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Estuaries 101 Curriculum

Curriculum Overview

The Estuaries 101 Curriculum was produced
for the National Oceanic & Atmospheric
Administration (NOAA) and the National
Estuarine Research Reserve System (NERR)
by TERC.

To download the Estuaries 101 Curriculum

& access other materials, visit
http://www.coast.noaa.gov/estuaries/
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Purpose & Goal

With the many threats that our nation’s oceans face, it
is time for a new era of ocean literacy and enhanced
efforts to prepare today’s children to be tomorrow’s
ocean stewards. Estuaries are an ideal topic to excite
students about studying the ocean because of the
strong personal connections people have with estuar-
ies—from treasured recreation experiences, scenic
views during transits, to making a living on the water.
Advancing estuarine, coastal, and ocean literacy is a
priority of NOAA’s National Estuarine Research
Reserve System (NERRS). It is our expectation that,
through the Estuaries 101 Curriculum, students and
teachers will gain an understanding of the great im-
portance of estuaries and the intricate connections it
has with the ocean and climate systems.

The goal of Estuaries 101 is for students and teachers
throughout the nation to become more ocean literate
through increasing their knowledge of coastal and
estuarine science and how estuaries affect their daily
lives. To achieve this increased literacy, teachers will
use this estuaries.gov site to access the modules and
activities for grades 9-12 and an online interface to
real-time and archived estuarine monitoring data
(from NERRS’ System Wide Monitoring Program).
Use of the Estuaries 101 Curriculum will be
encouraged and supported through professional
development trainings hosted at 27 Reserves and at
professional meetings across the nation.

Using the Estuaries 101 curriculum, teachers will be
able to teach their students about Earth System
Science using coastal and ocean data. Through this
curriculum—which includes interactive investigations,
field studies, and data analysis—teachers and students
will learn that estuaries provide shelter, spawning
grounds, and food for many species, that they act as
buffers to improve water quality, reduce the effects of
floodwaters, and prevent erosion, and that coastal
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areas provide value to humans in the form of recrea-

tion, scientific knowledge, aesthetics, commercial and
recreational fishing, and transportation (Thayer et al.,
2003).

Why teach about estuaries?

Estuaries offer a wonderfully rich context for science
education and inter-disciplinary learning. Estuaries are
dynamic environments with a daily flux of ocean
flows mingling with river water, creating a remarkably
diverse range of life and ecosystems. As a result, they
offer learners a convergence of such fields as Earth
systems science, biology, chemistry, geography,
geology and marine science. For example, students
develop math skills through detailed measurements,
modeling phenomena such as growth and cyclical var-
iation, and analyzing data to make comparisons across
multiple estuaries. They develop language skills as
they read and write about estuary-related topics and
communicate their explorations and findings with
other students and scientists. Since estuaries have also
played a significant role in human settlement,
exploration and development, students gain new eyes
on human history, geography and culture.

Most estuarine concepts and skills are part of the
national and state science standards. Although
"estuaries" per se may not appear prominently in
many state standards, the underlying science concepts
embodied in estuaries have broad connections
throughout the standards. For example, most state
science education standards refer to understanding
"Earth as a system", with interwoven cycles and
processes relating to land, air and water. Estuaries
provide engaging and accessible examples of these
processes at work. Estuaries also integrate key con-
cepts in biology (e.g. habitat adaptations), chemistry
(e.g. salinity analysis) and physics (e.g. wave
motions). Furthermore, most state

standards call for inquiry-based learning

through hands-on experiments, direct

observations and active use of data - all of

which occur as students engage with estuaries.
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In addition, while learning interdisciplinary skills using
estuaries, students gain an appreciation for the im-
portance of estuaries in their lives and learn how their
behavior impacts coastal ecosystems. We believe that it
is of utmost importance to prepare tomorrow's leaders
to make sound decisions about the environment and
the nation's oceans and coasts. Students must under-
stand the crucial connection between estuaries, coastal,
and upland areas, and the effects of a growing popula-
tion.
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Students will be able to

Estuaries have unique com- Activity 1 — Survival in an Estuary

munities that are adapted to Students investigate the range of conditions that

e Describe three types of estuarine environments.

varia

selected animal and plant species need to surv

Ive In an

IC environ-

ble, dynam
ment in these transition

e Describe the particular environmental conditions necessary for

estuary. They examine data for abiotic factors that
affect life in estuaries—salinity, dissolved oxygen,

organisms to survive in an estuary.

zones between watersheds

and the ocean.

temperature, and pH. Students use archived data (trend
analysis graphs) and real-time conditions at Elkhorn

o List four principal abiotic factors that influence the survival of aquatic

life in estuaries.

Slough to predict whether a particular animal or plant

species could survive in an estuary.

e Determine the range of pH, temperature, salinity, and dissolved

oxygen tolerated by some common estuarine species.
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Estuary

iversity in an
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10
Cles revea

The b

e Describe the physical and biological components of habitats that

Students investigate the incredible biodiversity that

ir adapta-

Is the
tions to the unique and vari- exists in estuarine environments. They begin by

, consumers,

exist as part of an estuary.
e Explain the relationships between primary producers

exploring the Rookery Bay National Estuarine Research
Reserve using Google Earth. Students then produce an

estuary biodiversity concept map and individual

habitats.

able estuarine

and secondary consumers.

e Describe some adaptations of living organisms to the changing
conditions within an estuary.

organism profile that becomes part of an estuary wildlife

exhibit.

e Explain why biodiversity is important and worth preserving in an

estuary.
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Elkhorn Slough
NERR, California

The Estuarine Environment

Surviving Changes: Abiotic
Factors that Affect Life

Surviving in an Estuary: Extreme
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Direct your students to the Central Data Management Office Web
site: <cdmo.baruch.sc.edu/>. Help students navigate through the site
until they can successfully download trend

analysis data for 2005 from one monitoring station at four other
NERR sites. Encourage them to choose sites both in your region and
in other parts of U.S. coastal areas. OR, download sample data from
four sites and hand them out to students.

Direct students to fill out an Extreme Conditions table for each site.

Have students create graphs comparing parameter ranges and time
between extremes for new sites with South Marsh data.

Discuss with students the patterns they see and ask them to explain
why the ranges and rates of change for each factor vary at different
estuary sites. Or ask them to write their answers down and collect
student work to serve as a summative
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Use the concept maps from Part 2 as an assessment of student
understanding of the relationships between habitats, characteristics
of the habitats, and the species that inhabit the estuary.

A simple way to do this is to give 1 point for each link on the concept
map between two of the three variables. Then, award 2 points for
each double link (two lines that reveal a relationship). Add 3 points for
complex interrelationships in the concept map (3 or more lines com-
ing from one box). Establish a class scale based on the total points
given for each poster.

Evaluate the Wildlife Exhibit posters as a summative performance
assessment for this activity.

Have a discussion with students after the Wildlife Exhibit viewing has
ended. Ask students:

a. Which animals or plants in Rookery Bay are endangered?

b. What conditions in the estuary have caused populations of each
of the endangered species to decline? Are any actions being
taken or projects underway to protect the remaining population
and support its recovery?

Estuaries 101 Curriculum
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prevent large-scale pollution spills like this in

ment of Environmental Quality about how to
the future.

students produce a timeline of the spill event

changes inherent in, the chemistry of estua-
with recommendations to the state Depart-

graphically diverse NERR estuarine environ-

Students investigate water quality parame-
ments.

between the watershed and ters to study the nature of, and the cyclical
over time—current, daily, and yearly time
scales—and compare water quality values
over a yearly time scale in three different
estuaries. Then students take water quality
measurements at a site near them and
parameters in their model. They then study
the actual spill, analyzing various forms of

data to determine the date of the spill and
identify how the spill changed water quality

Activity 1 — Chemistry in an Estuary
compare it to the water in the three geo-
Students make a model of a pollution spill
parameters in the estuary during and after
the spill. They speculate on how various life
forms in the estuary were affected. Finally,

that occurred at Bangs Lake
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Curriculum Design

Modular Approach

Estuaries 101 was developed as a series of Modules for
very specific educational reasons. AAAS Benchmarks
(1993) notes that an overstuffed curriculum overempha-
sizes short-term memorization and impedes “the acqui-
sition of understanding." A modular approach can help
combat the difficulty of "a mile wide and an inch deep".
Modules that focus on select concepts can facilitate
deeper interaction with content and allow for
project-based work.

Modules also offer usability advantages. Modules allow
teachers to diversify their curricula by selecting
standards-relevant content from various sources. The
NSES Standards recognizes that integrated and thematic
approaches can be powerful. Indeed, it is rare for high
school science teachers to have the opportunity to
dedicate a full-year or semester-long curriculum to the
study of estuaries exclusively. However, it is quite com-
mon for high school teachers to incorporate several plug
-in modules that allow them to cover standards and
meet curriculum objectives in novel ways, through
different perspectives, or with a particular focus in a top-
ic such as estuaries.

The concepts within a study of estuaries can be woven
into existing Earth, life, or physical science courses via
plug-in modules by meeting standards and without
contributing to an "overstuffed" curriculum.

Types of Experiences

Students learn best when they are immersed in topics
they care about and are pursuing questions of personal
relevance. The Estuaries 101 Modules take advantage of
this, embedding the learning in investigations of dynam-
ic estuaries.

Specifically, there are three different types of experienc-
es in the activities:

* Data analysis,
* Field experiences, and

* Classroom experiments.

In the data analysis experiences, students work with ac-
tual data collected at the estuary upon which an activity
focuses. They analyze graphs, data tables, and maps for
the purpose of understanding a broader concept,
relationship, or system, just as the scientists who study
the estuaries do. For example, in Farth Science Activity
4: Extreme Weather and Estuaries, students monitor
and interpret the changes in water quality factors, such
as salinity and turbidity, day by day as a severe storm
approaches, strikes the estuary, and then dissipates.

In the field experiences, students explore actual estuary
locations virtual and in person. The activities do not as-
sume that teachers and students will be able to get out-
doors and to an actual estuary for hands-on experiences,
so virtual field trips are included, using Google Earth
and other online systems. For example, in Physical Sci-
ence Activity 2: Dissolved Oxygen in an Estuary, stu-
dents use the Web to take a virtual field trip to two sites
in Narragansett Bay, Rhode Island, where an interactive
tool allows them to access various water quality sensors
at different depths for the purpose of considering the
relationships between dissolved oxygen and water tem-
perature. In addition, the NERR system provides a
range of award winning education programs, including
hands-on field experiences for students, and the Estuar-
ies 101 Modules are designed to complement and relate
to such experiences if you are able to actually visit one
of the 27 reserves around the country. (See the Web site
for additional information.)

Finally, in the classroom experiments, students get
hands-on with some of the various factors and condi-
tions important to estuaries and to the data they are
studying from those estuaries. Aspects of the estuaries
are brought into the classroom, where variables can be
controlled and changed, models can be made and ma-
nipulated, and experiments can be conducted. For exam-
ple, in Life Science Activity 2: Nutrients in an Estuary,
students create estuary models in which they artificially
enrich both fresh and salt water samples with different

Estuaries 101 Curriculum
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amounts of nutrients, observe the growth of algae over
time, and relate their results to the phenomenon of algae
blooms in estuaries.

Scaffolding and Supports

In the activities, these experiences are scaffolded and sup-
ported by background information for both the teachers
and students, since there is a role for reading and direct
delivery of content in learning, as part of the overall pro-
cess; by student sheets, which provide guidance through
the experiences and ask both specific response and reflec-
tion questions to ensure that students are on track and are
thinking about what they are doing and why; by assess-
ment pieces for individual activities and for entire Mod-
ules, providing a means for both grading, as appropriate,
and checking in with student advances in understanding;
and finally by optional extension inquiries, which provide
suggestions on how the concepts, skills, data, and ques-
tions addressed in the activities can be pursued in more
depth by classes or individuals interested in taking their
explorations to the next level.

Estuaries 101 takes a rich educational approach, with op-
portunities to engage a wide-variety of school and class-
room situations and all types of learners in exploring the
science and excitement of estuaries.

Design, Review, and Testing of the Materials

A great deal of thought and energy went into the initial
design and development of the Estuaries 101 Modules.
This involved extensive work on defining a scope, con-
ceptual sequence, and detailed rationale for all of the ac-
tivities; standards matching; the development of and
alignment with core principles and concepts; and the
identification of activity-specific learning objects. (See the
Core Principles section of this guide, the Standards
Matching materials available on the Web, and the individ-
ual activities for more details.)

In addition, the Modules were reviewed by NERRS edu-
cators and scientists at numerous stages during their de-
sign, development, and revision to ensure that the final
activities are scientifically rigorous and meet the educa-
tional needs of the NERRS and the teachers and students

o et if
N4 e
K5
TERC

with whom they work.

Finally, all of the Estuaries 101 activities were pilot
tested by teachers and students. Feedback was gath-
ered from this testing, and revisions and additions
were then made to the activities and assessments to
specifically address the needs, desires, and realities of
implementing the Modules within real classroom set-
tings.
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NOAA National Estuarine Research Reserve System

NOAA's National Estuarine Research Reserve System (NERRS) strives "fo enhance public awareness and
understanding of estuarine areas, and provide suitable opportunities for public education and interpretation.”
The NERRS compirises 27 reserves, and is a great resource for all things related to estuarine ecology. The reserve
system provides a range of award winning education programs ranging from hands-on field experiences for
students to professional development opportunities for teachers. Reserve educators provide regularly
scheduled public programs and special events and partner with local schools, community-based organizations
and volunteers.
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