biological Diversity map. 

!
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Several students mentioned that they didn’t understand the term “biodiversity” so Mr. R 

asked the class to break the word apart. One student guessed that “bio” referred to the 

word “biology,” the study of living things. Another said she was familiar with the term 

“diversity” and it refers to having many different types in a group like, a classroom with 

students from many cultures. Mr. R explained that the term “biodiversity” combines 

these two ideas. He then posted and had one of the students read the definition from 

the EEI Curriculum, “Biodiversity: A measure of the number of different species of 

organisms in a specific area.” 

!
Students then prepared for playing the Changes in Ecosystems board game by reading 

about several threatened California ecosystems and locating them on the Biodiversity 

map. Using the informational text, they played and answered questions about how 

human activities in California caused and resulted in changes to ecosystems. This 

provided students the background they needed to analyze their data about human 

activities and prepared them for more in-depth discussions. 

!
Mr. R asked the students to think about how they could analyze and interpret the data 

from their investigation. Several students brought up the idea of using a Venn diagram 

to compare the data they had collected from the disturbed and undisturbed study sites 

for each of their five questions. After further class discussion the students designed an 

analysis tool and then made one for each of the questions (Figure 18). 

!
Venn Diagram Templates 

 

!
!
!
!
!
!
!
!
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For example: 
Natural 
Processes and 
Ecosystem 
Services that 
Support the 



!!!!
Figure 18: Venn Diagram templates for comparing undisturbed and disturbed areas. 
(Courtesy of Dr. Gerald Lieberman). !
Each student in a team completed the Venn diagram for one of their five original 

questions. This process resulted in each team having a complete set that they could 

share and use for further analysis. 

During the next class session, Mr. R explained that working in teams they would use 

their Venn diagrams to compare and interpret their data from the disturbed and 

undisturbed study sites to provide evidence related to the following statements: 
• some kinds of organisms survive well, some survive less well, and some cannot 

survive at all after human activities change an ecosystem; and 
• changes to ecosystems which affect populations and biodiversity can influence 

humans’ resources, such as food, energy, and medicines, as well as ecosystem 
services that humans rely on—for example, water purification and recycling. 

Each team had a piece of flipchart paper on which to list their evidence and write 

responses to the statements above. Two of the teams asked to share their evidence 

and conclusions. 

By the end of the team presentations, Mr. R noticed a great deal of excitement among 

the students. Some mentioned that, having seen the disturbed ecosystem and learned 

how the disturbance affected the plant and animal populations, they were becoming 

concerned about how human disturbances affect biodiversity. They wondered out loud if 

there was anything they could do about this problem. One of the students suggested 

that they could contact staff at the nature center to find out how they could help. Another 

student mentioned that her parents were active members of a local conservation group. 

Yet, another suggested that they could contact the biology department at the local 

college. 

Various students offered to contact individuals from these different groups and 

organizations. Mr. R suggested that they might want to invite these local experts to 

come to class and guide the students in identifying a project where they could work 
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together as a class to apply what they had been learning to a local problem, perhaps 

even the habitat damage they had seen at the nature center. 

The following week, representatives from the local natural history museum, nature 

center, and watershed management agency, arrived at the school to join in a student-

led discussion of local biodiversity issues. At first, the students reported to the guests 

about their observations at the nature center and shared their conclusion. The local 

experts brought up several similar issues, but mentioned that there were some 

significant problems in a particular wetland in the nearby San Francisco Bay. Much to 

Mr. R’s surprise, the environmental experts challenged the students to get involved in 

studying the area and designing solutions for maintaining biodiversity and ecosystem 

services in this small part of the bay. The students and Mr. R simply couldn’t pass up 

this exciting challenge. By the end of the meeting, working with the local experts the 

students began identifying next steps. They laid out a simple plan that involved 10 

steps: 

1. Visit the wetland to learn more about its overall biodiversity, and the plants and 

animals that live there. 

2. Identify the major physical and biological components of the wetland. 

3. Describe the natural processes and cycles (patterns) that occur in the wetland 

and the ecosystem services they provide. 

4. Determine which of the services support the ecosystem itself and which benefit 

humans. 

5. Investigate the wetland site for signs of human disturbances and determine which 

were caused by human activities and how those changes influenced the plants 

and animals living there (cause and effect, stability and change). 

6. Define the design problem associated with maintaining the health of the 

wetland. 

7. Design engineering solutions to reduce the problems. 

8. Establish criteria to evaluate competing design solutions and try to optimize 

them. 

9. Conduct small-scale tests to evaluate their competing design solutions. 
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10.Analyze and interpret data from their tests to identify the best characteristics of 

each proposed solution that can be combined into a new solution to better meet 

the criteria for success. 

!
Over the next several weeks, with guidance from scientists from the college and nature 

center the students began implementing their 10-step plan. They visited the wetland on 

several occasions, following the same data gathering steps they had used when they 

investigated the ecosystems at the nature center, e.g., identifying the plants and 

animals, and the major physical and biological components of the ecosystem. The 

students, with the help of one of the college professors, created a system model of the 

wetland which included graphs with population data about locally endangered species 

and showed connections to the natural processes and cycles that they observed. The 

model identified ecosystem services as outputs from the wetland and indicated how 

those services benefited the ecosystem itself and the local community. They used 

diagrams as part of their systems map to indicate how human disturbances and 

activities influenced the plants and animals living in the wetland. 

Having completed the first five steps of their plan, the students started analyzing their 

data to answer more of their own questions, including: “What activities were most 

harmful to the wetland?”, “Which of these activities could they have any control over 

directly (e.g., pollution from school or home)?”, “Which issues could they only influence 

indirectly by working with the local community, businesses, and government agencies?”, 

and ultimately, “How could they make a significant difference and help to sustain the 

biodiversity and ecosystem services in the wetland?” 

They used the results of their analysis to state their design problem, “reduce the effects 

of human activities on biodiversity and ecosystem services in the wetland.” With this as 

the focus, they began to design different engineering solutions that would help reduce 

the effects of human activities at the wetland. 

As the students began to consider criteria for evaluating their competing design 

solutions they discussed several other considerations, including: indicators of success; 

additional information they needed in order to make wise decisions; how much time it 
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would take to implement their plan; who could help them implement their plans; and, 

how they could inform their peers and community decision makers about threats to local 

biodiversity and the importance of the ecosystem services wetland provided to their 

community. 

Ultimately, the students divided themselves into two groups, a “Wetland Teaching Team” 

(WTT) that wanted to share what they had learned with others and a “Restoration 

Challenge Team” (RCT) group that wanted to get directly involved with a habitat 

restoration project in the wetland. Each group wanted to see how effective their plan 

would be so they developed criteria for measuring their success. The WTT members 

decided to measure their results by counting the numbers of different audiences that 

they presented to. The RCT members decided to count the number of wetland plants 

they were able to plant in a damaged part of the wetland. They planned to compare 

their results after completing their work in six weeks. 

Mr. R offered to act as an advisor to the WTT, but suggested that the RCT might want to 

ask somebody experienced with restoration work should advise them. His advice to the 

WTT included presenting their empirical evidence about the changes to physical or 

biological components of the wetland and how those changes affected populations of 

plants and animals. The students had already decided to identify, describe, and quantify 

the human disturbances they had observed in the wetland. Mr. R suggested that they 

might also want to describe patterns they found in their data. The students thought 

that the audience would need something to take away with them and decided to create 

an informational brochure about the importance of the wetland to the people and the 

community. 

The WTT developed a three-part presentation about their investigation and conclusions 

about the wetland work. They asked to make a presentation to the other seventh-grade 

students at the school and did such a good job that the principal invited them to present 

at an assembly. One of the student’s mothers was on the city council and so the WWT 

was invited to make a presentation to the council. The interest and excitement about 

their work grew and they received invitations to speak to the PTA, several local services 

clubs, and finally at the nature center. By the end of their six-week service-learning 
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project, the WTT had presented to over 650 people including other students and 

community members. 

The RCT contacted one of the scientists who had helped them plan their investigation to 

guide them with their restoration work. Meeting with their scientific advisor at the 

wetland site two times allowed the students to develop a specific plan for which species 

of plants they would use, exactly where they should plant, and how they would care for 

and monitor their plantings. As they worked through their planning, the students decided 

on six species of plants that they could readily obtain, plant, and easily care for. The 

wetland managers identified a 100 square meter area where the RCT could go to do 

their restoration project. By the end of their six-week restoration project, the RCT had 

planted over 4,000 young plants, 95% of their plants survived the first heavy storm, 

convincing the students that their work had, at least initially, been successful. 

After seven weeks, when both teams had finished their projects, Mr. R gave them class 

time to share their results and discuss both their successes and the challenges they had 

faced. After the students had completed their presentations, he reminded them of the 

criteria they had established and asked them to think about what they had 

accomplished. That was when it dawned on the students that both of their projects had 

been successful; however it wasn’t realistic to compare the results of their very 

distinctive projects. 

In subsequent lessons, Mr. R had plans to use similar strategies for active science 

learning through which his students could further explore the short- and long-term 

natural processes and human activities that change Earth’s surface, as well as how 

people can predict and mitigate those changes.  

!
NGSS Connections in the Vignette 

Performance Expectations
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MS-LS2-4. Ecosystems:  Interactions, Energy, and Dynamics 
Construct an argument supported by empirical evidence that changes to physical or 

biological components of an ecosystem affect populations. 

MS-LS2-5. Ecosystems:  Interactions, Energy, and Dynamics 
Evaluate competing design solutions for maintaining biodiversity and ecosystem 

services.* 

MS-ETS1-1. Engineering Design 
Define the criteria and constraints of a design problem with sufficient precision to 

ensure a successful solution, taking into account relevant scientific principles and 

potential impacts on people and the natural environment that may limit solutions. 

Science and engineering 
practices

Disciplinary core ideas Crosscutting concepts
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Engaging in Argument 
from Evidence 
Construct an oral and 
written argument 
supported by empirical 
evidence and scientific 
reasoning to support or 
refute an explanation or a 
model for a phenomenon 
or a solution to a problem. !
Evaluate competing design 
solutions based on jointly 
developed and agreed-
upon design criteria. !
Asking Questions and 
Defining Problems 
Define a design problem 
that can be solved through 
the development of an 
object, tool, process or 
system and includes 
multiple criteria and 
constraints, including 
scientific knowledge that 
may limit possible 
solutions. !
Developing and Using 
Models 
Develop a model to predict 
and/or describe 
phenomena.

LS4.C Adaptation 
For any particular 
environment, some kinds 
of organisms survive well, 
some survive less well, 
and some cannot survive 
at all. !
LS2.C: Ecosystem 
Dynamics, Functioning 
and Resilience 
Biodiversity describes the 
variety of species found in 
Earth’s terrestrial and 
oceanic ecosystems. The 
completeness or integrity 
of an ecosystem’s 
biodiversity is often used 
as a measure of its health. !
LS4.D: Biodiversity and 
Humans 
Changes in biodiversity 
can influence humans’ 
resources, such as food, 
energy, and medicines, as 
well as ecosystem services 
that humans rely on—for 
example, water purification 
and recycling. !
ETS1.A: Defining and 
Delimiting Engineering 
Problems 
The more precisely a 
design task’s criteria and 
constraints can be defined, 
the more likely it is that the 
designed solution will be 
successful. Specification of 
constraints includes 
consideration of scientific 
principles and other 
relevant knowledge that 
are likely to limit possible 

Patterns 
Patterns can be used to 
identify cause-and-effect 
relationships. !
Cause and Effect 
Cause-and-effect 
relationships may be used 
to predict phenomena in 
natural or designed 
systems. !
Stability and Change 
Small changes in one part 
of a system might cause 
large changes in another 
part.
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Instructional Segment 4 Teacher Background and Instructional Suggestions: 
Instructional Segment 4 is titled, “Sustaining biodiversity and ecosystem services in a 

changing world.” Building on integrated science concepts and practices that they have 

learned in the prior three Instructional Segments, students apply and deepen their 

understandings by exploring societal challenges and designing solutions for those 

challenges. 

Natural resources and ecosystems provide the materials that human communities need. 

Phrases such as “the Stone Age,” “hunter/gatherers,” ‘the Bronze Age,” “Agricultural 

California’s Environmental Principles and Concepts

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

Concept a. Direct and indirect changes to natural systems due to the growth of 
human populations and their consumption rates influence the geographic extent, 
composition, biological diversity, and viability of natural systems. 
Concept c. The expansion and operation of human communities influences the 
geographic extent, composition, biological diversity, and viability of natural 
systems. !

Principle IV: The exchange of matter between natural systems and human societies 
affects the long-term functioning of both. !

Concept c. the capacity of natural systems to adjust to human-caused alterations 
depends on the nature of the system as well as the scope, scale, and duration of 
the activity and the nature of its byproducts. !

Principle V: Decisions affecting resources and natural systems are based on a wide 
range of considerations and decision-making processes. !

Concept a. the spectrum of what is considered in making decisions about 
resources and natural systems and how those factors influence decisions.

CA CCSS for ELA/Literacy: RST.6–8.1, 4, 8; WHST.6–8.2, 7, 8, 9; SL.7.1, 4 

Connection to CA ELD Standards: 
ELD.PI.6-8.1, 9 

Connections to CA CCSSM: 
7.SP.1–4
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Revolution,” “watershed,” and “fishing village,” all highlight the dependence of human 

communities on natural materials and on the food and water from ecosystems.  

Performance expectation PS1-3 calls students’ attention to the synthetic materials that 

play huge roles in the modern world. A new integrated area of research and 

development known as Materials Science and Engineering has emerged to enable 

scientists and engineers to efficiently innovate and coordinate across traditional 

disciplines. Materials scientists and engineers design, create, and apply existing and 

new kinds of synthetic materials. 

Plastics top the list among the current synthetic materials. Plastics have replaced many 

natural materials such as stone, wood, paper, metal and glass. Our packages, 

containers, cars, buildings, electronic devices, furniture, toys, and clothing either entirely 

or substantially consist of plastic materials. Plastics and other synthetic materials are 

themselves made from natural resources, frequently nonrenewable petrochemicals.  

Two key societal challenges relate to the abundance of synthetic materials in our 

environments: health effects and garbage. Chemicals in these synthetic materials can 

harm the health of humans and other organisms. Many of these materials break down 

very slowly and accumulate in the environment. Having been made by humans rather 

than nature, synthetic materials are generally not part of Earth’s natural cycles of matter. 

Chlorofluorocarbons (CFCs) provide a particularly informative example. These relatively 

simple chemicals consist of carbon, fluorine, and chlorine. They tend to not react 

chemically and are therefore remarkably stable. Due to their low reactivity, CFCs do not 

readily catch fire and they are nontoxic. In addition, their physical properties make them 

very useful as the principal cooling agent in refrigeration and air conditioning, and also 

as a propellant in spray cans. As a result, the CFCs replaced other more reactive 

chemicals in home and commercial appliances. 

In 1960, independent scientist James Lovelock invented a very sensitive device that 

could measure very small amounts of chemicals in gases. Using this detector, he 

became the first person to detect CFCs in the atmosphere. Because these chemicals 

are so stable that they are not broken down in the lower atmosphere, CFCs can reach 

the stratosphere and accumulate there. Ultraviolet (UV) radiation in the stratosphere 
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can break the CFC chemical bonds, and release chlorine. Unfortunately, the released 

chlorine atoms chemically react with and destroy ozone molecules in the upper 

atmosphere. These reactions have reduced the amount of ozone in the stratosphere, 

and thereby enable increased amounts of dangerous UV radiation to reach Earth’s 

surface. After scientists were able to conclusively prove these cause and effect 

relationships, governments agreed internationally to strictly reduce the manufacture and 

uses of CFCs. As a result, Earth’s stratospheric ozone layer is recovering. 

The issue of CFCs illustrates that humans now impact the environment at the scale of 

the planet as a whole. Students in Integrated Grade 6 analyze evidence that human 

activities, especially combustion of fossil fuels, have caused global temperatures to 

increase over the past century. When the students are learning Integrated Grade 8, they 

will explore planetary impacts resulting from increasing human populations and 

increasing per capita consumption of resources. 

Designing and testing these kinds of environmental challenges require a different kind 

of Engineering Design. Students’ prior experiences with engineering design probably 

focused on specific devices, such as the calorimeter highlighted in Instructional 

Segment 2. At the middle grade level, the challenges can be at a higher level of 

generality, and also more strongly connected with personal and societal values. In 

challenges involving protecting biodiversity and ecosystem services (MS-LS2-5), some 

of the criteria, evaluations and decisions will inevitably be strongly influenced by ethical, 

economic and cultural valuations.  

California’s Environmental Principles and Concepts (EPC) can provide guidance in 

implementing these design challenges. All five of the Environmental Principles apply to 

the performance expectations bundled in Instructional Segment 4. Students can refer to 

these general principles and the specific concepts associated with each principle as part 

of their analyses, evaluations and argumentation. Having extensively investigated 

cycles of matter and ecosystem processes, students are primed to apply California’s 

EPCs. For example, the three Concepts associated with Principle III are: 

!
 • Natural systems proceed through cycles and processes that are required for  
their functioning !
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 • Human practices depend upon and benefit from the cycles and processes  
that operate within natural systems 

 • Human practices can alter the cycles and processes that operate within  
natural systems.   !
The systems thinking and modeling embedded within Integrated Grade 7 provide a 

scientific framework for these design challenges. Figure 16 in Instructional Segment 3 

illustrates that matter cycles within an ecosystem, energy flows into and out of the 

ecosystem, and the organisms interact with each other and with the cycling matter and 

flowing energy.  

The same generalizations (cycling of matter, flowing of energy and webbing of life) 

apply at the global level with one significant difference. At the ecosystem level, some 

matter (e.g., carbon dioxide and water) enters and leaves the ecosystem. In contrast, at 

the level of the planet, matter essentially does not leave or enter. All of Earth’s 

ecosystems are linked with each other through their sharing of the atmosphere and the 

hydrosphere. Each of the elements that is vital for life exists on Earth in a closed loop of 

cyclical changes. At our time scale, Earth is essentially a closed system for matter.  

While matter cycles within the Earth system, energy flows through it. Energy in the 

visible range of electromagnetic radiation (sunlight) enters the Earth system, and energy 

at a longer electromagnetic wavelength (infrared radiation) leaves the Earth system. 

Thus, like its component ecosystems, Earth is an open system with respect to energy.  

Again analogously with the web of organism relationships with ecosystems, the planet 

as a whole features a web of life. All of Earth’s organisms are intimately interlinked with 

each other and with the planet’s cycles of matter and flows of energy. Earth is a 

networked system with respect to life. 

The environmental human impacts that students explore throughout middle school 

ultimately relate to the effects of human activities on Earth’s cycles of matter, flows of 

energy and web of life. In some challenges, such as habitat destruction or introduction 

of exotic species, the main direct impacts are on the local web of life. This local web of 

life is also often impacted by pollution. Essentially all pollution issues, such as the 
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accumulation of CFCs in the upper atmosphere, result from activities that contaminate 

or disrupt Earth’s natural cycles of matter.  

Student design challenges will reveal criteria and constraints that are associated with 

the complexities of environmental issues. A systems-based approach can help frame 

the analyses. At the appropriate scale (local, regional and/or global), students can 

analyze how the specific issue involves changes to the cycles of matter, flows of energy, 

and the web of life. That systems analysis can then inform the specific criteria and 

constraints, and also help provide a consistent design approach. 

!!
 !!
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