Graded Six Unit 2: Matter and Energy in Organisms and Ecosystems (date 1.25.16) Instructional Days: 25

Unit Summary

How and why do organisms interact with their environment and what are the effects of these interactions?

Students analyze and interpret data, develop models, construct arguments, and demonstrate a deeper understanding of the cycling of matter, the flow of energy, and
resources in ecosystems. They are able to study patterns of interactions among organisms within an ecosystem. They consider biotic and abiotic factors in an
ecosystem and the effects these factors have on populations. They also understand that the limits of resources influence the growth of organisms and populations,
which may result in competition for those limited resources. The crosscutting concepts of matter and energy, systems and system models, patterns, and cause and
effect provide a framework for understanding the disciplinary core ideas. Students demonstrate grade-appropriate proficiency in analyzing and interpret data,
developing models, and constructing arguments. Students are also expected to use these practices to demonstrate understanding of the core ideas.

This unit is based on MS-LS2-1, MS-LS2-2, and MS-LS2-3.

Student Learning Objectives

Analyze and interpret data to provide evidence for the effects of resource availability on organisms and populations of organisms in an ecosystem. [Clarification
Statement: Emphasis is on cause and effect relationships between resources and growth of individual organisms and the numbers of organisms in ecosystems during
periods of abundant and scarce resources.] (MS-LS2-1)

Construct an explanation that predicts patterns of interactions among organisms across multiple ecosystems. [Clarification Statement: Emphasis is on predicting
consistent patterns of interactions in different ecosystems in terms of the relationships among and between organisms and abiotic components of ecosystems.
Examples of types of interactions could include competitive, predatory, and mutually beneficial.] (MS-LS2-2)

Develop a model to describe the cycling of matter and flow of energy among living and nonliving parts of an ecosystem. [Clarification Statement: Emphasis is on
describing the conservation of matter and flow of energy into and out of various ecosystems, and on defining the boundaries of the system.] [Assessment Boundary:
Assessment does not include the use of chemical reactions to describe the processes.] (MS-LS2-3)
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Graded Six Unit 2: Matter and Energy in Organisms and Ecosystems (date 1.25.16)

Instructional Days: 25

Unit Sequence

Part A: How do changes in the availability of matter and energy effect populations in an ecosystem?

Concepts

Formative Assessment

Organisms and populations of organisms are dependent on their
environmental interactions with other living things.

Organisms and populations of organisms are dependent on their
environmental interactions with nonliving factors.

In any ecosystem, organisms and populations with similar requirements for
food, water, oxygen, or other resources may compete with others for limited
resources.

Access to food, water, oxygen, or other resources constrain organisms’
growth and reproduction.

Students who understand the concepts are able to:

Analyze and interpret data to provide evidence for the effects of resource
availability on organisms and populations of organisms in an ecosystem.

Use cause-and-effect relationships to predict the effect of resource
availability on organisms and populations in natural systems.

Unit Sequence

Part B: How do relationships among organisms, in an ecosystem, effect populations?

Concepts

Formative Assessment

Predatory interactions may reduce the number of organisms or eliminate
whole populations of organisms.

Mutually beneficial interactions may become so interdependent that each
organism requires the other for survival.

The patterns of interactions of organisms with their environment, both its
living and nonliving components, are shared.

Interactions within ecosystems have patterns that can be used to identify
cause-and-effect relationships.

Patterns of interactions among organisms across multiple ecosystems can be
predicted.

Patterns of interactions can be used to make predictions about the
relationships among and between organisms and abiotic components of
ecosystems.

Students who understand the concepts are able to:

Construct an explanation about interactions within ecosystems.

Include qualitative or quantitative relationships between variables as part of
explanations about interactions within ecosystems.

Make predictions about the impact within and across ecosystems of
competitive, predatory, or mutually beneficial relationships as abiotic (e.g.,
floods, habitat loss) or biotic (e.g., predation) components change.
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Unit Sequence

Part C: How can you explain the stability of an ecosystem by tracing the flow of matter and energy?

Concepts Formative Assessment

e Food webs are models that demonstrate how matter and energy are e  Students who understand the concepts are able to:
transferred among producers, consumers, and decomposers as the three

groups interact within an ecosystem e Develop a model to describe the cycling of matter among living and

nonliving parts of an ecosystem.
e Transfers of matter into and out of the physical environment occur at every

level e Develop a model to describe the flow of energy among living and nonliving

parts of ecosystem. Track the transfer of energy as energy flows through an
e Decomposers recycle nutrients from dead plant or animal matter back to the ecosystem.

soil in terrestrial environments. . .
e Observe and measure patterns of objects and events in ecosystems.

e Decomposers recycle nutrients from dead plant or animal matter back to the
water in aquatic environments.

e  The atoms that make up the organisms in an ecosystem are cycled
repeatedly between the living and nonliving parts of the ecosystem.

¢ The transfer of energy can be tracked as energy flows through an ecosystem.

e Science assumes that objects and events in ecosystems occur in consistent
patterns that are understandable through measurement and observation.

What it Looks Like in the Classroom

Instruction should result in students being able to use arguments based on empirical evidence and scientific reasoning to support an explanation of how
characteristic animal behaviors and specialized plant structures affect the probability of successful reproduction of animals and plants. Students may observe
examples of plant structures that could affect the probability of plant reproduction, including bright flowers attracting butterflies that transfer pollen, flower nectar
and odors that attract pollen-transferring insects, and hard shells on nuts that squirrels bury. Possible activities could include plant experiments (e.g., students could
count the number of butterflies on brightly colored plants vs. the number of butterflies on other types of plants and record the data they collect in a table), using
microscopes/magnifiers to view plant structures (e.g., dissecting a lily), going on field trips, both virtual and actual (e.g., butterfly garden/botanical garden).

Students may observe examples of animal behaviors that affect the probability of plant reproduction, which could include observing how animals can transfer pollen
or seeds and how animals can create conditions for seed germination and growth (e.g., students may conduct an experiment using rapid cycling Brassica rapa [Fast
Plant] and collect data on how many plants produce seeds with and without the aid of a pollinator.

Students could then observe examples of animal behaviors (using videos, Internet resources, books, etc.) that could affect the probability of successful animal
reproduction. These behaviors could include nest building to protect young from cold, herding of animals to protect young from predators, and colorful plumage and
vocalizations to attract mates for breeding.

Students may be able to identify and describe possible cause-and-effect relationships in factors that contribute to the reproductive success of plants and animals by
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using probability data from the rapid-cycling Brassica rapa (Fast Plant) experiments and drawing conclusions about one relationship between animals and plants.

At this point, students can present an oral and/or written argument supported by evidence and scientific reasoning that characteristic animal behaviors and
specialized plant structures affect the probability of successful reproduction of animals and plants, respectively. Students may use evidence from experiments or
other sources to identify the role of pollinators in plant reproduction.

Instruction that results in students being able to construct an evidence-based scientific explanation for how environmental and genetic factors influence the growth
of organisms could begin with students conducting experiments and collecting data on the environmental conditions that effect the growth of organisms (e.g., the
effect of variables such as food, light, space, and water on plant growth).

Students could then examine genetic factors (inherited traits) that influence the growth of organisms, including parental traits and selective breeding. It is important
to note that at this grade level, Mendelian genetics are not a part of student learning. Mendelian genetics will be covered in future grades.

This unit of study could end with students using an oral and/or written argument, supported by evidence and scientific reasoning from their experiments, to explain
how environmental conditions and genetic factors affect the growth of an organism.

Connecting English Language Arts/Literacy and Mathematics

English Language Arts/Literacy

e Cite specific, empirical, textual evidence to support analysis of how characteristic animal behaviors and specialized plant structures affect the probability of
successful reproduction of animals and plants, respectively.

e Trace and evaluate the argument and specific claims in a text about how characteristic animal behaviors and specialized plant structures affect the probability of
successful reproduction of animals and plants, respectively. Distinguish claims that are supported by empirical evidence and scientific reasoning from claims that
are not.

e  Write an argument focused on how characteristic animal behaviors and specialized plant structures affect the probability of successful reproduction of animals
and plants, respectively.

Mathematics

¢ Understand that a set of data collected to answer a statistical question about how characteristic animal behaviors and specialized plant structures affect the
probability of successful reproduction of animals and plants, respectively, has a distribution which can be described by its center (mean), spread (range), and
overall shape (shape of the distribution of data).

e Summarize numerical data sets, collected to answer a statistical question about how characteristic animal behaviors and specialized plant structures affect the
probability of successful reproduction of animals and plants, respectively, that have a distribution that can be described by its center (mean), spread (range), and
overall shape (shape of the distribution of data) in relation to their context.
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Modifications

(Note: Teachers identify the modifications that they will use in the unit. See NGSS Appendix D: All Standards, All Students/Case Studies for vignettes and explanations
of the modifications.)

e Structure lessons around questions that are authentic, relate to students’ interests, social/family background and knowledge of their community.

e Provide students with multiple choices for how they can represent their understandings (e.g. multisensory techniques-auditory/visual aids; pictures, illustrations,
graphs, charts, data tables, multimedia, modeling).

e Provide opportunities for students to connect with people of similar backgrounds (e.g. conversations via digital tool such as SKYPE, experts from the community
helping with a project, journal articles, and biographies).

e Provide multiple grouping opportunities for students to share their ideas and to encourage work among various backgrounds and cultures (e.g. multiple
representation and multimodal experiences).

e Engage students with a variety of Science and Engineering practices to provide students with multiple entry points and multiple ways to demonstrate their
understandings.

e Use project-based science learning to connect science with observable phenomena.

e  Structure the learning around explaining or solving a social or community-based issue.
e Provide ELL students with multiple literacy strategies.

e Collaborate with after-school programs or clubs to extend learning opportunities.

e Restructure lesson using UDL principals (http://www.cast.org/our-work/about-udl.html#.VXmoXcfD UA)

Research on Student Learning

Some students have difficulty in identifying the sources of energy for plants and also for animals. Students tend to confuse energy and other concepts such as food,
force, and temperature. As a result, students may not appreciate the uniqueness and importance of energy conversion processes like respiration and photosynthesis.
Although specially designed instruction does help students correct their understanding about energy exchanges, some difficulties remain. Careful coordination
between the Physical and Life Sciences Disciplinary Core Ideas about conservation of matter and energy and the nature of energy may help alleviate these difficulties.

Students of all ages see food as substances (water, air, minerals, etc.) that organisms take directly in from their environment. In addition, some students of all ages
think food is a requirement for growth, rather than a source of matter for growth. They have little knowledge about food being transformed and made part of a
growing organism's body.

Some students of all ages hold misconceptions about plant nutrition. They think plants get their food from the environment rather than manufacturing it internally,
and that food for plants is taken in from the outside. These misconceptions are particularly resistant to change. Even after traditional instruction, students have
difficulty accepting that plants make food from water and air, and that this is their only source of food. Understanding that the food made by plants is very different
from other nutrients such as water or minerals is a prerequisite for understanding the distinction between plants as producers and animals as consumers.

Some middle-school students do not realize that the matter from dead organisms is converted into other materials in the environment. Some middle-school students
see decay as a gradual, inevitable consequence of time without need of decomposing agents. Some high-school students believe that matter is conserved during
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decay, but do not know where it goes.

Middle-school students seem to know that some kind of cyclical process takes place in ecosystems. Some students see only chains of events and pay little attention
to the matter involved in processes such as plant growth or animals eating plants. They think the processes involve creating and destroying matter rather than
transforming it from one substance to another. Other students recognize one form of recycling through soil minerals but fail to incorporate water, oxygen, and
carbon dioxide into matter cycles. Even after specially designed instruction, students cling to their misinterpretations. Instruction that traces matter through the
ecosystem as a basic pattern of thinking may help correct these difficulties (NSDL, 2015).

Prior Learning

By the end of Grade 5, students understand that:

e Populations live in a variety of habitats, and change in those habitats affects the organisms living there.

Organisms can survive only in environments in which their particular needs are met.

A healthy ecosystem is one in which multiple species of different types are each able to meet their needs in a relatively stable web of life.

Newly introduced species can damage the balance of an ecosystem.

The food of almost any animal can be traced back to plants.

e Organisms are related in food webs, in which some animals eat plants for food and other animals eat the animals that eat plants; eventually, decomposers
restore some materials to the soil.

e Matter cycles between the air and soil and among organisms as they live and die and among plants, animals, and microbes as these organisms live and die.

e QOrganisms obtain gases and water from the environment and release waste matter (gas, liquid, or solid) back into the environment.

Adult plants and animals can have young.

In many kinds of animals, parents and the offspring themselves engage in behaviors that help the offspring to survive.

Future Learning

Life Science

e Systems of specialized cells within organisms help perform essential functions of life.

e Any one system in an organism is made up of numerous parts.

e Feedback mechanisms maintain an organism’s internal condition within certain limits and mediate behaviors.

e Growth and division of cells in organisms occur by mitosis and differentiation for specific cell types.
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Connections to Other Units

Grade 6 Unit 3: Interdependent Relationships in Ecosystems

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.

Grade 7 Unit 1: Structure and Properties of Matter

Substances react chemically in characteristic ways.

Grade 7 Unit 3: Chemical Reactions

In a chemical process, the atoms that make up the original substances are regrouped into different molecules, and these new substances have different
properties from those of the reactants.

The total number of each type of atom is conserved, and thus the mass does not change.

Some chemical reactions release energy, others store energy.

Grade 7 Unit 8: Earth Systems

All Earth processes are the result of energy flowing and matter cycling within and among the planet’s systems. This energy is derived from the sun and Earth’s
hot interior. The energy that flows and matter that cycles produce chemical and physical changes in Earth’s materials and living organisms.

The planet’s systems interact over scales that range from microscopic to global in size, and they operate over fractions of a second to billions of years. These
interactions have shaped Earth’s history and will determine its future.

Grade 8 Unit 3: Stability and Change on Earth

Humans depend on Earth’s land, ocean, atmosphere, and biosphere for many different resources. Minerals, fresh water, and biosphere resources are limited,
and many are not renewable or replaceable over human lifetimes. These resources are distributed unevenly around the planet as a result of past geologic
processes.

Human activities have significantly altered the biosphere, sometimes damaging or destroying natural habitats and causing the extinction of other species. But
changes to Earth’s environments can have different impacts (negative and positive) for different living things.

Typically as human populations and per-capita consumption of natural resources increase, so do the negative impacts on Earth unless the activities and
technologies involved are engineered otherwise.

Sample of Open Education Resources

Habitable Planet Population Simulator: This ecosystem interactive will allow the user to determine the producers and consumers (primary and secondary) in a

simulated ecosystem. The user can then see the outcome of including species with particular diets, including the result of how food resources can be depleted if
consumers have similar diets. The accompanying lessons do have questions to guide the development of investigations, and there are data tables that are provided
to gather information as it is collected.
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Modeling Marine Food Webs and Human Impact: In this two-part lesson, students develop food webs and investigate human impacts on marine ecosystems. In Part
I, students explore the ecological role of organisms in an ocean habitat and use information provided on Food Web Cards to develop food chains. In Part Il, students
model the interconnected feeding relationships in the open ocean ecosystem by developing food webs and then using their food webs to explore the impact that
different scenarios have on the ecosystem.

Interactive Interdependence: This article describes an interactive lesson in which the complexity of food webs and ecosystems is explored. Students generate a list of
organisms in a Pacific aquatic ecosystem, assign each organism to a student, and then link the organisms together in a food web using string. Students tug on the
string to identify the connections in the food web. In response to several potential changes the teacher describes, the students tug on their strings to predict patterns
of interactions. Next, they investigate the limiting factors in an ecosystem. As a concluding activity, students respond to how organisms are affected with differing
"Interdependence Scenarios."

Florida's Everglades: The River of Grass utilizes a video clip of a visit to the Everglades, short articles for students to read, a series of slides and a suggested project for
students to complete. Students sign up for a pbsteacherline.org account (no email required) to save their notes. As they go through the lesson, they read, watch
videos, and answer questions in order to investigate the Florida Everglades ecosystem. Students investigate the biodiversity in the varying ecosystems and the
human impact on this biome. Students compare the Florida Everglades to their local ecosystem. An included writing prompt helps students explain patterns of
interactions between organisms and ecosystems. An eight page teacher’s guide is included in support materials under "For Teachers". This guide provides lesson
goals, key literacy strategies, essential background information, questions for determining students’ prior knowledge, suggestions for ways to support students as
they complete the lesson and a variety of assessment ideas. This lesson is grade appropriate.
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Appendix A: NGSS and Foundations for the Unit

Analyze and interpret data to provide evidence for the effects of resource availability on organisms and populations of organisms in an ecosystem. [Clarification
Statement: Emphasis is on cause and effect relationships between resources and growth of individual organisms and the numbers of organisms in ecosystems during
periods of abundant and scarce resources.] (MS-LS2-1)

Construct an explanation that predicts patterns of interactions among organisms across multiple ecosystems. [Clarification Statement: Emphasis is on predicting
consistent patterns of interactions in different ecosystems in terms of the relationships among and between organisms and abiotic components of ecosystems.
Examples of types of interactions could include competitive, predatory, and mutually beneficial.] (MS-LS2-2)

Develop a model to describe the cycling of matter and flow of energy among living and nonliving parts of an ecosystem. [Clarification Statement: Emphasis is on
describing the conservation of matter and flow of energy into and out of various ecosystems, and on defining the boundaries of the system.] [Assessment Boundary:
Assessment does not include the use of chemical reactions to describe the processes.] (MS-LS2-3)

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts
Analyzing and Interpreting Data LS2.A: Interdependent Relationships in Ecosystems Patterns
e Analyze and interpret data to provide evidence e  Organisms, and populations of organisms, are e Patterns can be used to identify cause and effect
for phenomena. (MS-LS2-1) dependent on their environmental interactions relationships. (MS-LS2-2)

both with other living things and with nonliving

factors. (MS-LS2-1)

e Construct an explanation that includes e In any ecosystem, organisms and populations e Cause and effect relationships may be used to
qualitative or quantitative relationships between ! predict phenomena in natural or designed

variables that predict phenomena. (MS-LS2-2) with similar requirements for food, water, ) systems. (MS-LS2-1)
oxygen, or other resources may compete with

Constructing Explanations and Designing Solutions Cause and Effect

Developing and Using Models each other for limited resources, access to which | Energy and Matter
e Develop a model to describe phenomena. (MS- :gn:c?gjft?:: ?ms_tl-rglzrji)thelr growth and e The transfer of energy can be tracked as energy
LS2-3) P ' flows through a natural system. (MS-LS2-3)

e Growth of organisms and population increases
are limited by access to resources. (MS-LS2-1)

y . . Connections to Nature of Science
e Similarly, predatory interactions may reduce the

number of organisms or eliminate whole Scientific Knowledge Assumes an Order and
populations of organisms. Mutually beneficial Consistency in Natural Systems
interactions, in contrast, may become so
interdependent that each organism requires the
other for survival. Although the species involved
in these competitive, predatory, and mutually

e Science assumes that objects and events in
natural systems occur in consistent patterns that
are understandable through measurement and
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beneficial interactions vary across ecosystems,
the patterns of interactions of organisms with

their environments, both living and nonliving,

are shared. (MS-LS2-2)

LS2.B: Cycle of Matter and Energy Transfer in
Ecosystems

Food webs are models that demonstrate how
matter and energy is transferred between
producers, consumers, and decomposers as the
three groups interact within an ecosystem.
Transfers of matter into and out of the physical
environment occur at every level. Decomposers

observation. (MS-LS2-3)

ecosystem. (MS-LS2-3)

recycle nutrients from dead plant or animal
matter back to the soil in terrestrial
environments or to the water in aquatic
environments. The atoms that make up the
organisms in an ecosystem are cycled repeatedly
between the living and nonliving parts of the

English Language Arts

Mathematics

Cite specific textual evidence to support analysis of science and technical texts.
(MS-LS2-1),(MS-LS2-2) RST.6-8.1

Integrate quantitative or technical information expressed in words in a text with
a version of that information expressed visually (e.g., in a flowchart, diagram,
model, graph, or table). (MS-LS2-1) RST.6-8.7

Write informative/explanatory texts to examine a topic and convey ideas,
concepts, and information through the selection, organization, and analysis of
relevant content. (MS-LS2-2) WHST.6-8.2

Draw evidence from literary or informational texts to support analysis, reflection,
and research. (MS-LS2-2) WHST.6-8.9

Engage effectively in a range of collaborative discussions (one-on-one, in groups,
and teacher-led) with diverse partners on grade 8 topics, texts, and issues,
building on others’ ideas and expressing their own clearly. (MS-LS2-2) SL.8.1

Use variables to represent two quantities in a real-world problem that change in
relationship to one another; write an equation to express one quantity, thought
of as the dependent variable, in terms of the other quantity, thought of as the
independent variable. Analyze the relationship between the dependent and
independent variables using graphs and tables, and relate these to the equation.
(MS-LS2-3) 6.EE.C.9

Summarize numerical data sets in relation to their context. (MS-LS2-2) 6.SP.B.5
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Graded Six Unit 2: Matter and Energy in Organisms and Ecosystems (date 1.25.16)

Instructional Days: 25

Present claims and findings, emphasizing salient points in a focused, coherent
manner with relevant evidence, sound valid reasoning, and well-chosen details;
use appropriate eye contact, adequate volume, and clear pronunciation. (MS-
LS2-2) SL.8.4

Integrate multimedia and visual displays into presentations to clarify information,
strengthen claims and evidence, and add interest. (MS-LS2-3) SL.8.5
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