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Revised Marine .Education Infusion Units
for Middle School-Junior High School

Have You Been to the Shore Before? A Marine
Education Infusion Unit on Seashore and Aquarium
Life

What Adventures Can You Have in Wetlands,

Lakes, Ponds, and Puddles? A Marine Education
Infusion Unit on Wet Environments

What is our Maritime Heritage? A Marine Education
Infusion Unit on Ships and Shipping

Is Our Food Future in the Sea? A Marine Education
Infusion Unit on Aquaculture and Sea Farming

How Do People Use Lighthouses and Navigational
Charts? A Marine Education Infusion Unit

Do You Know Our Marine Fish? A Marine Education
Infusion Unit on Finfish of the Gulf of Maine

Do You Know Our Marine Algae? A Marine
Education Infusion Unit on Algae of the Gulf Of Maine

What Are the ABC’s of Marine Education?
A Marine Education Primer Dealing with Many Topics

Original — Trail Editions (For Grades K-12)

Clams and Other Critters

Marine Art

The Aquarium

The Beaver

The Lobster

Whale Muiti-disciplinary Studies

Our Heritage of Ships

Shipping, Ships and Waterways

The ABCs of Celebrating Year of the Coast in
Your School

Have You Ever Been to the Shore Before?

Blue Mussel

Lighthouses

Wetlands

Seaweeds

Aguaculture

Navigation

More than one hundred teachers and members of past NSF sponsored summer institutes have triai tested and
critiqued these units.
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Foreword

Marine education is a relatively new term embracing a
multi-disciplinary approach to learning about the marine
environment: how it relates to people and how people
change and relate to it. These units are intended to serve
as points of departure for teachers and students who
desire to increase their awareness of the watery world of
this blue planet. Each unit includes ideas and activities
drawn from a variety of content areas so that teachers of
many different subjects at the junior high and middle
school levels can make use of them. These units may be
used in their entirety or used as idea or activity sources to
infuse into the usual curriculum.

Our objective is to help teachers make learning more
water-related. We did not plan a structural sequence of
topics for grades five through nine, but rather offer these
teachers guides and student pages for your consideration.

The general focus within these units is the Guif of Maine.
As the Gulf extends from Cape Cod to Nova Scotia it
washes an extremely long and varied coast. We have
dredged and seined themes from the activities, concerns,
organisms, vessels, and the past of this vast watery region
of North America. We aim to be inclusive rather than
exclusive, suggestive rather than factual, and stimulating
rather than expert. Our hope is that your students will
become more questioning, interested, and critical of watery
concerns. We hope your use of these materials will add
water back into our culture.

John W. Butzow

1



Drawings by Nacriphoel Ruge — age 7
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A Note on Measures and Genders

Wherever practical, metric measures are used in this
unit. Teachers are urged to use metric measures
descriptively as well as in student measurement and
cbservational activity.

A number of occupational words have as yet no
generally used non-sexist equivalent. We have
therefore retained use of the terms fisherman and
lobsterman for either sex.
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The idea of a “world of water” is the key concept
in marine education. All the oceans, rivers,
streams, ponds, lakes and ground water systerns of
the world are interconnected through one grand
process known as the water cycle. In this cycle,
water leaves the surface of the earth through
evaporation, caused by heat from the sun's rays, or
via transpiration from the leaves of plants. The
gaseous water, called water vapor, is carried aloft
by rising air currents where it is condensed into
raindrops or snow which group into clouds. When
the clouds become too heavy with droplets or
flakes, they fall to earth, replenishing the oceans,
rivers, streams, ponds, lakes and ground water.
The cycie continues.
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Not only are the earth’s water supplies related
through the water cycle, but, also, through a
physical connectedness on the earth’s surface:
moest rivers, lakes and streams eventually end up
flowing into the oceans. Because of this system,
the only real difference between ocean water and
fresh water exists: the amount of minerals
{generally called “salt™) found in each,. Streams,
rivers and raindrops erode the rocks of the earth’s
surface. The minerals and rock particles that result
from this erosion are carried by rivers to the seas,
Thus, all of earth’s waters contain some “salt™;
because many rivers flow into the ocean, the ocean

ends up containing more salt than any individual
river.




Thus, marine education is really concerned with all
of the earth’s water, “fresh” and “salt” and all the
physical, chemical and geological processes
associated with this water world-as well as all the
life contained within it. But, also, and perhaps more
importantly, marine education looks at an “earth of
water.” Photographs of our earth sent back from
space revealed our planet to be truly a water
planet. All the “blue” areas on the earth constitute
nearly 75% of its surface; water is what makes
earth unique among all the planets of the solar
systemn, and one of the chief reasons why we have life
as we know it an earth,

We see, then, the marine education focuses on
many aspects of water — the interrelationships
within the “water world” as well as the idea of an
“earth of water.” But the concept of the “world of
water” extends even further to a consideration of
how human beinas and all our fellow land
organisms are connected to this world. First, we
are totally dependent upon water for survival, our
bodies are composed of over 65% water; we can
live for months without food, but only a few days
without water. In addition, we have a rich heritage
of water-related activities: the world of water has
been used by humans for food, transportation,

Establishing a saltwater aquarium in your
classroom can be difficult and a little tricky, but it
can also be very rewarding and 2 powerful teaching
tool. The instructions which follow should answer
many of your questions. The activites are from a
Northern New England Marine Education unit
entitied, Have You Been to the Shore Before?
It contains good rocky shore background
information, drawings of marine plants and animals,
and extensive material on seacoast field trips
including resource people and sites.

Equipment Needed:
Styrofoam cooler, aerator, pump and plastic tube,
seawater, sea creatures, beach sand and rocks.

Method:

Your aquarium tank will be simply a styrofoar
picnic cooler with several strips of filament tape
added for hinges.

commerce, energy production, industry, minerals,
oil and gas, military protection, adventure,
recreation and artistic inspiration. Qur connections
to the world of water run deep and extend far back
into the roots of our past as a species and as a°
civilization.

The goals and objectives of marine education, are
to teach about these many aspects of the world of
water. According to Harold Goodwin, a leading
American marine educator. marine and agquatic
education is “that part of the total educational
process which enables people to develop a
sensitivity to and a general understanding of the
role of the seas and fresh water in human affairs
and the impact of society on the marine and aquatic
environments.” It is our purpose in creating this
quide to help you, as teacher, begin to help you
students to develop that sensitivity and
understanding of which Goodwin speaks.

IGoodwin, Harold L. An Introduction to Marine
Education: To Inform Americans About the World of
Water (Draft for comment}. Published by the University of
Delaware Sea Grant College Program, University of Delaware,
College of Marine Studies, Newark, Delaware, 19711.

cooler




The only other modification needed is a hole which
you can punch in the top of the cooler with a
sharp pencil. You can prepare your aquarium at
beachside as you collect your classroom creatures.
First, you will need some coarse sand, enough to
cover the bottomn of the coocler to a depth of three
or four centimeters. You should add two or three
rocks about the size of your fist. Next, “fill” the
cooler with sea water to a position about four
centimeters below the place where top fits into the
cooler. You may want to scratch a line at your fill
position for future reference.

With sand and rocks in place you can begin to
collect creatures. This should be done at low tide
and of course in a location where you have
permission to collect. Local ordinances or state
regulations during a “red tide” period may prohibit
taking certain species, especially clams and
mussels. A good collection for a cooler aquarium
might be two or three large snails or welks, a half
dozen small snails or periwinkles, two or three very
small green crabs, several clusters of six to ten
mussels which often come attached to rocks (keep
them together) and one or two of each of the other
living creatures you happen to see. The rule for
keeping things alive later in the classroom is by
keeping a few creatures and replacing them as they
die or are eaten.

A cooler aquarium as described above with
naturally cold sea water will last overnight in the
trunk of your car without further cooling or
aerating. To be on the safe side you could add a
sealed bottle containing frozen freshwater or a
carefully sealed plastic bag of ice cubes as coolant.
Never put freshwater ice directly into your
aquarium.

Once you have arrived home, put the plastic tubing
onto your aeration pump and insert the tube
through the top into the water. Weigh the tube
under rocks below the sand surface. Be careful,
however, not to crush the end of the tube with the
rocks. Each day check the temperature of water in
the aquarium. It should stay between four and ten
degrees celsius {(40-50°F). Bagged ice or sealed
bottles of frozen water will do the trick. Send the
aquarium home with trained volunteer students
over vacation periods for appropriate maintenance.

To maintain your aquarium, you will have to keep
the salinity or salt content of the tank stable. When
you first fill the aquarium, mark the water level
with a scratch mark on the tank. The density of
the water in the aquarium is important and can be
checked with a hydrometer {available at a pet store
or you can make one from the information in letter
“E.”). It should show a reading of 1.025 when
natural seawater is filling the aquarium. As water
evaporates and the sait concentration in the tank
rises, pure water should be added to return the
original water level mark. Any sait accumulating on
the edge of the glass should be scraped off the
sides and returned to the tank. Tap water should

o

set overnight, uncovered, to removed chlorine
before it is added to the tank.

The starfish and crabs can be fed with frozen
clams. Turtle food and fish food may be added to
the water to provide nourishment for mussels and
small fish. For a while you may try an experiment
of adding a few extra mussels and small fish. In this
more natural situation, crabs and starfish will find their
own dinners. You and your students will have the
opportunity to watch crabs and starfish opening the
mussels. The small fish will “clean up” after the crabs
are finished.

There are a few simple steps to remember for a
successful aquarium:

1. Use natural seawater and maintain a constant
water level.

2. Keep the water temperature low. If you need
to reduce the temperature in your tank, float
ice cubes in plastic bags or containers. Never
add ice cubes directly to the water. Also,
avoid rapid temperature changes. The range
is 4 to 10 °C.

3. Keep the water well acrated.
4. Do not overcrowd your aquarium.

5. Find out which animals are voracious
predators. You may want to isolate these.

6. Feed your animals reqularly and remove all
uneaten food or dead animals to prevent
fouling.

7. To avoid excess evaporation, keep the top on
the aquarium “cooler” covered when not in
classroom use,

8. Keep the aquarium out of direct sunlight,

Specimens can be obtained from science supply
houses, but is often less expensive and more
interesting to make your own collections. You can
expect to find mollusks, crabs of various species,
starfish, small marine fish, snails, barnacles,
anemones and urchins, to name a few. Around a
jetty or arocky beach at fow tide is the best place

to look and collect. Collect various types of
seaweed to enhance the attractiveness of the
aquarium. You probably will not need any
supplemental lighting uniess you want to support
several species of the green algae. The
predominant red and brown seaweeds do fine with
regular fluorescent or incandescent light from your
ordinary lighting. If you want to work with seaweed
{marine algae) extensively you should keep an
aquarium just for plants. An interesting alternative
is to press seaweed for an attractive display.

Science Supply Houses In Our Region
There are many fine biological materials
comparnies. Several in our region can suppiy
regional specimens with quick turn around time,
often by telephone orders.




Berkshire Biological

240 Florence Road

P.C. Box 404

Florence, Massachusetts 01060
(413) 586-6149

Connecticut Valley Biological Supply Company
Southamption, Massachusetts 01073

(413) 527-4030 or toll free

(800) 628-7748

Science Activities to be Used
with Your Saltwater Aquarium

1.

What are the requirements of the plants selected?
Determine predator-prey relationships of the
anirals selected for the aquarium. How do these
organisms fit into the food web? Make a chart
filustrating the role the animals and plants in your
aquariumn play in the food web. This serves as a
good classroom bulletin board project.

. Stop feeding the aquarium animals frozen food

and stock the aquarium with a large supply of
mussels. Observe results.

. Speculate upon or do library research on the

effect a variation of the salt content of the
aguarium water would have on the aguarium’s
teniants.

Small clear plastic containers from the meat
market (about 10 x 10 x 10 centimeters) make
fine observation containers. Buddy teams of
students can work with hand lenses to observe
smaller parts of creatures up close. To avoid
disruption of your aguarium, you may want to
keep a five gallon “jerry can” of seawater in
the refrigerator to fill your observation
containers. Stainless steel of better plastic
kitchen strainers make good catching gear.
You might want to use the observation form
“My Special Critter” from the pocket to help
students concentrate.

Language Activities:

Have each student keep a journal of daily
observations of the plant or animal of his choice.
The jounal may be picture or script, depending on
age level.

Math Activities:

1.

Record, chart or graph the life span of the
different anirmals in the aquarium.

. Record, chart or graph the growth of any animals

or plants which can be measured.

. Measure the water temperature. Graph the

temperatures over time.

. Record periods of areater or lesser animal

activity. Graph in relation to time of day, periods
of days or months of year.

5. Using liter pitchers, determine the capacity of
your aguarnum.

Art Activity:

Many dried sea creatures especially starfish,
scallops, sea urchins and sand dollars that have
interesting but flat sides can be used to print with.
One method is to spread ink liberally on a board
with a rubber ink roller available from craft shops.
The procedure is to “ink™ the dried creature and
press it onto unglazed paper. For interesting and

creative effects a variety of colors of ink can be used
with interesting arranagements of creatures. The truly

creative will also print t-shirts, cloth pendants and

use proceeds to sponsor field trips. A variety of inks

and paint can be used. For starters you might try
Pilikan Encre DeChine 17 Black.

Fish can also be used to print. This process is

described and illustrated in letter C as well as n the

NNEMEP units called What Adventures Can
You Have in Wetlands, Lakes, Ponds and

Puddles? and Do You Know Our Marine Fish?

Resources:

Bower, Carol E. Keeping a Marine Aquarium: A
Guide for Teachers. The Children’s Museum of

Hartford, Connecticut, 1975. Well-organized and
well-written.

King, John M. and Kelley, William E. Marine

Aquariums: Principles and Practices. Aquarium

Systems, Inc., An excellent 25-page booklet —
theoretical and practical. i

Miget, Russel. How to Set Up and Maintain A
Saltwater Aquarium. Publication No. TAMU-

$G—81-504 Marine Infarmation Service, Sea Grant
College Program, Texas A & M University, Coliege

Station, Texas 77843.

The Northern New England Marine Education
Project publishes a Marine Education Infusion Unit
entitled Have You Been to the Shore Before?
which deals in detail with seashore plants and
animals. This and other products of NNEMEP are
described under letter N.
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“Once upon a time not Jong ago, three generations
of Maine craftsmen wrought from raw pine, oak,
pitch and iron the worthiest, most appedling sailing
ships the world had yet seen. With one eye to
commerce and one to nature, they builf vessels
that deflected harsh forces to human purposes and
attained a level of art in the process. Not
overnight, but one keel, one mast, one good ship at a
time.”

— Author unknown

Boat building is an important part of our state's
history and your students’ heritage. Many fine
resources exist for all ages of learners, and a few of
finer ones are listed in this section.

One of the most pleasant and exciting ways to put
your youngsters in touch with this living tradition is
to visit a boat builder. We do recommend, that if
you're lucky enough to afford a field trip, you
-enrich its values with pre- and post-trip lessons. Da
be sensitive to a vard’s point of view that time is
money and appreciate that you may be a costly
interruption.

A guide listing numerous boat yards was prepared
by John F. Battick, Department of History,
University of Maine at Orono. The guide is found
in the NNEMEP Unit, What is Our Maritime
Heritage?

Sink-it, A Tragic Activity

Hyoucanorevenifyoucannotuisitaboatyard
or maritime museum you may want vour class to
engage in the great sink-it contest. In this contest,
size number one paper clips are used as boat
passengers and boats are desianed and fashioned
from modeling clay. To be fair, students should
weigh out the same amount of clay. Twenty five
grams works just fine. While the contest works well
in small containers such as photograph developing
trays or bread loaf pans, a child’s wading pool| can
oe used simultaneously by the whole ciass.

Contestants should have a few minutes to tashion

eir ciav vessels. Each contestant should he given
& handful of paperciips, anc. at the $igNai. Ciips are
added one by one. The number ot cips to just sins
each vessei shouid be recorded on the biackboara,

w

Cheering for a favorite should be encouraged
within reasonable limits. You may want to hold this
part of the activity outdoors in good weather.

Keep the win, place and show vessels and have

* their designers sketch their desians on the board.

Discuss possible reasons for success. Class reading
on vessel design could follow. Most good
encyclopedias have iliustrations. After the library is
picked clean for ideas, your class would benefit
from running the contest again.

This idea is aiso used in the NNEMEP unit, What
is Our Maritime Heritage? which also contains
other boat design activities and bibliographies.
More ideas on clay boats can be found in the ESS
unit by that name (see Resources section).

Resources

The Maine Maritime Museum’s Apprenticeshop at
Bath has produced some elegant materials over the
last few years. Under the direction of Lance Lee,
three monographs produced with the support of
the National Endowment for the Humanities, might
serve as an inspiration for you. They are free. A

. pamphlet, Half-Modelling, with templates on thick

stock paper is also available. For this, there is a
small charge.

Your students would also enjoy:
Michael and the Mary Day bty Harry W. Smith

. (published in Camden, by Downeast, 1979)

Any of the Elijah Kellogg's Elm Island stories,
published in Boston by Lothrep, Lee, and Shepard
and Company, if you can obtain them, written one

hundred years ago, will appeal to many youths
today:

Lion Ben of Elm Island, Volume 1, 1871.
Charlie Bell, The Waif of Eim Island, Volume 2.
The Ark of Elm Island, Volume 3. 1869.

The Boy Farmers of Elm isiand. Volume 4
1869.

The Young Shipbuilders of Elm island.
Volume 5, 1870




The Hard-Scrabble of Elm Island, Volume 6,
1873.

The Elementary Science Study (ESS) kit for
Clay Boats is excellent as an introduction to the
concept of buoyancy. It is very popular with
children because of its manipulative nature —
and the magic of playing with water. It is
available from the Webster Division, McGraw-
Hill Book Company, New Yark, 1969,

The State of Maine maintains its own boat-
building school at Washington County Vocational
Technical Institute at the Marine Vocational
Center, Eastport, Maine. Write for a school
catalog to:

Washington County Vocational Technical School
Calais, Maine
04619

One fairly easily done activity related to
commercial fish is using a fish scale to determine
approximate age. Fish, like trees, grow faster
during warmer seasons wheye more nutrients are
available. Fish scales are easily obtained from a
sports fisherman or from the fish market. Remove
scales from the midsection of the fish and count
lines out from the center. These lines represent
colder seasons. In general, each line represents one
winter and hence the total number of lines provides
a rough estimate of the age of the fish. In the
pocket is a sketch drawn from a scale of a six year
old striped bass caught in the Penobscot River.
You can make an overhead transparency of the
sketch and then do the aging activity with your
whole class or vou can use the transparency to
introduce the process and then have teams of
students count lines on different scales of the same
fish. Older students can make data tables and

averaging to arrive at the best guess at the age of
the fish.

Scales can be prepared in several ways. They can
be placed between two glass microscope shdes and -
then the ends can be taped together to prevent the
scale from drying and curling up. Viewing scales

can be done with a standard microscope on low
power, or with a binocular or “sterec” microscope.
These are easier for youngsters and usually only
have low power. The scale can also be projected
with a microprojector.

Teachers who mount their own 35mm .
photographic slides may be familiar with class slide
mounts. Scales can be mounted between glass

slide mounts and then can be projected in the

same way as any 35mm slide. -

Goed counting!

The Department of Marine Resources has the
ability to work with teachers and schools in
planning curriculum and setting up programs.

There is a speaker service with slide presentations
which can be tailored to your particular needs.
Publications for use by teachers, which are free of



charge, are abundant in the DMR library, as are
many technical research reports for further study
interest of teacher background material.

Lorraine Stubbs is the Marine Science Educator
who will be happy to assist you with these services.
She can be contacted at the following address:

Lorraine L. Stubbs

Department of Marine Resources
State House, Station 21

Augusta, Maine 04333

(207) 2892291

Slide Presen*ations. Other Media and
Equipment '
The Gulf of Maine

Lobster Slide Show
Herring Slide Series

Field Trip to a Rocky Shore (either seconddry
or elementary school)

Marine Careers

Marine Worms

Research Films _

The Anadromous Fish Project
Fishing Equipment and Methods

Other: Set up uvisits to an aquarium, Research
Lab of DMR or Bigelow Lab

Teacher Background

This background information is edited from the
report of the Penobscot Watershed study, and is
reproduced here with permission of the University
of Maine at Orono Office of Water Resources.

A map of the lower Penobscot Watershed is
prouvided in the packet.

The Penobscot estuary extends from the head of
tide at Bangor. south 32 km to Searspor:. The
estuary from Bangor to Buckspor: flows in a
narrow basin with a mean (average) width of 1.9
km. The mean depth of the estuary basin is 9 m,
with maximum deoth of 26 m. The surface area is

The Fishes of the Rocky Shore

Ms. Stubbs personally narrates these and can
adapt to any K-12 grade level. She often brings
hands-on materials as part of the presentation,
and answers students’ questions.

Materials of Special Interest to Teachers.
The American Lobster Unit 13
The Atlantic Herring Unit 14
The Steamer Clam Unit 15

extensive teacher background material,
numerous illustrative aids on description of
fishery, good bibliography, upperclass grades

Information Sheets for Teachers and Students
The Estuary
The Sturgeon

Biography of Food from the Sea
nutrition information, description, illustration,
preparation of species such as clams, cod, crab,
haddock, pre- and post-tests, adaptable to
middle & upper grades

Fisheries Information on other species of
interest
habitat, life cycle, fishery research information
with iliustrations. Request by the species’ name.

Wide variety of materials dealing with Coastal
and Marine topics.

R
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96 km? with a volume of 849 million m? at mean
low water. Mean high water at Bangor is 4.0 m
above sea ievel, and mean high water at Bucksport
15 3.4 m.

At the base of the Bangor dam is a large pool
which appears relatively clean but is slightly turbid
due to the violent mixing that occurs from the
water spilling over the dam. The pooi stays open
vear round and in the winter harbors severa
nundred waterfowl. A moderate amount of aigae
and submerged vegetation grow in the pooi.

From the pool to the end of the area there are
several coves, tidal flats and areas of extensive tida!
marsh. Physically. the Penobscot estuary is



partially mixed or moderately stratified or zoned by
salt concentration. In this type of estuary the
salinity increases both with depth and proximity to
the ocean. The partial mixing has important
biological implications because pollutants, in
addition to the salt concentration, are unequatly
distributed throughout the water column.

Oceanographers report salinity in parts per
thousand {%o) rather than percentage (%) or parts
per hundred. Typical “salt” water in the Gulf of
Maine is 34%o or 3.4%. This is approximately
equivalent to a quarter teaspoon of salt to a liter
(or a teaspoon of salt per gallon) of water.

The salinity increases from surface to bottom.
Salinity zones vary according to the rivers’
discharge. During low flow, the tidal influence is felt
further up the estuary and the higher salt content
water extends much further up than during peak
flow. Based on a classic mid-1960’s study by
Haefner, salinity zones were determined as follows.
The fresh-water stretch (0-.5%0 ) began at the
Bangor Dam and extended a distance of 3 km to
18 km downstream. The oligaline region (.6-3%-)
extended beyond the freshwater section a distance
of 3 to 10 k. The mesohaline region {3.1-17%o}
reached as far upstream as Hampden and as far
downstream as Bucksport. The polyhali