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CURRENT LOG – We’re excited to bring you another general issue of Current featuring articles by members all over the country and
overseas. This issue offers a variety of engaging articles and activities, from teachers in the Chesapeake Bay that are bringing integrated
and systemic educational experiences into classroom curriculum, to an overview of the International Pacific Marine Educators
Conference held in Japan in 2014 and how this international network of marine educators are contributing to the sustainable utilization
and conservation of global environments; as well as many other exciting topics that provide new ways to discover “the world of water.”

We publish four digital issues of the journal each year, so please continue to send in your original manuscripts on research, lessons,
resources, or strategies focused on marine education, including science, art, literature, and maritime history. For contributor guidelines,
please visit our website at http://www.marine-ed.org/ and scroll down to Current: The Journal of Marine Education and click on
“Learn More.” The deadline for the October issue is August 3, 2015 and for the December issue is September 15, 2015.
Later this month, NMEA is gearing up for our 2015 annual conference hosted by the Southeastern New England Maine Educators
(SENEME), June 29 through July 2, in Newport, Rhode Island. The theme is Ocean State, Ocean Planet: Exploring Our World of
Water. The conference hosts general and concurrent sessions, workshops, field trips, and evening events, including a visit to the Mystic
Aquarium, field trips to the Rose Island lighthouse, whale watching in the port of Gaililee, and kayaking along the Rhode Island coast,
and more. For details about the conference, visit the NMEA website at www.marine-ed.org/. To stay connected with the NMEA and be
part of the conference from afar, like us on Facebook at www.facebook.com/NatlMarineEd and follow us on Twitter at www.twitter.
com/NatlMarineEd for the latest news and updates.
Cheers and hope to see you in Newport this summer!
Lisa M. Tooker, Nora L. Deans
Editors
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Do You See Me? How Fish Play Hide and Seek
BY MATTHEW C. HUNNEWELL, MARY CARLA CURRAN, AND MICHELE B. SHERMAN

ABSTRACT
Fishes use different types of camouflage to avoid predation
and find food. Common types of camouflage are background
matching, disruptive coloration, and color changing.
Background matching enables individuals to appear the same
color or color pattern as their surroundings, making it easier
to hide from predators. In this activity, students color and
camouflage a fish using background matching. The students
then test how well they camouflaged their fish by observing
whether the school principal, serving as the “predator,” finds
their fish. Both Next Generation Science Standards and
Ocean Literacy Principles are addressed in this activity.

INTRODUCTION
There are over 25,000 species of fish worldwide (Moyle and
Cech 1999). They can be found in many different habitats,
including estuaries, coral reefs, and the deep sea. Fishes often
use a type of camouflage called background matching, which
enables individuals to appear the same color or color pattern
as their background (Endler 1978). This strategy makes it
easier to hide from predators (Endler 1978; Merilaita and
Lind 2005; Kjernsmo and Merilaita 2012). Avoiding predators
gives an individual fish a better chance of survival, which
can increase the likelihood of reproducing and passing on its
genetic material. A flatfish is a great example of an animal that
uses background matching. An adult flatfish is different from
other fishes because both eyes are on the same side of the
flatfishes’ head (Moyle and Cech 1999). A flatfish lies on the
bottom of its habitat, with the eyed-side facing up, and relies

on background matching to hide from predators. Kelman et
al. (2006) found that juvenile plaice, a species of flatfish,
displayed similar body patterns to that of their backgrounds,
with individuals exhibiting faint spots and blotches when the
background was plain and predominant blotches when the
background consisted of pebbles. Though fishes are a great
example of animals that exhibit background matching, several
other animals in nature also use this strategy, including
cephalopods (Hanlon et al. 2009); crustaceans (Todd et al.
2006); and amphibians (Stegen et al. 2004). Some pictures
of background matching in nature can be accessed at National
Geographic (http://ngm.nationalgeographic.com/2009/08/
mimicry/mimicry-interactive). In this activity, students use
classroom materials to color and camouflage a fish in the
classroom environment using background matching. They
then observe how coloration directly affects survival when
the school principal, serving as the “predator,” searches for
their fish.

ACTIVIT Y
GRADE LEVEL
6 (Science)

STANDARDS
Next Generation Science Standards (NGS, 2013)
Standard: MS-LS1: From Molecules to Organisms:
Structures and Processes (p. 67)
Performance Expectation: MS-LS1-4. Use argument based
on empirical evidence and scientific reasoning to support
an explanation for how characteristic animal behaviors and
specialized plant structures affect the probability of successful
reproduction of animals and plants, respectively. (p. 67)
Science and Engineering
Practices

Disciplinary Core
Ideas

Developing and Using
Models

LS1.B: Growth and
Development of
Organisms

Engaging in Argument
from Evidence

Crosscutting Concepts
Cause and Effect

OCEAN LITERACY PRINCIPLES
Figure 1. The bay whiff (Citharichthys spilopterus) displays a type
of camouflage known as background matching, which enables
the fish to appear as the same color or color pattern of its background. Courtesy of Hannah Zook

2

Principle 5: The ocean supports a great diversity of life and
ecosystems.
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Figure 2. Fish to be cut out and camouflaged by the students. Courtesy of Matthew C. Hunnewell

SAFETY
Students will need to use caution when working with scissors.

MATERIALS
•
•
•
•
•
•
•

One fish sketch for each student (see Figure 2)
Scissors
Crayons, colored pencils, and/or markers
Double-sided tape
Pencils or pens
Science journals or piece of paper
“Do You See Me?” Assessment worksheet (see page 4)

LEARNING PROCEDURE
1. Discuss background matching with students, and how
camouflage can help an individual survive.
2. Provide each student with a sketch of a fish (see
Figure 2). Ask students to cut the fish out and write
their names on the back. Once the fish are cut out,
instruct the students to camouflage them using crayons,
colored pencils, and/or markers, so that they blend
into the classroom environment. Students should
look around the classroom and have an idea of where
they are going to place their fish before coloring them.
Note: the fish must have some color on it (e.g., a solid
white fish may not be placed on a whiteboard).
3. Once the fish are colored, ask the students to place them
on any surface in the classroom using double-sided tape.
Tell the students that the fish may not be hidden behind or
under any objects.
4. Instruct the class to count how many fish were placed
around the classroom, and have each student write this
information in his/her science journal or on a piece of
paper.

5. Invite an administrator, such as the school principal or
another teacher to come into the classroom and be a
“predator.” The “predator” will have one minute to “prey”
upon or find as many fish as possible. Ask the administrator
or teacher to remove any fish that they find and keep the
fish in the same order in which they are found. Instruct all
students to remain quiet during this process.
6. Have students record how many fish were “preyed” upon
or found. Place the fish in the same order in which they
were preyed upon by the predator on a desk or table. Ask
students to examine the first five fish that were preyed
upon and write down details about the coloration of each
fish (e.g., colors and color patterns) in their science journals
or on a piece of paper.
7. Ask students to count and examine all of the fish that are
still camouflaged (e.g., not found by the predator) around
the room and write down this information, as well as details
about the coloration of each fish (e.g., colors and color
patterns) in their science journals or on a piece of paper.
8. Discuss as a class the characteristics (e.g., colors and color
patterns) of the fish that the predator found. Lead the
same discussion about the fish that were not found by the
predator. The students can be prompted with questions
such as: are there any noticeable differences in color
between fish that were found and not found; are there
noticeable differences in color patterns. Answering these
and other similar questions is useful in a student’s understanding of the complexity and importance of camouflage.

MODIFICATIONS
For further enrichment, this activity could be repeated
several times and calculations could be made to determine
if fish with more colors are captured more frequently. This
Continued on page 5...
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“DO YOU SEE ME?” ASSESSMENT

Complete the following questions using notes written down in your science journal or on a piece of paper.
1. How many fish were placed around the classroom? (5 pts)
2. How many fish were “preyed” upon (e.g., found by the predator)? (5 pts)
3. What percentage of fish in the classroom was “preyed” upon? (10 pts)
Formula: (# of fish found / total # of fish) X 100 = % preyed upon
Show work:
4. How many fish avoided predation (were not found by the predator)? (5 pts)
5. What percentage of fish remained camouflaged? (10 pts)
Formula: (# of fish not found / total # of fish) X 100 = % remained camouflaged
Show work:
6. Describe the colors/color patterns of the first five fish that were “preyed” upon, and explain why you think they were the first
fish found. (15 pts)

7. Describe the colors/color patterns of some of the fish that were not “preyed” upon (e.g., remained camouflaged at the end of
the activity), and explain why you think the predator did not “prey” upon those fish. (15 pts)

8. Write two to three sentences hypothesizing how the colors and/or color patterns you used to camouflage your fish helped it to
survive or caused it to be found by the predator. (15 pts)

9. Write a short paragraph about why camouflage is important to fish survival. (20 pts)

4
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Figure 3. Examples of fish that students colored and camouflaged into the classroom environment using background matching. Note
that the fish in both pictures were not placed behind any objects, but were camouflaged in such a way that they blended in with their
backgrounds. Courtesy of Matthew C. Hunnewell
activity could also be conducted using modified sketches of
fish that are drawn to different sizes to determine if size has
an impact on the overall survival of a camouflaged fish. The
teacher could incorporate the fun of searching for fish in the
classroom as a means of introducing the topic by coloring a
few fish ahead of time and having the students find them.
The teacher could also repeat the activity after students learn
what the best matching strategies are from the first round
and have them hide a new fish to determine if camouflaging
skills improve.

their classrooms and the materials used to develop this activity.
Thank you to Beach High School and Islands High School
in Savannah, Georgia, and the students who participated
in this activity and provided input on ways to make it more
educational and fun. A special thanks to Katherine Doyle for
her editing assistance. Efforts of M.C. Curran and Michele B.
Sherman were funded by a Department of Education Title VII
grant (Award # P382G090003). This publication is also listed
as Contribution Number 1731 of the Belle W. Baruch Institute
for Marine and Coastal Science.
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Enhancing Climate Education for a Changing
Chesapeake Bay
BY SARAH NUSS AND JACLYN BECK

The Chesapeake Bay National Estuarine Research Reserve
in Virginia (CBNERR), located at the Virginia Institute of
Marine Science (VIMS), coordinates Climate Education for
a Changing Bay (CECB), a program providing meaningful
watershed educational experiences (MWEEs) that are fully
integrated and systemic into the classroom curriculum for ninth
grade students in Gloucester and Mathews County, Virginia.
CECB also provides interrelated professional development
opportunities for teachers in the region. The overall objective
of CECB is to improve climate literacy within local high schools
by advancing the use of locally relevant environmental data
and information in classroom curriculum, field experiences,
and professional teacher training. Students have three
experiences with CBNERR Education staff: a classroom visit
will be the students’ initial exposure to climate change science
and the impacts that it will have on natural ecosystems, coastal
communities, and local issues; a field experience on the
schoolgrounds outlined in the activity; and a field experience
at VIMS. Throughout the program, salt marshes are used as
a model ecosystem to study the impacts of climate change.

BACKGROUND
The impacts of climate change on coastal areas will be seen
across a diverse suite of physical and chemical variables
including changes in air, water, and soil temperatures; water
chemistry (e.g., pH, dissolved oxygen, and inundation of
saltwater); the quantity, timing, and intensity of precipitation;
the intensity of storm events; and changes in sea level.
Understanding changes in sea level and inundation, and
the associated responses of critical habitats and coastal
communities are all key to the Chesapeake Bay region. Relative
sea level rise rates and associated impacts within the southern
Chesapeake Bay region represent some of the highest rates
and threats reported along the U.S. Atlantic coast (Boon et al.
2010). Coastal wetlands are highly valuable and productive
ecosystems, which have long adapted to changing sea levels.
There is a heightened level of concern about the impacts
of sea level rise. However, concern is justifiably given that
current and projected rates of sea level rise reflect a greater
increase over what we experienced during the last century.
Salt marshes are a key habitat to the coastal area, and one that
faces immediate impacts due to sea level rise.
Salt marshes provide many ecosystem services. They provide
feeding, spawning, and nursery habitats for fish, shellfish,
and birds. Furthermore, salt marshes and upland forests

Figure 1. Goodwin Island, part of the National Estuarine
Research Reserve in Virginia, is a study site for the data used in
this lesson. Courtesy of CBNERRVA Stewardship Program
associated with estuaries act as filters to remove excess
nutrients and contaminants from storm water runoff. Marshes
also help with flood and erosion control, acting as sponges
and stabilizing the sediment. Many people also benefit from
the marsh, whether recreationally through fishing, crabbing,
and boating; or economically through a related career, such
as environmental consulting, environmental education, or
the seafood industry. Organisms living in the salt marsh face
many environmental parameters on a daily basis, such as
tides, waterlogged soils, temperature, and salinity. While some
animals and plants have unique adaptations that allow them
to thrive in this environment, ultimately elevation determines
the zonation of the marsh paired with competition for space.
Marshes have different zones based mainly on elevation, and
different plants and animals characterize each of the zones.
Over time, sediment builds up, and the marsh begins to grow
vertically, leading to the development of zones.
While marshes can grow vertically through sediment build
up, there is concern whether the deposition of sediment
is keeping up with the rate of sea level rise. Marsh plants

7
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are expected to respond to sea level rise by migrating
toward high elevations. This process is being monitored
at Sentinel Sites and by the National Estuarine Research
Reserves (NERRS). Surface elevation is an important
structural component of low-lying coastal areas (Scott and
Hensel 2007). NERRS scientists are using Surface Elevation
Tables (SETs), portable measuring instruments deployed
atop wetland vertical benchmarks, to measure millimeterlevel changes in surface elevations over time (see https://
www.youtube.com/watch?v=KRRKWnmOHwo). Housing,
infrastructure, and other human modifications are expected
to limit the space of this potential marsh plant migration.
Coastal counties continue to grow, placing more stress on
their surrounding ecosystems. Not only does development
impact marsh regression, development can also cause
a significant amount of sediment to runoff, increasing the
turbidity. As people become more aware of climate change
and its associated impacts, hopefully we can reduce our
impact on the environment.

ACTIVIT Y
EXAMINING SEA LEVEL RISE SCENARIOS
THROUGH MOCK MARSH TRANSECTS
Students will work in groups to survey a mock, locally relevant,
marsh habitat that includes dominant plant community types.
Students use elevation data to construct and interpret a
profile of the mock landscape. Students will understand local
vegetative species found in each marsh zone, and how sea
level rise may impact the marsh habitat. Students will be able
to interpret elevation and elevation changes in a real world,
hands-on example. This activity fits well with the National
Science Content Standards for Earth Science students in
grades 9 to 12. The activity also addresses the concept
that the ocean and humans are inextricably interconnected,
which is one of the literacy principles outlined by the Ocean
Literacy Network. The activity highlights three Climate Literacy
principles: Life on Earth depends on, is shaped by, and affects
climate; human activities are impacting the climate system;
and climate change has consequences for the Earth system
and human lives.

OBJECTIVES
•

Explain the difference between tidal elevation, storm
surge, and sea level rise due to climate change.

•

Measure the impacts of sea level rise on marsh communities.

•

Construct a marsh transect following a set of instructions
(this is measurable).

TEACHING TIME
One 90-minute class period

8

Figure 2. Scott Lerberg, Stewardship Coordinator for CBNERR,
demonstrates his SET work. Courtesy of Jaclyn Beck

LEARNING PROCEDURE
1. Hand out instructions and corresponding questions to
each group (See Example Student Worksheet on page 11).
2. Explain to the groups that they are creating a marsh
transect, and they need to imagine that they are starting at
the water’s edge and working away from the water toward
a high elevation.
3. All groups should work parallel to each other with their
transect line running in the same direction.
4. Students are divided into three groups: Tides, Storm, and
Sea Level Rise. Each group follows similar instructions to
create a different transect line.
a. Run the transect line out 12m along the length of
the schoolyard.
b. Every 1.5m along the transect line hammer a stake
into the ground roughly 1 inch deep. Be sure the stake
is secure and standing up straight.
c. Place the PVC pipes on top of the stakes. The mud
painted on the pipes should increase in elevation as
you get further away from your starting point, and
should be placed so that the mud is touching the
ground.
d. Current mean high tide is 0.33m above sea level.
Measure from the ground up to 0.33m and place a
piece of blue duct tape on the PVC pole at that
location. Do this on all of the poles until that elevation
is no longer above the mud.
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Sea Level Rise: By the year 2050, sea level is projected
to be 0.5m above current mean sea level. Measure
from the ground up to 0.5m and place a piece of red
duct tape on the PVC pole at the location; do this on
all of the poles until the elevation is no longer above
the mud. Take your red rope and connect it along the
poles at the location with the duct tape. If there is no
tape at the pole, then drop the rope at the last pole with
tape. The red rope represents 2050 sea level. With an
accelerated rate, by the year 2050, sea level is projected
to be 0.86m above current mean sea level. Measure
from the ground up to 0.86m and place a piece of red
duct tape on the PVC pole at that location. Do this on all
of the poles until that elevation is no longer above the
mud. Take your other red rope and connect it along the
poles at the location with the duct tape. If there is no
tape at the pole, then drop the rope at the last pole with
tape. This red line represents the accelerated projection
of sea level in 2050.
FIgure 3. Students place PVC poles along their transect line to
show marsh elevation increasing with distance from the water’s
edge. Courtesy of Kristen Sharpe
e. Use blue rope and connect it along the poles at the
locations with the duct tape. If there is no duct tape
at the pole, then drop the rope there. The blue rope
represents high tide.
f. Now, attach the three marsh plants (Smooth
cordgrass, Spartina alterniflora; Saltmeadow hay,
Spartina patens; and Marsh elder, Iva frutescens) to a
pole or zone that they are most likely to thrive in.
g. Note: each group will have different instructions for
this step.
Tides: During a spring tide, water level is 0.46m above
mean sea level. Measure from the ground up to 0.46m
and place a piece of white duct tape on the PVC pole
at that location. Do this on all of the poles until that
elevation is no longer above the mud. Take your white
rope and connect it along the poles at the locations
with the duct tape. If there is no tape at the pole, then
drop the rope at the last pole with tape. The white rope
represents spring tide.
Storms: During Hurricane Isabel, the water level reached
1.9m above sea level. Measure from the ground up to
1.9m and place a piece of green duct tape on the PVC
pole at that location. Do this on all of the poles until that
elevation is no longer above the mud. Take your green
rope and connect it along the poles at the locations
with the duct tape. If there is no tape at the pole, then
drop the rope at the last pole with tape. The green rope
represents the water level during Hurricane Isabel.

h. Change the location of your plants, if needed, based
on the changes to your water level.
5. Take a step back from your transect and make some observations about what you see.
6. Answer the questions on the Example Student Worksheet
about your transect alone.
7. Once all of the groups have created their mock transects
and answered the attached questions, bring everyone
together on one side of the activity to review.
8. Have students explain their observations. Point out the
different sea levels and changes in elevation throughout
the poles. Have students tell you the water level represented by the different colored ropes.
9. Ask students the following questions:
•

What is a spring tide? What happens during a spring tide?

•

How did you decide where to place your plants?

•

What influences marsh zonation?

•

What is the highest water level represented? What are
some impacts that were faced during this storm?

•

Why are there two different water levels showing
projected sea level by the year 2050? How do scientists
get these numbers?

•

What are some impacts we could face in 2050 due to
a higher mean water level?

•

What will the marsh do as sea level rises?

•

How can we reduce our impact on climate change?

9
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Figure 4. Student placing smooth cordgrass (Spartina alterniflora) along the marsh transect line. Courtesy of Kristen Sharpe

EXTENSION
Create a long vertical ruler and have students place known
elevations on the ruler (i.e., water levels from the activity,
known area elevations within the community, such as school
elevation, main street elevations, etc.). A good place to look
for basic elevation information is Google Earth. This allows
students to see how all of the elevations relate to each other
within vertical space. Please visit our website for a complete
listing of activities, as well as the VIMS site at www.vims.edu/
cbnerr.
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Figure 5. Three transect lines are completed to show marsh elevation and sea level during Hurricane Isabel, high tide, spring tide,
and projected sea level rise in the year 2050. Courtesy of Sarah Nuss
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EXAMPLE STUDENT WORKSHEET
GROUP 3 – SEA LEVEL RISE MEMBERS

Your group will be completing a mock transect of a
marsh habitat. You may use this graph as a reference
when completing your transect. The numbers that
you will use are listed below. For this activity, “0”
represents current mean sea level.
High Tide Elevation: 0.33m
Projected Sea Level by 2050: 0.5
Accelerated rate Sea Level by 2050: 0.86m.
1.

Run the transect line out 12m along the length
of the school yard, walking towards the woods,
away from the benchmark.

2.

Every 1.5m along your transect line, hammer a stake into the ground roughly 1 inch deep (use caution, group members involved in
this step must wear gloves, the hammer is to be used ONLY on the stakes). Be sure that the stake is secure and standing up straight.

3.

Place the PVC pipes on top of the stakes, the mud painted on the pipes should increase in elevation as you get closer to the woods.
See the graph above for an example, the brown line represents the elevation of the mud. Check to make sure you are correct before
moving on!

4.

Current mean high tide is 0.33m above mean sea level. Measure from the ground up to 0.33m and place a piece of blue duct tape
on the PVC pole at that location. Do this on all of the poles until that elevation is no longer above the mud. Don’t press tape down
all the way!

5.

Take your blue rope and connect it along the poles at the location with the duct tape. If there is no tape at the pole, then drop the
rope there. The blue rope represents high tide.

6.

Now Velcro the three plants on to the pole or zone that they are most likely to thrive in. Remember smooth cordgrass can be regularly
inundated, saltmeadow hay is irregularly inundated, and marsh elder is rarely inundated.

7.

By the year 2050, sea level is projected to be 0.5m above current mean sea level. Measure from the ground up to 0.5m and place
a piece of red duct tape on the PVC pole at that location; do this on all of the poles until that elevation is no longer above the mud.

8.

Take your red rope and connect it along the poles at the location with the duct tape. If there is no tape at the pole, then drop the rope
at the last pole with tape. The red rope represents 2050 sea level.

9.

With an accelerated rate, by the year 2050, sea level is projected to be 0.86m above current mean sea level. Measure from the ground
up to 0.86m and place a piece of red duct tape on the PVC pole at that location. Do this on all of the poles until that elevation is no
longer above the mud.

10. Take your other red rope and connect it along the poles at the location with the duct tape. If there is no tape at the pole, then drop
the rope at the last pole with tape. This red line represents the accelerated projection of sea level in 2050.
11.

Change the location of your plants should you need to based on the water levels from sea level rise.

12. Everyone take a step back from your transect and make some observations about what you see on a sheet of paper. (Find the
complete list of questions and student worksheets for the full activity posted on the website.)
13. Please answer the questions based on your transect alone.

11
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Self-Awareness at International Pacific Marine
Educators Conference 2014 Japan
BY TSUYOSHI SASAKI

ABSTRACT
The International Pacific Marine Educators Network
Conference (IPMENC) was held in the summer of 2014
in Tokyo and Iwate Prefecture. The main conference was
held at Tokyo University of Marine Science and Technology
(TUMSAT), with 128 attendees, including 20 marine
educators from eight countries. The conference focused
on four themes centering on reconstruction scenarios after
the tsunami, including discussions about the contributions
marine education played in the recovery efforts. After the
main conference, attendees travelled to Iwate Prefecture to
meet with local people living in the peaks of the highest
mountains, along riversides, and near the coastal areas of the
devastated region. The conference supported the need for
the IPMENC, an international network of marine educators,
to continue educating and contributing to the sustainable
utilization and conservation of global environments.
After four successful conferences held throughout the Pacific
Rim (Hawaii, 2007; Australia, 2008; Fiji, 2010; and Chile,
2012), the fifth IPMENC was held in Tokyo and Iwate on July
11-16, 2014. Twenty marine educators were in attendance,
hailing from eight countries, including the United States,
Mexico, New Zealand, Australia, Thailand, Indonesia, Belgium,
and Sweden. The conference’s main objective was to create
an environment in which those concerned about Pan-Pacific
affairs could help others develop a better understanding
of the interconnectedness between the ocean and human
beings through establishing international marine education
networks; a deeper recognition and understanding of the
ocean; and encouraging responsible and creative decisions
and actions. The mission of the conference was to preserve
and protect the ocean, as well as increase awareness.
The 2014 conference focused on four main topics: 1)
how can marine education contribute to the development
of coastal areas hit by natural disasters; 2) what types of
marine education should be shared to help others prepare
for natural disasters in coastal areas; 3) what role should
marine education play in maintaining a good balance
between traditional ecological knowledge, science, and
technology; and 4) how should marine education contribute
to promoting an understanding about diet, culture, and
tradition? (The schedule of the IPMENC is shown in Table 1
on page 13.)

Figure 1. Junior high school students reported on education
activities related to the Aquatic Marine Environment Education
in English. Courtesy of Tsuyoshi Nieda Eduardo
Recognizing the importance and need for discussing the
four main topics from the conference led to the International
Marine Education Symposium at TUMSAT on July 12, 2014,
with 128 people participating. After University President, Dr.
Okamoto presented a welcome speech, junior high school
and high school students from the local Minato-ward, and
junior high school students from the disaster-stricken area
(Iwate Prefecture) reported on education activities related
to the Aquatic Marine Environment Education in English (see
Figure 1).
Following the welcome speech, Professor Kanda of TUMSAT
introduced research outcomes of the radioactivity monitoring
off Fukushima. His research was conducted onboard the
training ship owned by the university. In the afternoon, 12
research outcomes in response to the four focus areas were
introduced by ocean education researchers from each nation.
Professor Mike Spranger from the University of Florida, Sea
Grant introduced the examples of Hurricane Katrina and the
BP oil spill. Mr. Spranger discussed the efforts made in raising
awareness and conducting ongoing educational activities in
local communities to increase preparedness in the case of
future natural disasters, potentially reducing damage and
encouraging smoother recovery periods.
Continued on page 14...
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Table 1. The schedule of the International Pacific Marine Educators Conference 2014 Japan
July 10, 2014
✓

Conference Registration at Tokyo University of Marine Science and Technology (TUMSAT)
July 11, 2014

✓

Fish Market (Tsukiji)

✓

Lecture on the TUMSAT Shin-Yo Maru Research Vessel

✓

Ministry of Education, Culture, Sports, Science and Technology

✓

The Edo-Tokyo Museum

✓

Sato-Umi Workshop in Shibaura

✓

Dinner at Tennozu Isle Restaurant

✓

Conference Opening in TUMSAT

✓

Night Cruise Dinner in Tokyo Bay

July 12, 2014

July 13, 2014
✓

Visit Iwate Prefecture by Shinkansen, Greetings from Vice-president of Iwate University, and Representative of
Iwate Prefecture at Morioka Station

✓

Lunch Menu: Wanko Soba Noodle in Azumaya Restaurant

✓

Visit Morioka City (walking tour and meeting with local residents of the Nakatsu River region)

✓

Lodge on Hayachine Mountain (prepare rural dishes, fish at the headwaters, trekking, and barbecue with
local residents)
July 14, 2014

✓

Lecture: Sanriku Recreation Park, Sanriku Geopark, Digging in Jomon Sakiyama Village at Iwate Prefectural
Fisheries (Sui-San) Science Museum

✓

Aquatic Marine Environmental Activities: Beach Observation, Kayaking, Fishing, and Yachting at Jodogahama Beach

✓

Dinner Party with Local Residents and Performance of Kuromori Kagura Dance

✓

Seafood Processing Shop “Tokue Shoh-ten” at Fujiwara Beach

✓

Visit Oh-ura branch, Sanriku Yamada Fishery Cooperative in Yamada Town

✓

Lunch and Lecture: Sea Squirt Aquaculture and Fisheries Recreation

✓

Visit Otsuchi Town Mayor (lecture, discussion, and tour of the residential property)

✓

Climb the Evacuation Hill

✓

Visit the Natural Monument Area of the Three-Spined Stickle Back, and Lecture: Otsuchi Nature School

✓

Visit University Tokyo Research Center

✓

Dinner with Local People

July 15, 2014

July 16, 2014
✓

Visit Iwate University Sanriku Fisheries Research Center, Kitasato University, Iwate Prefectural Fisheries
Research Center

✓

Arrive in Tokyo, Closing Party at Ginza Lion
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Figure 2. We enjoyed fishing with decoys for Japanese trout (Plecoglossus altivelis altivelis) in the Nakatsu River. Courtesy of Tsuyoshi
Nieda Eduardo
On July 13, we travelled to Morioka City, Iwate Prefecture on
the Tohoku Shinkansen line to visit the tsunami-hit area. At Falls
Plaza, in front of Morioka station, Iwate Prefecture, Dr. Nishitani,
Vice-President of Iwate University; Mr. Chiba, the Science ILC
Promotion Manager of the Regional Policy Department; and Mr.
Ueno, Chairman of the NPO Morioka Nakatsugawa Committee
welcomed us. We enjoyed fishing with decoys for Japanese
trout (Plecoglossus altivelis altivelis) in the Nakatsu River. The
river flows through the center of the city. The experiences and
conversations led to more in-depth exchanges between local
residents and conference attendees (see Figure 2).
We then continued on by car to Mount Hayachine, one of
100 well-known mountains in Japan. Mount Hayachine, the
highest peak in the Kitakami mountain range, is a religious
site among the fishermen of Sanriku. The coastal area in this
mountainous region has been devastated by tsunamis over
the years. Conference participants stayed overnight at the
Hayachine lodge located at the foot of the mountain.

Figure 3. We deepened our friendship through cooking rural
dishes, fishing at the headwaters, and trekking. Courtesy of
Tsuyoshi Sasaki

We received a warm welcome from the staff of the local NPO
Kawai Genkisha (Secretariat: Mr. Yokomichi) who operate the
lodge. We deepened our friendship through cooking rural
dishes, fishing at the headwaters, and trekking (see Figure 3).
At the exchange meeting, we learned that relief supplies were
delivered quickly by people around the lodge at the time of
the tsunami. The lodge was used as an evacuation center to
care for the victims.
On July 14, at the Iwate Prefectural Fisheries (Sui-San) Museum
of Science (Head: Mr. Itoh); Mr. Yamaguchi, Vice Mayor of Miyako
City; and head, Mr. Itoh welcomed us. Mr. Sakuraba, Natural
conservation staff member of the Ministry of Environment,
discussed the geography of Sanriku Fukko Park. Mr. Shimomukai,
an Iwate prefectural government staff member of the Sanriku
Geopark promotion bureau, explained the geography of Sanriku
Geopark. Mr. Takahashi, Miyako City education board member,
shared the importance of the government-designated Sakiyama
shell mounds (see Figure 4).
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Figure 4. Mr. Takahashi from the Miyako City education board
explained to us the outline of the government-designated
Sakiyama shell mounds. Courtesy of Tsuyoshi Sasaki
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Figure 5. We enjoyed immersion education together with 16
sixth graders from Takahama Primary School. Courtesy of
Tsuyoshi Nieda Eduardo

On July 15, we visited the Oh-ura district, Yamada-cho, and
observed a sea squirt aquaculture facility. Associate Professor
Kajiwara from the Iwate University spoke to us about fisheries
reconstruction support (see Figure 7). Onboard a vessel, we
tasted sea squirts that were part of a special exhibition. In
the Japanese and Korean cultures, sea squirts are a delicacy—
the foreign researchers tasted this delicacy with wonder. Dr.
Rick Tinnin of Texas State University enjoyed the sea squirts
with particular relish, and said, “This is a sea taste, delicious.”
Dr. Tinnin was very inspired by our Japanese fish-eating
culture and enjoyed eating the diverse seafood offered in
Japan. We then continued our discussions with local people,
while eating delicious foods from the sea created by Migoto
(Representative: Mr. Ohsugi) at Oh-ura district guard station
(Oh-ura branch, Sanriku Yamada Fishery Cooperative).

Our group of 16 sixth graders from the Takahama Primary
School were immersed (see Figure 5) in the experience
through participating in marine education activities, including
yachting, kayaking, and sea fishing, in cooperation with the
Miyako City education board (Chairman: Itoh) and the Iwate
marine field (Head Director: Hashimoto).
In the evening, we visited Jodogahama (known nationally for
its beauty) and appreciated the traditional art of “Kuromori
kagura dance” (Representative: Y. Settai), a governmentdesignated cultural heritage activity, in front of the Jodogahama
rest house. The “Yamanokami dance” and “Ebisu dance” are
shown in Figure 6. We applauded the swaying dancing and
kept pace with the rhythmic tempo. Participants from the
foreign countries were impressed by the beauty of the forests,
rivers, and seas of Iwate and by the rich culture and history
surrounding the people living in these areas.

Figure 6. Traditional art of “Kuromori kagura dance”
(Representative: Setsutai) is a government-designated cultural
heritage activity. Courtesy of Tsuyoshi Sasaki

Figure 7. We visited the Oh-ura district, Yamada-cho, and observed
a sea squirt aquaculture facility. Courtesy of Tsuyoshi Sasaki
In the afternoon, we visited the Otsuchi town office, which was
the former Otsuchi-cho Primary School. We listened to Otsuchi
town Mayor Ikarigawa deliver a speech about the post-disaster
reconstruction efforts (see Figure 8).

Figure 8. We visited the Otsuchi town office, and listened to Otsuchi
town Mayor Ikarigawa (center) give a speech on post-disaster reconstruction efforts. Courtesy of Tsuyoshi Nieda Eduardo
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At the Shiroyama gymnasium observation deck, we listened
to Town Assemblyman, Mr. Goto of Otsuchi-cho discuss
the experiences of tsunami victims. We then visited his
residence, and asked him about his thoughts in the wake of
the disaster (see Figure 9). He said, “Although completely
destroyed by the tsunami, I never feel unpleasant with the
sea. I wish to live with the sea in this place where I was born
and grow with it in the future also.” We felt the determination
and strength in his words along with his resolve to continue
living in a coastal area.

Figure 9. We visited Mr. Goto’s residence (left: author and right:
Mr. Goto). Courtesy of Tsuyoshi Nieda Eduardo
On July 16, we visited Iwate Fisheries Technology Center, and
Iwate University Fisheries Research Center (Head: Professor
Miura). The center opened in May of 2013. At Iwate Fisheries
Technology Center (Head: Mr. Sakuma), we listened to a
discussion on the recovery of the fisheries industry after the
tsunami disaster, and received a lecture on the fluctuation
of fisheries resources. At Iwate Fisheries Technology Center,
Professor Kasai of Kitasato University delivered a lecture on
the results of a joint development with disaster-affected local
food manufacturers. We asked appointed Professor Abe of
Iwate University about the mission of the Fisheries Research
Center. Professor Abe discussed the important role that Iwate
University will play in the recovery efforts.
After visiting disaster-affected areas in Iwate Prefecture,
participants said that the conference offered a unique
perspective. Many shared that they will carry their memories
of the 2014 conference with them forever. The participants
saw firsthand how closely connected the people are to their
rich natural environments. The local people have a deep
appreciation for nature and care about their forests, rivers, and
sea. This attitude is reflected in local cuisine and traditional
vocations. The participant from Australia said, “Japanese
respect nature while living there. They might be regarded
as protectors and conservators of nature. Living in the rich
natural surroundings means protection of the nature. I have
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thought all along that nature is a place of sightseeing and not
for living. However, Japan differs greatly. They are nicely using
rich natural environments. Japanese features can be found
here. I realized again the value of human beings coexisting
with nature.”
We then concluded with the overarching theme of what role
should marine education play in supporting disaster-affected
areas like those found in Japan. At the disaster site, we were
able to meet the people living in these areas and see their
dedication to taking care of their land and environment despite
suffering through natural disasters. The Japanese people have
a passion and love for nature. Based on these observations,
we were able to confirm once again that as marine educators
we need to support education about the sea and river; and
through sharing experiences, we can encourage a mutual
understanding that helps all of us. For example, climate
change, earthquakes, typhoons, hurricanes, tsunamis, etc., are
experienced by people living in those affected areas around
the globe. Our environments are closely linked, and we need
to come together as a people to recognize the importance
of protecting our ocean and taking care of our Earth. Marine
educators play an important role in sharing their knowledge
with others. This is the objective of the International Pacific
Marine Educators Network Conference. Therefore, we reached
the consensus that marine education should be promoted
worldwide. We intend to strengthen the international network
of marine education further, and contribute to the sustainable
utilization and conservation of global environments. The 2016
conference will be held in Lombok, Indonesia.
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Determination Theory.

SHARE YOUR IDEAS, LESSONS, or RESEARCH
in Marine Education!
The editors of Current: The Journal of Marine Education are seeking
articles for upcoming general issues. We hope to review and publish
articles on topics related to marine education. We seek original
manuscripts that describe research, lessons, resources, or strategies
for teaching marine and aquatic lessons to a variety of audiences,
including science, art, literature, and maritime history.
Please submit manuscripts to the Editors at current@natlmarineed.org
for consideration. The deadline for the fall issue is August 3rd.
For information on submitting articles to Current, please visit our
Guide for contributors.
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Activity: Let Me Grow!
BY RAISA HERNÁNDEZ-PACHECO, BÁRBARA CASAÑAS-MONTES, AILEEN MORALES-FIGUEROA,
MARÍA E. LÓPEZ, ANA-RITA MAYOL, AND LIZ M. DÍAZ-VÁZQUEZ

FOCUS

Part III: pH and The Coral Reef

Interaction among acidity, the carbon cycle, and coral reef
development.

•
•
•
•

GRADE LEVEL
7-8 (Life science/Physical science)

FOCUS QUESTION
How does ocean acidification affect coral reef growth?

LEARNING OBJECTIVES
Students will:
•

Define pH and utilize the pH acidity scale to classify
different solutions into basic, acidic, or neutral.

•

Explain how the presence of carbon dioxide (CO2) in the
atmosphere can produce changes in the pH of the ocean.

•

Explain the relationship among pH, the carbon cycle, and
coral reef growth.

•

Describe and discuss conservation issues related to ocean
acidification and the viability of coral reef ecosystems.

•

Create awareness of human activities that increase
the concentration of carbon dioxide and promote the
identification of alternatives to decrease carbon dioxide
emissions.

MATERIALS

AUDIO/VISUAL MATERIALS
•
•
•

Computer/projector
Coral calcium carbonate skeleton samples
Samples of marine calcifying organisms

TEACHING TIME
Three 50-minutes class periods, plus time for student research

SITTING ARRANGEMENT
Groups of four

MAXIMUM NUMBER OF STUDENTS
25

KEY WORDS
•
•
•
•
•
•

Coral reefs
Acidity
pH
pH indicator
Carbon dioxide
Ocean acidification

Part I: Acidity

BACKGROUND

•
•

Over the last 200 years the ocean has absorbed about a third
of the CO2 released by human activity, such as energy use,
industry, and road transportation. This activity threatens the
growth and development of marine organisms. In fact, a 14 to
30% decrease in the actual rate of coral calcification (process
by which corals deposit calcium carbonate) is expected by 2050
(Hoeg-Guldberg 1999). Because calcification is linked to coral
growth rates, this process is an important component of coral
fitness and persistence. Thus, ocean acidification represents
a detrimental environmental factor for coral populations.
Moreover, ocean acidification is a global phenomenon that is
creating a cascading effect on all trophic levels and has been
described as part of a long-term process accelerated by human
activities.

•
•
•

Red cabbage pH indicator solution
Seven solutions of common use with pH values ranging
from 1 to 12 (e.g., vinegar, detergent, cream of tartar,
distilled water, sea water, baking soda)
Well plate (e.g., ice cube mold)
Toothpicks
Pipette

Part II: The Carbon Cycle
•
•
•
•
•
•
•
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Calcium carbonate (2 pills found as anti-acid)
White vinegar
Water
Beakers (50 mL; 2 each; e.g., plastic cup)

pH universal indicator
Dry ice
Milk of magnesia
Distilled water
Test tube (125 mL)
Beakers (50 mL) (e.g., plastic cup)
Straw

Ocean acidification is the process by which seawater absorbs
carbon dioxide (CO2) from the atmosphere, changing the
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ocean’s chemistry and lowering its pH. The exchange of gases
between air and water takes place at the sea surface. Carbon
dioxide reacts with water to form carbonic acid, which releases
a proton (H+) (Eq. 1). This proton combines with carbonate
ions, forming bicarbonate (Eq. 2). Bicarbonate formation lowers
the concentration of carbonate ions in the ocean, sequestering
them from calcifying organisms such as corals, plankton, and
shellfish that depend on calcium carbonate to build their
skeletons or shells (Eq. 3).
CO2 + H2O HCO3- + H + Eq. 1
HCO3- H + + CO32- Eq. 2		
CO32- + Ca2+ CaCO3 Eq. 3 		
Pedagogy
The “Let Me Grow!” activity is a lesson developed as part of
the NSF-GK-12 Fellowship Program where science teachers
are paired with STEM graduate students in order to develop
innovative, inquiry-based educational activities involving their
respective research areas. We decided to do an interdisciplinary
activity composed of three parts based on basic principles of
chemistry and ecology. Completion of this activity leads to a
greater understanding of the system dynamics involving acidity,
the carbon cycle, and coral reef growth. Designed for middlelevel students, this teaching lesson incorporates the 7th and 8th
grade National Science Standards for Science as inquiry and Life
science. Accordingly, middle-level students will learn about 1)
scientific inquiry; 2) the structure and function in living systems;
and 3) populations and ecosystems.

a. Distribute the different solutions, one well plate, the purple
cabbage solution as a pH indicator, pipettes, and
toothpicks to each group. Instruct them to place a small
amount of each sample in the different wells. Have
the students predict which sample will be more acidic
by arranging the samples in decreasing order of acidity.
b. Ask the students to add ~8 drops of the pH indicator
solution to each of the wells containing a sample and
stir with a toothpick.
c. Using a pH color scale for the cabbage solution (see
Figure 1), ask the students to estimate the pH of each
sample and compare their predictions with the results
obtained. By doing this, the students become familiar
with the concepts of acidity and pH, as well as learn
how to use a pH scale.

LEARNING PROCEDURE
Engage
1. Bring the sea to the classroom. Prepare a demonstration
table with samples of marine calcifying organisms such as
shells, algae, and coral skeletons.

Figure 1. Visual demonstration of the pH color scale for the red
cabbage solution. Courtesy of Raisa Hernández-Pacheco

a. Ask students to identify the organisms on the table.
b. Ask students about what things the organisms on the
table have in common.
2. Discuss with students the fact that a large number of these
organisms play important roles in coral reef ecosystems,
explaining the ecological importance of corals in the preservation of these ecosystems. At this point, you may start the
three-part activity by asking the students what environmental
processes might affect coral growth and development.

PART I: ACIDITY
1. Before starting the activity, ask the students if they are
familiar with the words: “acid,” “pH,” “color indicator,” and
“pH scale.” Discuss these concepts with the students and
tell them that now they will determine the acidity of ocean
water in order to know at what pH marine organisms live.
Together with ocean water, ask students to determine the
acidity of various well-known household product samples,
including fresh water, in order to compare the ocean water’s
acidity with recognizable solutions.

PART II: THE CARBON CYCLE
1. Review the carbon cycle. It is recommended to start this
activity once the carbon cycle is discussed in class.
a. Ask the students to list different sources of atmospheric
CO2, as well as sinks. Encourage them to think about
natural and human processes that could affect the
carbon cycle.
b. Is the ocean a major source or a sink of CO2?
c. Explore what the students know about the effects of
increasing atmospheric CO2 emissions on the ocean
water.
2. Set up a demonstration in front of the class using dry ice
and a basic solution of universal indicator (see Figure 2).
Explain that dry ice is CO2 in a solid state. By adding dry
ice, the solution changes color which indicates a change
in pH. Since students do not know the pH color scale of
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Figure 2. Dissolving dry ice in a basic solution of universal
indicator. Courtesy of Raisa Hernández-Pacheco
universal indicator, students would not know if the solution
is acidified or not, after adding CO2.
a. Ask the students to explain what the change in color means.
3. Have the students investigate the previous question by
simulating the effect of CO2 dissolution in the ocean water,
using their respiration and the red cabbage pH indicator.
a. Distribute to each group an 8 oz clear cup with ~20 mL
of distilled water and a straw. Add ~20 drops of the pH
indicator solution and observe the color.
b. Then add three drops of milk of magnesia, stir, and let
it stand for a minute. They should notice a change in
color. First, the solution will turn blue and then it will turn
green. At this point ask them to determine the solution’s
pH using the cabbage color pH scale.
c. Discuss with the students what they think happens if
they blow into the solution. Once you are confident
students understand the fact that they exhale air with a
high concentration of CO2, ask them to blow the solution
using the straw for no more than a minute. They should
observe a change in color.
d. Ask the students to explain the color change using the
pH color scale.
e. Tell the students to imagine that the solution inside
the cup is the ocean, and the air they exhale is the
atmosphere. What would happen to the ocean water if
the concentration of CO2 in the atmosphere increases?
In this activity, the students should be able to discuss
the results so they can establish a relationship between
atmospheric CO2 and the pH of ocean water.

PART III: pH AND THE CORAL REEF
1. Now that the students have established that the dissolution of atmospheric CO2 in the ocean water might affect
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Figure 3. Dissolution of a calcium carbonate pill in water (left)
and vinegar (right). Courtesy of Bárbara Casañas-Montes
the water’s pH by acidifying the ocean, ask the students to
predict the effects this change in pH may have on marine
organisms such as corals.
2. Distribute to each group a 6 oz clear cup with ~20 mL of
distilled water identified as “A,” another with ~20 mL of
white vinegar identified as “B,” and two pills of calcium
carbonate.
a. Ask the students to determine the pH of each of the
solutions in A and B, and how they would classify the
solutions according to pH (they should know this after
Part I).
b. What type of environment represents cup A and cup B,
and what does the calcium carbonate pill represent in
the experiment?
c. Tell the students to add a calcium carbonate pill to
each of the cups and observe the result. The calcium
carbonate pill will dissolve faster in vinegar than in water
(see Figure 3). Ask them to record the time that it takes
for the pill to completely dissolve.
d. Discuss what happens if they repeat the experiment
using cup A with a high concentration of CO2 solution.

EVALUATE
Role Play
1. Tell the students to imagine that they are scientists interested in studying the effects of ocean acidification on the
growth of corals. They will design an experiment in which
they will grow the same coral species in four tanks of varying
pH (Tank A: pH=8.25; Tank B: pH=7.00; Tank C: pH=6.43;
Tank D: pH=5.60). After five months they will determine
the amount of calcium carbonate deposited in each of the
four tanks (see Table 1 on page 21).
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a. Ask the students to predict in
which of the tanks the coral
will deposit a greater amount
of calcium carbonate, and
explain their answer.
b. Ask the students to predict
the effect of ocean acidification on coral growth. Ask
the students to explain the
effects of ocean acidification
on other calcifying marine
organisms.

Tank

pH

A

8.25

B

7.00

C

6.43

D

5.60

Table 1. Experimental
design: Growth of corals
under varying pH

THE “ME” CONNECTION
Have the students write a list of their day-to-day activities that
contribute to CO2 emissions. Ask them how they can modify
those activities to reduce such emissions.

ASSESSMENT
Tell the students that, as part of their role as scientists, they need
to create an outreach project. The main objective is to inform the
school community about the effects of ocean acidification on
coral reef growth. They may use drawings, short stories, cartoons,
etc. A rubric could be used to evaluate each project.

EXTENSION
Have the students investigate whether their school has a
policy plan to reduce CO2 emissions. Ask them to do online
research to see if other schools have policy plans for managing
CO2 emissions.

RESOURCES
•

http://cmore.soest.hawaii.edu/education/teachers/
science_kits/materials/Ocean_Acidification/Articles/
Current-Ocean_Acidification_Issue.pdf

•

http://www.pmel.noaa.gov/co2/story/
OA+Educational+Tools

•

http://www.eoearth.org/article/Ocean_acidification

NATIONAL SCIENCE EDUCATION STANDARDS
NS.5-8.1 Science as Inquiry
Abilities necessary to do scientific inquiry
Understanding about scientific inquiry
NS.5-8.3 Life Science
Structure and function in living systems
Populations and ecosystems

REFERENCES
Hoegh-Guldberg, O. (1999). Climate change, coral bleaching
and the future of the world’s coral reefs. Marine and
Freshwater Research, 50:839-866.

National Research Council. (1996). The National Science
Education Standards. Washington DC: National Academy
Press.
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Mapping the Migration of American Eels
BY CHRIS BOWSER AND REBECCA HOUSER

OVERVIEW

SKILLS

American eels range along the entire East Coast and rely on
every aquatic habitat from ocean to estuary to freshwater
streams and ponds. By mapping the journey of young eels,
students will learn about migration, habitats, and oceans using
basic math and graphic arts skills.

•

Find locations on a map.

•

Use basic navigation tools to determine distance.

•

Multiply numbers to convert between units.

•

Use the location of mapped currents to estimate migration
patterns.

•

Read and listen to acquire facts and ideas from text.

BACKGROUND
The American eel (Anguilla rostrata) is an amazing fish,
migrating great distances during its life cycle. These fish are
catadromous, meaning they hatch in salt water and then may
spend much of their lives in brackish or fresh water before
returning to the sea to spawn. Eel larvae begin their lives
in the Sargasso Sea between Bermuda and Puerto Rico,
then swim and drift on ocean currents to the East and Gulf
Coasts of North America. On the East Coast, they are found
in almost every river from Florida to Maine. Scientists have
noted steep declines in eel numbers in the last few decades.
Overfishing, parasites, climate change, and dams, or other
barriers to migration may all affect eel survival. By studying
eels, students not only get to know an important species, but
they also explore the interconnectedness of oceans, rivers,
and watersheds.

ACTIVIT Y
LEARNING OBJECTIVES
Students will:

KEY WORDS
•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•

Journey
Latitude
Longitude
Migration
Nautical miles
Ocean
River
Spawning
Transparent
Tributary

TEACHING TIME
Preparation: 15 minutes
Activity: 45 minutes

MATERIALS (per group of 4-6 students)
•

Laminated photocopies of nautical chart NOAA chart
#105, Southeast Coast of North America, available
online or from nautical chart vendors. An alternative to
lamination is to cover charts with clear acetate.

•

Follow the life cycle of American eels by mapping their
migration routes.

•

Determine locations, distances, and depths from nautical
charts.

•

Dry erase markers

•

Dividers or compass

•

Model how currents might affect migration distances.

•

•

Understand that eels may travel long distances through
many habitats in their life.

Mapping the Migration of American Eels worksheet (see
pages 24-25)

•

Pen or pencil

GRADE LEVEL

•

Calculator

4-8

•

Student reading, The Eel’s Incredible Journey, free at:
http://www.dec.ny.gov/docs/remediation_hudson_pdf/
hrlpeel.pdf

•

Optional: in-class access to internet for PBS Nature
eel video: http://www.pbs.org/wnet/nature/
the-mystery-of-eels-video-full-episode/8251/

OCEAN LITERACY PRINCIPLES
Principle 1: The Earth has one big ocean with many features.
Principle 5: The ocean supports a great diversity of life and
ecosystems.
Principle 6: The ocean and humans are inextricably
interconnected.
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Catadromous
Climate change
Currents
Eel
Estuary
Fish
Gulf Stream
Habitat
Harbor
Juvenile
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ACTIVITY
1. Review vocabulary words and the reading, The Eel’s
Incredible Journey. Ask students what they think a migration
is, and why certain organisms migrate.
2. If you have internet access, show students the PBS Nature
eel video (website link above).
3. Show students a nautical chart. Point out that the lesson
covers where eels migrate and their life cycle. Discuss
differences between maps and charts, nautical and
statute miles, and meters and feet. Discuss the differences
between latitude and longitude, and how to find both on
a chart or globe.
4. Show students the tools they will be using, and how to use
them (dry erase marker, compass/divider, and worksheet).
5. Have students complete Mapping the Migration of
American Eels worksheet, with one student as a reader
for each numbered step. Work in groups of four to six
students. (We used the Hudson River as our eel destination in this lesson plan.) Teachers from Florida to Maine
can pick their own destinations relevant to their location.
Answers will then vary according to destination. Depending
on your preference, you can give each student or group a
copy of the worksheet, or complete the activity verbally to
keep the entire class working at the same pace.
6. Go over results with the entire class, or have each student
group share their results
7. If time allows, discuss challenge questions about eel
migration and conservation from the student worksheet.

4. Challenge Question A: No one knows for sure how eels do
it, but other migratory animals use their sense of smell, the
Earth’s magnetic field, current patterns, and sheer instinct.
Eventually, scientists hope to track eel migrations through
high-tech satellite tags.
5. Challenge Question B: There are many possible causes
of eel decline. Dams and other barriers may block crucial
habitats. Overfishing of both juveniles and adults can
reduce numbers. Climate change may be shifting their
migration patterns or timing as ocean temperatures warm,
and parasites can weaken eels. Anything that keeps streams
and coasts clean is good for eels. People can remove trash
from rivers, plant trees along streambanks, and use less
fertilizers and pesticides that can flow into our waters.

RESOURCES
US Fish and Wildlife Q&A about eels: http://www.fws.gov/
northeast/newsroom/eels.html
NYSDEC Eel Project website, which includes links to a short
video about student volunteers as well as a PowerPoint
presentation about eels and citizen-science: http://www.
dec.ny.gov/lands/49580.html
NYSDEC Hudson River Estuary Program lesson plans: http://
www.dec.ny.gov/education/25386.html
Spawning location and other information is adapted from
Eel Biology, edited by K. Aida, K. Tsukamoto, and K.
Yamauchi. (2003). Springer Press.

8. See Resources at the end of the activity for links to more
information about American eels.

ASSESSMENT
Have students share answers to the Mapping the Migration of
American Eels worksheet, or collect and grade their answers.
Students share answers to The Eel’s Incredible Journey
lesson, or collect and grade their answers.

ANSWERS TO STUDENT WORKSHEET
1. The shape the students make in the first part is the
Bermuda Triangle, famous for shipwrecks and mysterious
sightings. Units of depth are given in meters. The closest
depth for the eel spawning area is 5072 meters or 16,636
feet. Answers may vary depending on the edition of the
chart used.
2. Steps: It is approximately 16 to 17 steps to the mouth of
Hudson River. Seventeen steps are approximately 1020
nautical miles or 1163 statute miles. Answers will vary for
destinations other than the Hudson River.

Figure 1. Students and mentors of the Liberty Partnership
STEM Program at Marist College map eel migrations.
Courtesy of Chris Bowser

3. Answers will vary, but should be higher than the straight
line distance.
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MAPPING THE MIGRATION OF AMERICAN EELS

1. Scientists are not certain where eels spawn (mate and release their eggs), but it is somewhere in a region off the Atlantic
Ocean known as the Sargasso Sea. This is an area of deep water, slowly turning in a clockwise direction. Sargassum algae
float on the surface of the Sargasso Sea, forming a habitat for many creatures.
•

With a dry erase marker, find and circle Miami (in Florida), Puerto Rico (a big island), and Bermuda (a little island)
on the chart. Connect these three places. What shape do they make? The eel spawning area probably overlaps this
famous shape.

•

Scientists don’t know exactly where eels spawn, but one possible area is near the coordinates of longitude 67°W and
latitude 24°N. Using the degree markings on the edge of the chart, find this point on the chart, mark it with an “X”, and
label it “Eel Spawning Area” with a dry erase marker.
Note: latitude lines measure north and south on the Earth and are parallel lines that circle the whole globe without
crossing each other. Longitude lines measure east and west, and cross the Earth at the north and south poles
(resembling orange slices).

•

Small numbers all over the chart indicate depth of the water. What unit of measurement are these depths given in?
Hint: your chart should tell you.

•

How deep is the spawning area? If 1 meter = 3.28 feet, what is the depth in feet?

2. Juvenile eels have to swim and drift long distances to find the estuaries and freshwater streams they will live in as adults.
This kind of journey is called a migration. Some eels enter the mouth of the Hudson River, located at New York Harbor along
the western end of Long Island. We are using the Hudson River as our destination in this lesson plan. However, teachers
from Florida to Nova Scotia can select their own eel destinations relevant to their location, or you can have students pick
different destinations to compare results. Remember that nautical charts show a lot of information about the water, but don’t
show much information about the land, such as towns, roads, and borderlines.
•

Find, mark, and label the “Hudson River” (hint: the Hudson is by the “New York” label near the western end of Long
Island).

•

Draw a line between the spawning area and the Hudson River. Label this line “Migration Route.”			

3. On nautical charts, distances are given in several ways. One good rule of thumb is that one degree of latitude is equal to
60 nautical miles. Use latitude to measure distances, not longitude. Latitude lines measure north and south, and can be
located along the left and right edges of the chart.									
•

Use the dividers (also called a compass) to measure out the distance from one degree of latitude to the next
(example: from 30°N to 31°N along the side of the chart). This space is equal to 60 nautical miles.

•

Starting at the Spawning Ground, use the dividers to “walk” the migration route. “Walk” to the Hudson River. Make
sure to count how many “steps” it takes.

•

How many steps did it take? Multiply the number of steps by 60—this is the total nautical miles. How many nautical
miles is it between the spawning area and the Hudson River?
		

•

steps x 60 miles/step =		

nautical miles

Optional: Multiply the number of nautical miles by 1.15 to find regular (statute) miles. How many statute miles is the
migration route?
Note: Nautical miles are a little bit longer than the miles we typically use. This is because nautical miles are based on the
division of one degree of Earth’s latitude into 60 nautical miles, similar to how 60 minutes is equal to one hour. Statute
or regular miles, on the other hand, are based on traditional units of measure that have changed throughout history and
eventually adopted as the “mile” we use today.

Continued on page 25...
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4. There are a few factors we need to consider. Juvenile eels probably don’t travel in a straight line. They may head northwest
and hitch a ride up the Gulf Stream, a wide north-flowing current marked on the chart as a line of squiggly arrows.
•

Repeat exercise 3. But this time redraw the migration route as best as you can, taking the Gulf Stream and other
current effects into account. What is your final distance for this estimated migration route?

American eels can be found along much of North America’s East Coast, even north to Canada. The leaf-shaped larvae
(leptocephali, or “thin heads”) transform into transparent “glass eels,” then pigmented “elvers,” and grow into larger “yellow
eels.” Even after reaching the coast, many eels, especially females, continue up rivers and streams for dozens of miles,
looking for a good habitat in which to live and grow. Perhaps eels travel between fresh and salt water so they can take
advantage of different food sources and habitats. After five to 20 years, American eels become mature “silver eels” and
begin their long journey back to the Sargasso Sea. They undergo remarkable changes once again. Their eyes become large,
their digestive system slows down, and their skin turns black and silver. Scientists believe large females may lay up to 20
million eggs! It is thought that both males and females die shortly after spawning, their long-distance marathon finished at
last.

CHALLENGE QUESTIONS
Brainstorm in your groups, and share answers as a whole class. There is no single right answer for any of these questions.
5. How do eels know where to go when they return to the Sargasso Sea as adults? How do they navigate?
6. Eel populations have declined in many locations. What are some possible causes of eel decline? What can you do to help
conserve eels and keep them thriving in our rivers?

Eel Map
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Managing a Mess of Cumulative Effects:
Linking Science and Policy to Create Solutions
BY MEGAN E. MACH, SARAH M. REITER, LAURA H. GOOD

ABSTRACT
This hands-on scenario was developed to introduce students to
the concept of cumulative effects, why cumulative effects are
a linchpin to managing for coastal impacts, and the challenges
associated with managing for cumulative effects when faced
with limited time and resources. By engaging in decisions
while confronted by these cumulative effects challenges,
students learn to apply the scientific and policy principles
necessary to make their own management decisions. Coastal
ecosystem management involves consideration of some of
the most biologically diverse marine habitats, including kelp
forests, seagrasses, and coral reefs. These ecosystems also
represent a major interface of human activities and marine
ecosystems, and are subject to impacts from both land and sea
activities. Addressing cumulative effects in coastal ecosystems
remain a challenge to both scientists and resource managers.
Understanding why the challenge exists is an important first
step in moving forward towards better integration of cumulative
effects in future planning.

DEVELOPMENT OF A CUMULATIVE EFFECTS
SCENARIO-BASED ACTIVITY
Cumulative effects exist where significant stress from multiple
human activities on land and in the ocean alter the health
of our valuable coastal ecosystems (see Figure 1). Changes
to these systems are the result of accumulating or interacting

Figure 1. Southern sea otters and other species that live in
coastal waters are subject to stressors from land and sea
activities. For example, coastal power plants, such as this one
in the photo above of the mouth of Elkhorn Slough in Moss
Landing, California. Courtesy of Gerick Bergsma 2009/Marine
Photobank
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past, present, and foreseeable future activities (Hegmann et
al. 1999). The Center for Ocean Solutions’ team of natural
and social scientists and lawyers is uniquely poised to address
cumulative effects challenges facing the oceans as a boundary
organization capable of bridging the gap between the research
community and decision makers. Despite legal mandates
requiring resource managers to analyze the combined impacts
of these stressors on the environment—such as increasing
nutrients and pollution—the resulting cumulative effects are
a challenge to address (Millennium Ecosystem Assessment
2005). Understanding how existing legal frameworks account
for cumulative effects through the best available science and
cumulative effects analysis requirements is a first step towards
overcoming this challenge. As stressors on marine ecosystems
increase, so does the need to convey to scientists, resource
managers, and policy makers alike the necessity of including
cumulative effects in coastal planning decisions.
In response to input from management and non-governmental
organization (NGO) communities, we conducted an analysis to
improve our understanding of the science (Clarke Murray et al.
2014) and law (Prahler et al. 2014) for managing cumulative
effects to coastal ecosystems. Yet, we wanted to move beyond
the analytics to identify the challenges scientists and managers
regularly face in integrating cumulative effects into their
research and planning. To better understand these challenges,
we created a scenario-based cumulative effects activity for
resource managers and ecologists. This activity took place
during a Focus Group workshop (Managing for cumulative
impacts of human activities in marine environments) at the
Third International Marine Conservation Congress (Glasgow,
Scotland 2014; see Figure 2). The Focus Group was designed
from the results of our science and law research products to
inspire international dialogue regarding innovative methods
for grappling with three common challenges found across the
science and law disciplines: 1) ecosystem complexity: how do
you determine which impacts should be considered; 2) spatial
scale: what is the appropriate geographic scale across which to
look at impacts; and 3) temporal scale: what is the appropriate
baseline from which to compare changes in the ecosystem due
to impacts (Clarke Murray et al. 2014; Prahler et al. 2014). Focus
Group participants conveyed their appreciation and frustration
of managing for multiple impacts produced by both land and
sea activities. The Focus Group activity was designed to have
managers and ecologists deal with these three challenges in
small teams and was fruitful in initiating dialogue between the
two professional communities about these challenges.
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Environmental regulations, laws, and policies commonly
require proposals for new activities to account for and mitigate
cumulative environmental impacts (Prahler et al. 2014).
Cumulative impact assessment practitioners (e.g., resource
managers, coastal development applicants) lack the time and
resources to make effective cumulative effects management
decisions (Clarke Murray et al. 2014). Below we describe the
three key challenges that resource managers face in accounting
for cumulative effects: ecosystem complexity, spatial scale,
and temporal scale (Clarke Murray et al. 2014; Prahler et al.
2014). These three challenges will be investigated in greater
detail during this activity.

A.

B.

Figure 2. Participants in the International Marine Conservation
Congress 2014 Focus Group. Courtesy of Melissa Foley
Due to the success of the activity, we formalized the activity
plan as an educational resource that can be utilized in the
classroom to demonstrate both the challenge of managing
for cumulative effects and the complex nature of real-world
interdisciplinary ocean problem solving—topics somewhat
lacking in current marine science teaching resources.
The activity, detailed below, is highly transferrable to a variety
of audiences, both student and professional, and opens the
opportunity to engage learners in some of the more humanrelated Ocean Literacy Principles and fundamental concepts
(listed under Standards). The activity is also in the process of
being adapted as a case study for marine science and policy
graduate students attending the Center for Ocean Solutions
upcoming Ocean Policy Course (MARINE 2015), to be held
in Monterey, California at Stanford University’s Hopkins
Marine Station.

ACTIVITY: PILING ON THE PROBLEMS
BACKGROUND
Cumulative Effects in Ocean Environments
The number and intensity of pressures from human
activities that impact our oceans are continually increasing,
and management of these impacts has failed to keep
pace (Halpern et al. 2008; Selkoe et al. 2009; Ban et
al. 2010). This is especially true for the management of
multiple impacts because it is difficult to account for the
cumulative effect of multiple human activities that co-occur
in space and time, and their interacting effects (see Figure
3). Without accounting for these cumulative effects, human
activities are not managed according to their proportional
impacts, and coastal and ocean ecosystems will continue
to degrade despite interventions (Millennium Ecosystem
Assessment 2005).

Figure 3. An impact chain (A) demonstrating the hierarchical
order of human activities impacting species and habitats through
the production of stressors. A conceptual network (B) of how
cumulative effects accumulate to affect species and habitats (white
circle; e.g., migratory fish species). Different human activities
(black circles) can generate multiple stressors (gray circles) that
affect one or more (not shown here) species or habitat (e.g., gill
net fishing removes fish species). The size of the stressor circles
suggest that the more activities producing a stressor, the more a
stressor impacts the system. Naturally occurring stressors such as
exposure to waves and wind (grey stars) also contribute to cumulative effects. Photo modified and reprinted courtesy of Clarke
Murray et al. (2014)
Ecosystem Complexity
Deciding how to account for human activities and their
impacts when evaluating project proposals is challenging.
Managers must choose which impacts to include, potentially
incorporating past, present, as well as likely future impacts
(Council on Environmental Quality 2014; California Code
of Regulations 2014a). Then managers must predict how
these impacts will accumulate (see Figure 4) and affect
species and habitats, and whether these changes will be
significant enough that the proposed project should be
monitored, mitigated for, or denied.
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has a significant impact: 1) the past state of the environment
under little or no human impact (historic); 2) the current state
of the environment, including existing degradation (existing);
and 3) the future state of the environment, if the project
did not happen (future; Prahler et al. 2014). Incorporating
historic activities into the current baseline changes how the
significance of effects is evaluated (see Figure 5).

Figure 4. Multiple human activities produce multiple stressors.
Stressors shown here are only a subset of those produced
by each activity type and only a subset of those found in the
original study: Agriculture results in changes to coastal water
temperature and the introduction of organics and nutrients;
industrial activities change coastal water temperature and
increase nutrient levels; fishing can cause introduction of
organics, nutrients, and invasive species; and shipping can add
nutrients and introduce invasive species-point source toxic
contaminants (Knights et al. 2013). Photo reprinted courtesy of
Clarke Murray et al. (2014)
Spatial Scale
Defining the appropriate geographic scale across which to
consider cumulative effects is essential because the scale
outlines the region that will be evaluated in the assessment
(Prahler et al. 2014). If the scale of analysis is too confined
(accounting only for local impacts), the assessment may
not account for the full cumulative impact. For example,
warming and entrainment from coastal power plants (see
Figure 1 on page 26) may reduce the survival of larvae
near the outfall or cause a shift in where species such as
sea otters choose to live, affecting populations of marine
species at broad scales. If the scale is too broad (including
all possible impacts across local and global scales) it may
be impossible for agencies to identify the scope of potential
impacts, and agencies may underestimate the impact of a
proposed project.
Temporal Scale
The baseline serves as the reference point for determining
whether there is a significant impact on the environment due
to a proposed activity (California Code of Regulations 2014b).
That is, the baseline allows for consideration of whether a
significant change in the abundance or diversity of species
and habitats has occurred, since the coastal ecosystem
was impacted, as compared to the ecosystem at a specific
reference point in time. There are three main reference points
used by managers to determine whether a project proposal
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Figure 5. If a historic baseline is used (left), effects since that
baseline are included and the proposed project is more likely to
have significant effects; if a current baseline is used that incorporates historic activities (right), the effects of the proposed
project would not likely be significant. Photo reprinted courtesy
of Clarke Murray et al. (2014)

ACTIVITY
OVERVIEW
This scenario-based role playing exercise introduces students
to challenges associated with managing for cumulative effects
in the face of limited resources. Students work in groups to
address three main challenges associated with cumulative
effects analysis: 1) determining which impacts should be
considered; 2) selecting the appropriate baseline; and 3)
selecting the appropriate geographic scale. By engaging in
decisions about these cumulative effects challenges, students
apply the scientific and policy principles necessary to make
management decisions. The class comes back together to
discuss their outcomes and synthesize their findings. To
culminate, students reflect on their experience of applying
best available science to a management context.

TOPIC
Marine resource management—cumulative effects

LEVEL
Undergraduate and graduate students in environmental/
marine science or policy. The curriculum can be adapted to
suit high school science students (e.g., grades 11-12, over a
series of classes).
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STANDARDS

TEACHING OBJECTIVES

Common Core State Standards for Reading in Science and
Technical Subjects: Grades 11-12

•

Encourage student interest and awareness in the role and
impact of cumulative effects in marine management and
decision making

•

Increase student understanding of how science and policy
interact in marine management

•

Raise student awareness of environmental decisionmaking processes

•

Increase student knowledge regarding use of baseline and
geographic scale when managing for cumulative effects in
the marine environment

9. Synthesize information from a range of sources (e.g., texts,
experiments, simulations) into a coherent understanding of
a process, phenomenon, or concept, resolving conflicting
information when possible.

•

Increase student awareness of the complexity of resource
management

OCEAN LITERACY PRINCIPLES

Upon successful completion of this exercise, students will be
able to:

2. Determine the central ideas or conclusions of a text;
summarize complex concepts, processes, or information
presented in a text by paraphrasing them in simpler but still
accurate terms.
7. Integrate and evaluate multiple sources of information
presented in diverse formats and media (e.g., quantitative
data, video, multimedia) in order to address a question or
solve a problem.

1. The Earth has one big ocean with many features

LEARNING OBJECTIVES

•

Define cumulative effects in coastal and marine systems

•

Discuss and share approaches for determining both
baseline (e.g., historic, existing, future) and geographic
scale (local, regional, global)

e. Humans affect the ocean in a variety of ways. Laws,
regulations, and resource management affect what is
taken out and put into the ocean. Human development
and activity leads to pollution (point source, nonpoint
source, and noise pollution), changes to ocean chemistry
(ocean acidification), and physical modifications
(changes to beaches, shores, and rivers). In addition,
humans have removed most of the large vertebrates
from the ocean.

•

Apply scientific data of coastal ecosystems (e.g., species
diversity, habitat diversity, heterogeneity, key species,
connectivity of species) in a decision-making process

•

Engage in collaborative discussion, whilst actively debating
ideas in cooperative interdisciplinary teams

•

Identify key components of environmental decisionmaking context and application of science to real-world
situation

g. Everyone is responsible for caring for the ocean. The
ocean sustains life on Earth and humans must live in
ways that sustain the ocean. Individual and collective
actions are needed to effectively manage ocean
resources for all.

MATERIALS

h. Although the ocean is large, it is finite, and resources
are limited.
6. The ocean and humans are inextricably interconnected

CLASS SIZE
Designed for ~25-30 students, 5-6 groups of 3-5 students
(depending on number of instructors and teaching assistants)

FOCUS QUESTIONS
•

What are cumulative effects, and why are they important
to understand?

•

What management challenges are associated with
assessing cumulative effects?

•

What human activities and natural system interactions
should be considered when managing for cumulative
effects?

A. 101 Science of Cumulative Effects Presentation
& Script
B. 101 Law of Cumulative Effects Analysis
Presentation & Script
C. Scenario Introduction Presentation & Script
D. Participant Materials and Agenda
E. Scenario Instructions and Description
F. Newfishland Map and Impact Matrix
G. Agency Guidance
H. Report Out Sheet
I. Reflection Exercise
All materials can be downloaded from:
http://www.centerforoceansolutions.org/
education-and-teaching-resources

TEACHING TIME
3-4 hours

29

Volume 29 • No. 2 • June 2015

ACTIVITY ARRANGEMENT
•

Students initially face forward for introduction presentation
and background on cumulative effects.

•

Students are then assigned to small groups for breakout
discussion. These groups should contain no more than five
students.

•

Students move to small tables to maximize engagement
of all participants.

KEY WORDS
•
•
•
•
•

Cumulative effects
Marine planning
Socio-ecological systems
Natural resource management
Ocean and coastal management

PROCEDURE
Engage
1. When class begins, introduce the activity and goals. Explain
to students they will be working towards answering the
following questions:
•

What are cumulative effects?

•

What aspects of impacts, spatial scale, and
temporalscale (baseline) should be considered when
managing for cumulative effects?

•

How would they proceed in the scenario for
managing the ecosystem in question?

Recommended time allotment: 5 minutes
2. Start class in one of two ways, 1) Students listen to 101
presentations by instructor (A. Science 101 Presentation
& B. Law 101 Presentation). Encourage students to note
brief definitions, as well as their own questions about the
following aspects of cumulative effects analysis: ecosystem
complexity, spatial scale, and temporal scale.
Recommended time allotment: 20 minutes

Scenario materials to be reviewed with the students: D.
Participant Materials and Agenda, E. Scenario Instructions
and Description, F. Newfishland Map and Impact Matrix, G.
Agency Guidance, and H. Report Out Sheet.
Recommended time allotment: 15 minutes
5. Provide students with time to read the instructions,
scenario, and overview materials then break students in
to small groups. Mix students from different disciplines/
research interests if possible. Students will join their
assigned breakout group, work together, and answer the
questions designed to help them decide whether to issue
a permit for a cruise terminal (H. Report Out Sheet).
Recommended time allotment: 40-60 minutes
6. Have each breakout group present their findings to the
class (may be useful to use white board/flip charts).
Groups will describe whether they issued the permit and
why, whether they found any cumulative significant effects,
and if so, whether they will mitigate for the cumulative
effects and how.
Recommended time allotment: 30 minutes (5 minutes
per group)

WRAP UP
Using questions from the I. Reflection Exercise, lead a synthesis
of student findings and reflections on being placed in a
management position and having to apply scientific information
to a real-world context. Discuss overlapping challenges of the
science and law for cumulative effects assessment.

ASSESSMENT OPPORTUNITIES
•
•
•

EXTENSION ACTIVITIES
•

Have students research permitting activities in their
local area that may require incorporation of cumulative
effects (search online for terms such as: desalination,
hotel development, harbor dredging or fill, construction).
Students could also search for the environmental impact
reports associated with proposed activities.

•

Have students focus on specific regions of the coast,
locally, and attempt to characterize all potential human and
natural impacts to those regions

EXPLORE AND EXPLAIN
3. As a class, and using student’s notes from 101 presentations, review and discuss the following scientific and
legal challenges in cumulative effects analysis: ecosystem
complexity, spatial scale, and temporal scale.
Recommended time allotment: 30 minutes
4. Give the C. Scenario Introduction Presentation introducing
scenario logistics and details to the class. The Introduction
provides information on the breakout group activity. Be clear
that the students will play the role of a staff member at an
agency required to help determine whether a permit should
be issued for a new marine development—a cruise terminal.
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Report-out on the questions from the exercise
Reflection exercise on the learning objectives
Participation and engagement in the exercise

CONNECTIONS TO OTHER SUBJECTS
•
•
•
•

Environmental law and policy
Marine and terrestrial ecology
Ocean and coastal management
Natural resource management
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ADDITIONAL RESOURCES
Ecosystem Based Management Tool Network’s Core Element
5: Cumulative Impacts: http://www.ebmtools.org/roadmap/
coreelements/5
National Center for Ecological Analysis and Synthesis’s A
Global Map of Human Impacts to Marine Ecosystems:
https://www.nceas.ucsb.edu/globalmarine
Environmental Law Institute’s Ocean and Coastal EcosystemBased Management: Implementation Handbook, Chapter
5: Cumulative Impacts: http://www.eli.org/research-report/
ocean-and-coastal-ecosystem-based-managementimplementation-handbook
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Wave Energy Engineer: Building a Model
Wave Energy Generator
BY WILLIAM HANSCHUMAKER, RUBY MOON, AND ALAN PERRILLS

OBJECTIVE

DEVICE CONSTRUCTION

Students will:

There are several ways to approach the construction of the
model (see Figure 1). The following is one example of the
possible ways to construct a model device. Part of the activity
is about finding innovative approaches.

1. Describe a variety of wave energy devices.
2. Identify which devices are best suited for which ocean
space (nearshore or offshore technology).
3. Identify ways that changes in device design can impact
efficiency.

Figure	
  1	
  
	
  

Float	
  

4. Use grade-appropriate science and engineering design
standards and inquiry skills for problem solving (see
Appendix Three on page 35).

Waves	
  

5. Understand there is no one clear wave energy.

Small	
  Float	
  
Magnet	
  
Coil	
  

MODEL WAVE ENERGY DEVICES
Kinetic Energy is the type of energy that exists within motion.
Waves are in constant motion and therefore possess a
consistent form of energy. Wave energy devices are being
developed to harness that energy and convert it to electricity.
There are several different technologies being developed. See
“A Primer on Wave Energy Devices,” “WEC Model Literature,”
and “Devices in action: Website Resource” (see Appendix
Two on page 34). When developing devices for the ocean,
engineers must consider:
•

The cost of building and maintaining the device

•

Using materials that will withstand the harsh ocean
environment

•

Safe and effective anchoring and mooring systems

•

Developing devices that will efficiently produce electricity

•

Environmental and social impacts

This activity explains the construction, and so allow for as
much trial and error as possible throughout the construction
process. Another great opportunity for innovation comes from
sharing ideas about what works and under what conditions.
So allow for comparison and revision throughout the process.
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Step 1. Create a coil by winding the wire around the 16mm
test tube. Generally, a minimum of 100 coils is needed to
produce a measurable electrical current. Fasten the wire to the
tube with scotch tape, leaving a couple of feet of wire on both
ends of the coil free to make connections. To ensure effective
connection, remove the insulation from both ends of the
wire. This can be done by sanding the ends of the wire with
medium-grit sandpaper. When the wire end becomes a bright
copper color, the insulation is removed. This can be tested
with the ohmmeter. If there is a zero resistance between the
ends of the coil wires, the insulation has been stripped and
your wire is ready.
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Step 2. Attach a small paper clip to the bottom of the test
tube. This will attach a fastener (weight or suction cup) to the
bottom of the wave tank and keep the tube from drifting out
of position.
Step 3. To keep the tube upright in the tank, attach a flotation
collar. Wrap the top of the tube in buoyant material and secure
with tape.
Step 4. Drop a split shot fishing weight into the bottom of
the tube. This will help maintain the stability and prevent the
magnet from becoming stuck to the wire loop at the bottom
of the tube.
Step 5. Cut a piece of fishing line about a foot long. Tie
one end to the magnet necklace clasp. Then stick the clasp
to a magnet(s). The magnet clasp makes it easier to change
magnets when completing comparative tests. The other end
is tied to a fishing bobber.

FACTORS AFFECTING VOLTAGE
•

Number of turns in the coil

•

Length of the coil: as the coil is “stretched out” with
the number of turns remaining the same, the voltage
will be reduced

•

Diameter of the coil: as the diameter of the coil
grows larger, the voltage will be reduced

•

Amount of current flowing in the coil: as the current
increases, it creates an opposing magnetic field,
reducing the voltage

•

Clearance between the magnet and the inside of the
test tube: as clearance is reduced, fluid friction with
the water is increased and the magnet speed and
voltage are reduced

•

Strength of the magnet

•

Length of the stroke of the magnet through the coil:
controlled by wave height

•

Speed of the magnet through coil: controlled by
wave period

Step 3: Position tank on a sturdy table in preparation for
testing. Cut two pieces of 1 inch dowel about 2 feet long and
place them under the tank, like rollers.
Step 4. To make waves, gently move the tank back and forth
on the rollers. It should take a bit of practice to make decent
waves without slopping the water out of the tank. The tank will
have a natural period of oscillation. Once you find it, the waves
will be much easier to control.
Step 5. Put the coil into the tank.
Step 6. Fasten the loop on the tube to a swivel in the bottom
of the tank. Attach a flotation collar to the top to keep the tube
upright in the tank.
Step 7. Connect the wires from the tank to the meter.
Step 8. Fill the tank up to about 2 to 3 inches above the top
of the test tube.
Step 9. Put the float and magnet assembly into the tank with
the magnet inside the tube.
Step 10. Adjust the line so that the magnet is just above the
bottom of the coil. The waves will go both above and below
the fill level.
Step 11. Move the tank back and forth on the rollers. Try to
make the waves as uniform as possible.
Step 12. Observe the needle on the meter. It should move in
time with the waves.
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EXTENSION IDEAS
MAKING A PLASTIC STORAGE CONTAINER
WAVE TANK
Step 1. Using a black marker, draw measured lines on the side
of the tank to help estimate wave height.
Step 2. Glue fishing swivels to the bottom of the tank to serve
as anchors for the tubes (or use suction cups). This will keep
the tube from being carried away by the waves. Place the
swivels (or devices with suction cups) 3 to 4 inches from one
end of the tank, where the waves will be the highest. Make
sure the swivel end is free to attach to the wire loop on the
test tube.

Design an experiment looking at 1 variable (use the
factors affecting voltage). Students can come up with a
hypothesis and alter the one variable, holding all other
variables constant and test.
Assign cost to materials. Potential cost cutting material
could include found material or recyclable material.
Material could be given a life span to be considered in
the cost efficiency.
Poster prototype of design, addressing: cost, environmental impacts, and socioeconomic impacts.
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APPENDIX ONE

PARTS LIST
•

Acrylic test tubes:16mm, 24mm, and 38mm
- Most of the work will be done with the 16mm test
tubes, so order enough of these to go around. The
larger tubes are used only to investigate the effect of
a larger coil diameter. You will probably need only a
few of these.

•

Rare-earth cylinder magnets: type D68 (3/8-inch
diameter by 1/2 inch long) and type D48 (1/4 inch
diameter by 1/2 inch long)
- Note: Sizes larger than 3/8 inch are not recommended
due to the risk of injury from these extremely powerful
magnets.

•

Small magnetic necklace clasps

•

Magnet wire, enamel coated (in the range of 20- to
30-gauge)

•

Electric meter-zero center, -50-0-50 millivolts, or
-500-0-500 micro amps or similar
- Having the zero in the center allows the needle to
track the voltage or current as it alternates between
negative and positive.

•

20-gallon-storage container (wave tank)

•

Fishing bobbers (2-3 inches)
- The kind that fasten to the line with a springloaded hook make adjustments easier.

•

Fishing line, monofilament or braided (5- to
10-pound test)

Applicable Theories to Wave Energy Development
The Laws of Thermodynamics
Energy is the ability to bring about change or to do work, and
thermodynamics is the study of energy. There are two basic
laws of thermodynamics that rule how energy behaves and
can be used.
The First Law of Thermodynamics
This law (conservation) states that energy is always conserved;
it cannot be created or destroyed. In essence, energy can be
converted from one form into another.
The Second Law of Thermodynamics
This law states that “in all energy exchanges, if no energy
enters or leaves the system, the potential energy of the state
will always be less than that of the initial state.” Information
retrieved from: www.nrel.gov/education/pdfs/educational_
resources/high_school/re_intro.pdf
Faraday Law of Induction
This law states any change in the magnetic environment of a
coil of wire will cause a voltage (emf) to be “induced” in the
coil. No matter how the change is produced, the voltage will
be generated. The change could be produced by changing
the magnetic field strength, moving a magnet toward or away
from the coil, moving the coil into or out of the magnetic
field, rotating the coil relative to the magnet, etc. Information
retrieved from: hyperphysics.phy-astr.gsu.edu/hbase/electric/
farlaw.html
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- Heavy sewing thread will also work fine
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
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Fishing sinkers (1 ounce)
Empty soda bottle (2 liters)
Small fishing swivel snaps
Two 1-inch dowels (2 feet long)
Lead split shot (1/4 inch)
16 or similar gauge steel wire
Rubber bands
Glue gun and glue sticks
Packing foam
Fingernail polish
Medium sandpaper
Needle-nosed pliers
Yardstick
Black marker
Paper or cloth towels

Wave Energy Devices in Action: Website Resources
•

Northwest National Marine Renewable Energy Center:
http://nnmrec.oregonstate.edu/

•

Giggawattz Ocean Wave Energy Converter:
http://www.youtube.com/watch?v= QP-G6sfbQq4

•

Theoretical Wave Energy Farm:
http://www.youtube.com/watch?v=vS-s9QzPGDg

•

Brazilian pilot project (subtitled):
http://www.youtube.com/watch?v= GA_UgVm9bvU

•

Blue Energy - Ocean Power (Piston Pump & Racks):
http://www.youtube.com/watch?v=fYfs-qYGzvs

•

Giant Sea Snake Renewable Electricity Generation:
http://www.youtube.com/watch?v=mcTNkoyvLFs

•

Pelamis at Aguçadoura:
http://www.youtube.com/watch?v=JYzocwUfpNg|
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APPENDIX THREE
Oregon Department of Education Science and
Engineering Design Standards
This list provides the content standards for Science and
Engineering Design for fourth grade through high school that
can be met with the “Wave Energy Engineer: Building a Model
Wave Energy Generator” curriculum.
Engineering Design Standards
4.4D.1 Identify a problem that can be addressed through
engineering design using science principles.
4.4D.2 Design, construct, and test a prototype of a possible
solution to a problem using appropriate tools,
materials, and resources.
7.4D.2 Design, construct, and test a possible solution using
appropriate tools and materials. Evaluate proposed
solutions to identify how design constraints are
addressed.

WILLIAM HANSHUMAKER, PH.D., is a Fisheries and Wildlife
Senior Instructor at Oregon State University and is Oregon Sea
Grant’s Chief Scientist. Bill has over 37 years of experience
in Free-Choice Learning working at the Oregon Museum of
Science and Industry and the Hatfield Marne Science Center
(HMSC). Questions regarding this curriculum can be directed
to him at bill.hanshumaker@oregonstate.edu.
ALAN PERRILL is a retired computer programmer who has
been a volunteer at HMSC for eight years. He designed a laser
refractometer display to measure the salinity of seawater. Since
then he has worked mostly with model wave energy generators. Alan has designed and built displays of point absorbers
(as shown in this article) and surge converters.
RUBY MOON received her master’s in public policy from
Oregon State University in 2012. She has been with Oregon
Sea Grant for five years in various capacities, working with the
community and the commercial fishing industry with outreach
and engagement issues. Ruby’s role as the Marine Renewable
Energy Associate provided her the opportunity to evaluate,
revise, and disseminate the curriculum throughout Oregon.

8.4D.2 Design, construct, and test a proposed solution and
collect relevant data. Evaluate a proposed solution in
terms of design and performance criteria, constraints,
priorities, and trade-offs. Identify possible design
improvements.
H.4D.2 Create and test, or otherwise analyze at least one of
the more promising solutions. Collect and process
relevant data. Incorporate modifications based on
data from testing or other analysis.
H.4D.4 Recommend a proposed solution, identify its strengths
and weaknesses, and describe how it is better than
alternative designs. Identify further engineering that
might be done to refine the recommendations.
Science Standards
4.1P.1 Describe the properties of forms of energy, and how
objects vary in the extent to which they absorb, reflect,
and conduct energy.
6.2P.2 Describe the relationships between: electricity and
magnetism, static and current electricity, and series
and parallel electrical circuits.
8.2P.2 Explain how energy is transferred, transformed, and
conserved.
H.2P.3 Describe the interactions of energy and matter,
including the law of conservation of energy.
H.2P.4 Apply the laws of motion and gravitation to describe
the interaction of forces acting on an object and the
resultant motion.

Wave energy generator assembled in a wave tank. The magnet is
partially visible beneath the green coil. Courtesy of Alan Perrill
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New Books and Media

Author Patricia Newman’s Plastic Ahoy! Investigating the Great Pacific Garbage Patch, winner
of the Green Earth Book Award, features three female
science students from the Scripps Institute of Oceanography who travel to the North Pacific Central Gyre
to study the millions of pieces of plastic that have
accumulated there. The students make observations, collect data, create experiments, and develop
hypothesis. The final chapter shares how young readers can help make a difference in the reduction of
ocean debris.

Recently released, DIY Lake Science app from UC
Berkeley’s Lawrence Hall of Science allows families
and educators to explore freshwater ecosystems at
home, at school, or anywhere, with 12 hands-on STEM
activities. The activities can be conducted indoors or
outdoors—using everyday materials, engaging videos,
and simulation to explore change in ecosystems. Each
activity includes material lists, step-by-step instructions,
and detailed explanations. Compatible with iPhone
and iPad, and available in Spanish. Download for free
at: https://itunes.apple.com/us/app/diy-lake-science/
id973319218

The Shark Whisperer, Dr. Ellen Prager’s first middle grade book,
followed by her second, The Shark Rider are part of the Tristan
Hunt and Sea Guardians series. The ocean adventure series follows
Tristan and his friends as they arrive at summer camp, where they
develop unusual, but exciting ocean powers. They soon discover
that the camp is really a training ground for secret and dangerous
underwater missions. The teenagers’ ocean powers play a key role
in helping the young secret agents save marine life and habitats.
This fun series is written by oceanographer and researcher, Dr. Ellen
Prager who is passionate about ocean science, and hopes to educate
middle graders about current ocean issues, as well as encourage
young readers to get involved in the preservation of ocean life.
The series meets the Common Core Standards for English Language Arts and Science. A free downloadable Educator’s Guide
with language arts and science activities is available.

Send review copies and news about books, videos, apps, and other new media to the Current Editor at current@natlmarineed.org.
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Online registration for our 2015 annual conference
is available through June 24!

Join us June 29 through July 2 in Newport, Rhode Island.
The theme of this year’s conference is Ocean State,
Ocean Planet: Exploring Our World of Water.
The conference brings together formal and informal
educators, scientists, students, and government and industry members
to share ideas on the world of water.
This year there are five conference tracks: in the classroom, out of the
classroom, next generation science standards (NGSS), today’s scientific
research, and partnerships with industry and government.
Enjoy a day exploring the natural beauty of Newport
with the many fun field trips planned, including a trip to a lighthouse,
refuge, and aquarium, as well as whale watching, diving, kayaking trips
and more, offered throughout the conference.

MAKE YOUR RESERVATION HERE. SPACE IS LIMITED.
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