Marine Biology

Curriculum/Content Area: Science Course Length: 1 Term

Course Title: Marine Biology Date last reviewed: 2018

Prerequisites: Grade 10-12 Board approval date: May 2018

Primary Resource:
tbd

Desired Results

Course Description: Within this course, students will explore for the basic principles of marine
biology, ocean ecology, marine life, and the impact that human activity has on marine life. Grounded
in scientific inquiry, specific topics students examine include marine ecosystems and the relationships
among species; the evolution, adaptation, and classification of marine species; and human impact

and sustainability of our world’s oceans.

Enduring Understandings: Essential Questions:

1. Patterns: Observed patterns in nature 1. How can the scientific method be
guide organization and classification used to investigate questions, and
and prompt questions about how can findings be communicated?
relationships and causes underlying
them. 2. Why are the world’s oceans important

to people?

2. Cause and Effect: Events have
causes, sometimes simple, 3. How can organisms and
sometimes multifaceted. Deciphering environmental conditions within ocean
causal relationships, and the ecosystems affect each other?
mechanisms by which they are
mediated, is a major activity of 4. What contributes to changes in
science and engineering. populations of marine species?

3. Scale, Proportion, and Quantity: In 5. How do nutrients and energy move
considering phenomena, it is critical to through marine environments?
recognize what is relevant at different
size, time, and energy scales, and to 6. How are marine organisms’
recognize proportional relationships adaptations influenced by the
between different quantities as scales environment?
change.

7. How do species adapt to

4., Systems and System Models: A environmental changes?

system is an organized group of




related objects or components;
models can be used for understanding
and predicting the behavior of
systems.

Energy and Matter: Tracking energy
and matter flows, into, out of, and
within systems helps one understand
their system’s behavior.

Structure and Function: The way an
object is shaped or structured
determines many of its properties and
functions.

Stability and Change: For both
designed and natural systems,
conditions that affect stability and
factors that control rates of change
are critical elements to consider and
understand.

How have human activities impacted
marine ecosystems?

How can we conserve and protect the
world’s oceans?

Principles of Marine Biology

Topics of Study:

1.

Scientific Methods

2. History of Marine Biology

3. Ocean Topography

4. Properties of Water
Standards:

Cross Cutting Concepts
Stability and Change - Much of science deals with constructing explanations of how
things change and how they remain stable. (HS-LS2-6),(HS-LS2-7)

Influence of Engineering, Technology, and Science on Society and the Natural
World - New technologies can have deep impacts on society and the environment,
including some that were not anticipated. Analysis of costs and benefits is a critical
aspect of decisions about technology. (HS-ESS2-2)

Structure and Function - The way an object is shaped or structured determines

1.
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many of its properties and functions.

nd Engineering Practi

Constructing Explanations and Designing Solutions - Constructing explanations




and designing solutions in 9-12 builds on K-8 experiences and progresses to
explanations and designs that are supported by multiple and independent
student-generated sources of evidence consistent with scientific ideas, principles, and
theories.

a. Design, evaluate, and refine a solution to a complex real-world problem, based
on scientific knowledge, student-generated sources of evidence, prioritized
criteria, and trade off considerations.

2. Developing and Using Model - Modeling in 9-12 builds on K-8 experiences and
progresses to using, synthesizing, and developing models to predict and show
relationships among variables between systems and their components in the natural
and designed world(s).

a. Develop a model based on evidence to lllustrate the relationships between
systems or between components of a system.

3. Planning and Carrying Out Investigations - Planning and carrying out
investigations in 9-12 builds on K-8 experiences and progresses to include
investigations that provide evidence for and test conceptual, mathematical, physical,
and empirical models.

a. Plan and conduct an investigation individually and collaboratively to produce
data to serve as the basis for evidence, and in the design: decide on types,
how much, and accuracy of data needed to produce reliable measurements
and consider limitations on the precision of the data (e.g., number of trials,
cost, risk, time), and refine the design accordingly.

Disciplinary Core Ideas

1. ETS1.B: Developing Possible Solutions
a. When evaluating solutions it is important to take into account a range of
constraints including cost, safety, reliability and aesthetics and to consider
social, cultural and environmental impacts. (secondary)
2. ESS2.B: Plate Tectonics and Large-Scale System Interactions
a. Plate tectonics is the unifying theory that explains the past and current
movements of the rocks at Earth’s surface and provides a framework for
understanding its geologic history. Plate movements are responsible for most
continental and ocean-floor features and for the distribution of most rocks and
minerals within Earth’s crust. (ESS2.B Grade 8 GBE)
3. ESS2.C: The Roles of Water in Earth's Surface Processes
a. The abundance of liquid water on Earth’s surface and its unique combination
of physical and chemical properties are central to the planet’s dynamics.
These properties include water’s exceptional capacity to absorb, store, and
release large amounts of energy, transmit sunlight, expand upon freezing,
dissolve and transport materials, and lower the viscosities and melting points
of rocks. (HS-ESS2-5)
4. ESS3.C: Human Impacts on Earth Systems




a. Scientists and engineers can make major contributions by developing
technologies that produce less pollution and waste and that preclude
ecosystem degradation.

Learning Targets:

1.

I can use the scientific method to design an experiment to answer a question and/or
propose a solution to problem. (HS-LS2-7) (Constructing Explanations and Designing
Solutions, ETS1.B, Stability and Change)

| can identify important people, educational institutions, technological advancements
that contributed to discoveries in Marine Biology. (HS-ESS3-4) (Constructing
Explanations and Designing Solutions, ESS3.C, Influence of Science, Engineering,
and Technology on Society and the Natural World)

| can identify major topographical features of the ocean, explain how they are formed,
and discuss their impact on marine life. (HS-ESS2-1) (Developing and Using Models,
ESS2.B, Stability and Change)

| can identify the properties of water and the impacts they have on marine life.
(HS-ESS2-5) (Planning and Carrying Out Investigations, ESS2.C, Structure &
Function)

Assessment Evidence:

Performance Assessment Options Other
May include, but are not limited to the following: assessment
options

HS-LS2-7- Design, evaluate, and refine a solution for reducing the impacts of | May include,
human activities on the environment and biodiversity. [Clarification Statement: | but are not
Examples of human activities can include urbanization, building dams, and limited to the
dissemination of invasive species.] following:

HS-ESS2-1. Develop a model to illustrate how Earth’s internal and surface
processes operate at different spatial and temporal scales to form
continental and ocean-floor features. [Clarification Statement: Emphasis is on
how the appearance of land features (such as mountains, valleys, and plateaus)
and sea-floor features (such as trenches, ridges, and seamounts) are a result of
both constructive forces (such as volcanism, tectonic uplift, and orogeny) and
destructive mechanisms (such as weathering, mass wasting, and coastal

erosion).] [Assessment Boundary: Assessment does not include memorization of
the details of the formation of specific geographic features of Earth’s surface.]

HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts
of human activities on natural systems.* [Clarification Statement: Examples of
data on the impacts of human activities could include the quantities and types of
pollutants released, changes to biomass and species diversity, or areal changes in
land surface use (such as for urban development, agriculture and livestock, or
surface mining). Examples for limiting future impacts could range from local efforts



https://www.nextgenscience.org/pe/hs-ls2-7-ecosystems-interactions-energy-and-dynamics
http://www.nap.edu/openbook.php?record_id=13165&page=67
http://www.nap.edu/openbook.php?record_id=13165&page=67
https://drive.google.com/open?id=1sowRg6Kj7RD0FcaNzkkSeUu8Hzp0nwdO
https://drive.google.com/open?id=1CinFA8oW9IaJrQlcW5-tE8HxI28VSzhm
https://drive.google.com/open?id=1vc2CH8e03b57Q0xKHxRed2fJhOQ9RXic

(such as reducing, reusing, and recycling resources) to large-scale
geoengineering design solutions (such as altering global temperatures by making
large changes to the atmosphere or ocean).]

HS-ESS2-5. Plan and conduct an investigation of the properties of water and
its effects on Earth materials and surface processes. [Clarification Statement:
Emphasis is on mechanical and chemical investigations with water and a variety of
solid materials to provide the evidence for connections between the hydrologic
cycle and system interactions commonly known as the rock cycle. Examples of
mechanical investigations include stream transportation and deposition using a
stream table, erosion using variations in soil moisture content, or frost wedging by
the expansion of water as it freezes. Examples of chemical investigations include
chemical weathering and recrystallization (by testing the solubility of different
materials) or melt generation (by examining how water lowers the melting
temperature of most solids).]

Digital Tools & Supplementary Resources:
Tools and resources that can augment the learning experience for students

Ocean Ecology

Topics of Study:
1. Classification of Marine Environments
2. Limiting Factors in Marine Environments
3. Energy Flow in Marine Ecosystems
4. Relationships Among Marine Organisms
5. Population Dynamics of Marine Life

Standards:

Cross Cutting Concepts

1. Scale, Proportion, and Quantity - Using the concept of orders of magnitude allows
one to understand how a model at one scale relates to a model at another scale.

2. Energy and Matter - Energy drives the cycling of matter within and between systems.

3. Influence of Science, Engineering, and Technology on Society and the Natural

World
a. Modern civilization depends on major technological systems.

b. New technologies can have deep impacts on society and the environment,

including some that were not anticipated.

Science and Engineering Practices

1. Using Mathematics and Computational Thinking - Mathematical and computational




thinking in 9-12 builds on K-8 experiences and progresses to using algebraic thinking
and analysis; a range of linear and nonlinear functions including trigonometric
functions, exponentials and logarithms; and computational tools for statistical analysis
to analyze, represent, and model data. Simple computational simulations are created
and used based on mathematical models of basic assumptions.

a. Use mathematical representations of phenomena or design solutions to

support and revise explanations.

Disciplinary Core Ideas
1. LS2.A: Interdependent Relationships in Ecosystems

a. Ecosystems have carrying capacities, which are limits to the numbers of
organisms and populations they can support. These limits result from such
factors as the availability of living and nonliving resources and from such
challenges such as predation, competition, and disease. Organisms would
have the capacity to produce populations of great size were it not for the fact
that environments and resources are finite. This fundamental tension affects
the abundance (number of individuals) of species in any given ecosystem.
(HS-LS2-1),(HS-LS2-2)

2. LS2.B: Cycles of Matter and Energy Transfer in Ecosystems

a. Photosynthesis and cellular respiration (including anaerobic processes)
provide most of the energy for life processes. (HS-LS2-3)

b. Plants or algae form the lowest level of the food web. At each link upward in a
food web, only a small fraction of the matter consumed at the lower level is
transferred upward, to produce growth and release energy in cellular
respiration at the higher level. Given this inefficiency, there are generally fewer
organisms at higher levels of a food web. Some matter reacts to release
energy for life functions, some matter is stored in newly made structures, and
much is discarded. The chemical elements that make up the molecules of
organisms pass through food webs and into and out of the atmosphere and
soil, and they are combined and recombined in different ways. At each link in
an ecosystem, matter and energy are conserved. (HS-LS2-4)

3. ESS3.C: Human Impacts on Earth Systems

a. The sustainability of human societies and the biodiversity that supports them

requires responsible management of natural resources. (HS-ESS3-3)

Learning Targets:

1. | can identify abiotic and biotic factors in marine ecosystems and explain how they
affect the distribution of life throughout the world’s oceans. (HS-LS2-2) (Using
Mathematics and Computational Thinking, LS2.A, Scale, Proportion, and Quantity)

2. | can describe and model how energy and nutrients flow through ocean ecosystems.
(HS-LS2-4) (Using Mathematical and Computational Thinking, LS2.B, Energy and
Matter)

3. | can explain how organisms cooperate and compete in marine ecosystems and the
interrelationships that exist. (HS-LS2-1) (Using Mathematical and Computational
Thinking, LS2.A, Scale, Proportion, and Quantity)



https://drive.google.com/open?id=1o0zSOw9y4LODZ4CbcoS13MoH_chKEC1_
https://drive.google.com/open?id=1vrOXovXdiuHIeovqYs6zq8NtoMKcTJaV
https://drive.google.com/open?id=1L1UBRsmqmqhCHBye55wBQxNTZQCVnRQC

4. | can describe how marine biologists use ecological principles to manage aquatic
species. (HS-ESS3-3) (Using Mathematics and Computational Thinking, ESS3.C,
Influence of Science, Engineering, and Technology on Society and the Natural World)

Assessment Evidence:

Performance Assessment Options
May include, but are not limited to the following:

HS-LS2-2. Use mathematical representations to support and revise
explanations based on evidence about factors affecting biodiversity
and populations in ecosystems of

different scales. [Clarification Statement: Examples of mathematical
representations include finding the average, determining trends, and using
graphical comparisons of multiple sets of data.] [Assessment Boundary:
Assessment is limited to provided data.]

HS-LS2-4. Use mathematical representations to support claims for the
cycling of matter and flow of energy among organisms in an
ecosystem. [Clarification Statement: Emphasis is

on using a mathematical model of stored energy in biomass to describe the
transfer of energy from one trophic level to another and that matter and
energy are conserved as matter cycles and energy flows through
ecosystems. Emphasis is on atoms and molecules

such as carbon, oxygen, hydrogen and nitrogen being conserved as they
move through an ecosystem.] [Assessment Boundary: Assessment is limited
to proportional reasoning to describe the cycling of matter and flow of
energy.]

HS-LS2-1. Use mathematical and/or computational representations to
support explanations of factors that affect carrying capacity of
ecosystems at different scales. [Clarification Statement: Emphasis is on
quantitative analysis and comparison of the relationships among
interdependent factors including boundaries, resources, climate, and
competition. Examples of mathematical comparisons could include graphs,
charts, histograms, and population changes gathered from simulations or
historical data sets.] [Assessment Boundary: Assessment does not include
deriving mathematical equations to make comparisons.]

HS-ESS3-3. Create a computational simulation to illustrate the
relationships among management of natural resources, the
sustainability of human populations, and biodiversity.

[Clarification Statement: Examples of factors that affect the management of
natural resources include costs of resource extraction and waste
management, per-capita consumption, and the development of new
technologies. Examples of factors that affect

Other assessment
options

May include, but are
not limited to the
following:



https://drive.google.com/open?id=1J7tvGkH64XOEnAQ77QYM-eBdseYAxYb4

human sustainability include agricultural efficiency, levels of conservation,
and urban planning.] [Assessment Boundary: Assessment for computational
simulations is limited to

using provided multi-parameter programs or constructing simplified
spreadsheet calculations.]

Digital Tools & Supplementary Resources:
Tools and resources that can augment the learning experience for students

Marine Life

Topics of Study:
1. Evolution of Marine Organisms
2. Diversity and Classification
3. Adaptations and Characteristics of Marine Species

Standards:

Cross Cutting Concepts
1. Cause and Effect - Empirical evidence is required to differentiate between cause and

correlation and make claims about specific causes and effects. (

Science and Engineering Practices
1. Constructing Explanations and Designing Solutions - Constructing explanations
and designing solutions in 9—12 builds on K-8 experiences and progresses to
explanations and designs that are supported by multiple and independent
student-generated sources of evidence consistent with scientific ideas, principles, and
theories.

a. Design, evaluate, and refine a solution to a complex real-world problem, based
on scientific knowledge, student-generated sources of evidence, prioritized
criteria, and tradeoff considerations.

2. Engaging in Argument from Evidence - Argumentation is the process by which
explanations and solutions are reached.

Disciplinary Core Ideas
1. LS4.C: Adaptation

a. Natural selection leads to adaptation, that is, to a population dominated by
organisms that are anatomically, behaviorally, and physiologically well suited to
survive and reproduce in a specific environment. That is, the differential
survival and reproduction of organisms in a population that have an
advantageous heritable trait leads to an increase in the proportion of




individuals in future generations that have the trait and to a decrease in the

proportion of individuals that do not.
2. LS2.D: Social Interactions and Group Behavior

a. Group behavior has evolved because membership can increase the chances

of survival for individuals and their genetic relatives.

Learning Targets:

1. | can describe how natural selection has led to the evolution of marine organisms.
HS-L.S4-4 (Constructing Explanations and Designing Solutions, LS4.C, Cause and

Effect)

2. | can describe the major taxonomic groupings of marine organisms and the identifying
characteristics of each. HS-LS4-4 (Constructing Explanations and Designing

Solutions, LS4.C, Cause and Effect)

3. | can explain how marine organisms have evolved to be successful in their habitat.
HS-LS4-4, HS-L.S4-5, and HS-LS2-8 (Constructing Explanations and Designing
Solutions, Engaging in Argument from Evidence, LS4.C, LS2.D, Cause and Effect)

Assessment Evidence:

HS-LS4-4. Construct an explanation based on evidence for how
natural selection leads to adaptation of populations. [Clarification
Statement: Emphasis is on using data to provide evidence for how
specific biotic and abiotic differences in ecosystems (such as ranges of
seasonal temperature, long-term climate change, acidity, light, geographic
barriers, or evolution of other organisms) contribute to a change in gene
frequency over time, leading to adaptation of populations.]

HS-LS4-5. Evaluate the evidence supporting claims that changes in
environmental conditions may result in: (1) increases in the number
of individuals of some species, (2) the emergence of new species
over time, and (3) the extinction of other species. [Clarification
Statement: Emphasis is on determining cause and effect relationships for
how changes to the environment such as deforestation, fishing,
application of fertilizers, drought, flood, and the rate of change of the
environment affect distribution or disappearance of traits in species.]

HS-LS2-8. Evaluate the evidence for the role of group behavior on
individual and species’ chances to survive and reproduce.
[Clarification Statement: Emphasis is on: (1) distinguishing between group
and individual behavior, (2) identifying evidence supporting the outcomes
of group behavior, and (3) developing logical and reasonable arguments
based on evidence. Examples of group behaviors could include flocking,
schooling, herding, and cooperative behaviors such as hunting, migrating,
and swarming.]

Other assessment
options

May include, but are not
limited to the following:



https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS4-4%20Evidence%20Statements%20June%202015%20asterisks.pdf
http://www.nap.edu/openbook.php?record_id=13165&page=87
https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS4-4%20Evidence%20Statements%20June%202015%20asterisks.pdf
http://www.nap.edu/openbook.php?record_id=13165&page=87
https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS4-4%20Evidence%20Statements%20June%202015%20asterisks.pdf
https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS4-5%20Evidence%20Statements%20June%202015%20asterisks.pdf
https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/HS-LS2-8%20Evidence%20Statements%20June%202015%20asterisks.pdf

Digital Tools & Supplementary Resources:
Tools and resources that can augment the learning experience for students

Human Impacts on Marine Life

Topics of Study:
1. Ocean Environmental Issues
2. Conservation of Marine Life & Ecosystems

Standards:

Cross Cutting Concepts

1. Scale, Proportion, and Quantity - In considering phenomena, it is critical to
recognize what is relevant at different size, time, and energy scales, and to recognize
proportional relationships between different quantities as scales change.

2. Stability and Change - For both designed and natural systems, conditions that affect
stability and factors that control rates of change are critical elements to consider and
understand.

3. Cause and Effect - Events have causes, sometimes simple, sometimes multifaceted.
Deciphering causal relationships, and the mechanisms by which they are mediated, is
a major activity of science and engineering.

4. Influence of Engineering, Technology, and Science on Society and the Natural
World - Engineers continuously modify these technological systems by applying
scientific knowledge and engineering design practices to increase benefits while
decreasing costs and risks.

5. Systems and System Models - A system is an organized group of related objects
or components; models can be used for understanding and predicting the behavior of
systems.

Science and Engineering Practices

1. Using Mathematics and Computational Thinking - Mathematical and computational
thinking in 9-12 builds on K-8 experiences and progresses to using algebraic thinking
and analysis; a range of linear and nonlinear functions including trigonometric
functions, exponentials and logarithms; and computational tools for statistical analysis
to analyze, represent, and model data. Simple computational simulations are created
and used based on mathematical models of basic assumptions.

a. Use mathematical representations of phenomena or design solutions to
support and revise explanations.

2. Constructing Explanations and Designing Solutions - Constructing explanations
and designing solutions in 9—12 builds on K-8 experiences and progresses to




explanations and designs that are supported by multiple and independent
student-generated sources of evidence consistent with scientific ideas, principles, and
theories.

a. Design, evaluate, and refine a solution to a complex real-world problem, based
on scientific knowledge, student-generated sources of evidence, prioritized
criteria, and tradeoff considerations.

3. Engaging in Argument from Evidence - Argumentation is the process by which
explanations and solutions are reached.

Disciplinary Core Ideas

1. LS2.A: Interdependent Relationships in Ecosystems

a. Ecosystems have carrying capacities, which are limits to the numbers of
organisms and populations they can support. These limits result from such
factors as the availability of living and nonliving resources and from such
challenges such as predation, competition, and disease. Organisms would
have the capacity to produce populations of great size were it not for the fact
that environments and resources are finite. This fundamental tension affects
the abundance (number of individuals) of species in any given ecosystem.

2. LS2.C: Ecosystem Dynamics, Functioning, and Resilience

a. Moreover, anthropogenic changes (induced by human activity) in the
environment—including habitat destruction, pollution, introduction of invasive
species, overexploitation, and climate change—can disrupt an ecosystem and
threaten the survival of some species.

3. LS4.C: Adaptation

a. Changes in the physical environment, whether naturally occurring or human
induced, have thus contributed to the expansion of some species, the
emergence of new distinct species as populations diverge under different
conditions, and the decline—and sometimes the extinction—of some species.

4. LS4.D: Biodiversity and Humans

a. Biodiversity is increased by the formation of new species (speciation) and
decreased by the loss of species (extinction).

b. Humans depend on the living world for the resources and other benefits
provided by biodiversity. But human activity is also having adverse impacts on
biodiversity through overpopulation, overexploitation, habitat destruction,
pollution, introduction of invasive species, and climate change. Thus sustaining
biodiversity so that ecosystem functioning and productivity are maintained is
essential to supporting and enhancing life on Earth. Sustaining biodiversity
also aids humanity by preserving landscapes of recreational or inspirational
value.

5. ETS1.B: Developing Possible Solutions

a. When evaluating solutions it is important to take into account a range of
constraints including cost, safety, reliability and aesthetics and to consider
social, cultural and environmental impacts.




b. Both physical models and computers can be used in various ways to aid in the
engineering design process. Computers are useful for a variety of purposes,
such as running simulations to test different ways of solving a problem or to
see which one is most efficient or economical; and in making a persuasive
presentation to a client about how a given design will meet his or her needs.

ESS2.D: Weather and Climate

a. Changes in the atmosphere due to human activity have increased carbon

dioxide concentrations and thus affect climate.
ESS3.C: Human Impacts on Earth Systems

a. The sustainability of human societies and the biodiversity that supports them
requires responsible management of natural resources.

b. Scientists and engineers can make major contributions by developing
technologies that produce less pollution and waste and that preclude
ecosystem degradation.

ESS3.D: Global Climate Change

a. Through computer simulations and other studies, important discoveries are still
being made about how the ocean, the atmosphere, and the biosphere interact
and are modified in response to human activities.

ETS1.B: Developing Possible Solutions

a. When evaluating solutions, it is important to take into account a range of
constraints, including cost, safety, reliability, and aesthetics, and to consider
social, cultural, and environmental impacts.

Learning Targets:

1.

| can describe how populations of marine organisms change over time based on
ocean conditions and human activities. (HS-LS2-1), (HS-LS4-6), (HS-LS2-7), and
(HS-LS4-5) (Using Mathematics and Computational Thinking, Constructing
Explanations and Designing Solutions,LS2.A, LS2.C, LS4.D, LS4.C, Scale, Proportion
and Quantity, Stability and Change, Cause and Effect)

| can describe human caused threats to marine ecosystems worldwide. (HS-ESS3-6)
(Using Mathematics and Computational Thinking, ESS2.D, ESS3.D, Systems and
System Models)

| can apply principles of marine biology to current environmental challenges and
conservation concerns. (HS-ESS3-3) and (HS-ESS3-4) (Using Mathematics and
Computational Thinking, Constructing Explanations and Designing Solutions, ESS3.C,
ETS1.B, Influence of Science, Engineering, and Technology on Society and the
Natural World)

| can identify factors that lead to declines in the populations of marine species and
evaluate solutions to these global problems. (HS-ESS3-4) (Constructing Explanations

and Designing Solutions, ESS3.C, ETS1.B, Stability and Change, Influence of
Science, Engineering, and Technology on Society and the Natural World)

Assessment Evidence:



https://www.nextgenscience.org/pe/hs-ls2-1-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/hs-ls4-6-biological-evolution-unity-and-diversity
https://www.nextgenscience.org/pe/hs-ls2-7-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/hs-ls4-5-biological-evolution-unity-and-diversity
https://www.nextgenscience.org/pe/hs-ess3-6-earth-and-human-activity
https://www.nextgenscience.org/pe/hs-ess3-3-earth-and-human-activity
https://www.nextgenscience.org/pe/hs-ess3-4-earth-and-human-activity
https://www.nextgenscience.org/pe/hs-ess3-4-earth-and-human-activity

Performance Assessment Options
May include, but are not limited to the following:

HS-LS2-1. Use mathematical and/or computational representations to
support explanations of factors that affect carrying capacity of
ecosystems at different scales. [Clarification Statement: Emphasis is on
quantitative analysis and comparison of the relationships among
interdependent factors including boundaries, resources, climate, and
competition. Examples of mathematical comparisons could include graphs,
charts, histograms, and population changes gathered from simulations or
historical data sets.] [Assessment Boundary: Assessment does not include
deriving mathematical equations to make comparisons.]

HS-LS4-6. Create or revise a simulation to test a solution to mitigate
adverse impacts of human activity on biodiversity.* [Clarification
Statement: Emphasis is on testing solutions for a proposed problem related to
threatened or endangered species, or to genetic variation of organisms for
multiple species.]

HS-LS2-7. Design, evaluate, and refine a solution for reducing the
impacts of human activities on the environment and
biodiversity.*[Clarification Statement: Examples of human activities can
include urbanization, building dams, and dissemination of invasive species.]

HS-LS4-5. Evaluate the evidence supporting claims that changes in
environmental conditions may result in (1) increases in the number of
individuals of some species, (2) the emergence of new species over
time, and (3) the extinction of other species. [Clarification Statement:
Emphasis is on determining cause and effect relationships for how changes to
the environment such as deforestation, fishing, application of fertilizers,
drought, flood, and the rate of change of the environment affect distribution or
disappearance of traits in species.]

HS-ESS3.6. - Use a computational representation to illustrate the
relationships among Earth systems and how those relationships are
being modified due to human activity. [Clarification Statement: Examples
of Earth systems to be considered are the hydrosphere, atmosphere,
cryosphere, geosphere, and/or biosphere. An example of the far-reaching
impacts from a human activity is how an increase in atmospheric carbon
dioxide results in an increase in photosynthetic biomass on land and an
increase in ocean acidification, with resulting impacts on sea organism health
and marine populations.] [Assessment Boundary: Assessment does not
include running computational representations but is limited to using the
published results of scientific computational models.]

HS-ESS3.3. Create a computational simulation to illustrate the
relationships among management of natural resources, the
sustainability of human populations, and biodiversity. [Clarification
Statement: Examples of factors that affect the management of natural
resources include costs of resource extraction and waste management,
per-capita consumption, and the development of new technologies. Examples

Other assessment
options

May include, but are
not limited to the
following:




of factors that affect human sustainability include agricultural efficiency, levels
of conservation, and urban planning.] [Assessment Boundary: Assessment for
computational simulations is limited to using provided multi-parameter
programs or constructing simplified spreadsheet calculations.]

HS-ESS3.4 Evaluate or refine a technological solution that reduces
impacts of human activities on natural systems.* [Clarification Statement:
Examples of data on the impacts of human activities could include the
quantities and types of pollutants released, changes to biomass and species
diversity, or areal changes in land surface use (such as for urban
development, agriculture and livestock, or surface mining). Examples for
limiting future impacts could range from local efforts (such as reducing,
reusing, and recycling resources) to large-scale geoengineering design
solutions (such as altering global temperatures by making large changes to
the atmosphere or ocean).]

Digital Tools & Supplementary Resources:
Tools and resources that can augment the learning experience for students




