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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

Hoav Do Peop/e Use Lighthouses and Navigational
Charts? A Marine Education Infusion Unit

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

Do You Knots 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 aith Many Topics

Original � Trail Editions  For Grades K-12!
Clams and Other Critters
Marine Art
The Aquarium
The Beaver
The Lobster
Whale Multidisciplinary 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
Aquaculture
Navigation

More than one hundred teachers and rnernbers of past NSF sponsored surnrner institutes have trial tested and
critiqued these units,





Foreword
Marine education is a relativelv 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 io increase their awareness of the watery world of
this b!ue 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 Ave through nine, but rather offer these
teachers guides and student pages for your consideration.

The general focus within these units is the Gulf 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 wiH add
water back into our culture.

John W, Butzow



A Note on Measures and Genders

In this unif metric measures mill be
used, We urish to strongly urge the use
of metric measures as part of our
nation's change to the metric system.
As educafors, our duty is fo assist the
mefric conuersion.

A number of occupational upwards have
as yet no generally used non-sexist
equiualent. We haue fherefore retained
use of the terms fisherman and lobster-
man for either sex,

Throughout the unit, LUeight, length and
the other statistics used are the "best
guess" ~ith fhe auailable dafa. It is
difficulf ta present 100% accurate data
as all data is tentative.
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Depending upon the fish type, fish may live
anywhere in the water. For example, ground fish
are benthic or bottom dwelling.

Whai Makes A Fish,
A Fish?
Several key characteristics will help to distinguish
fish from other animals. Fish norrnallv live all their
lives in water, A few fish, the walking catfish and
eels, occasionally leave the water to move over the
land, Another characteristic of fish is that thev
usually have scales. Scales are outgrowths of the
skin and there are several different types. Some
examples are placoid, ganoid, ctenoid, and cycloid.
Fish also have gills for respiration and occasionally
"lunqs." The fins on a fish are appendages specia-
lized for aquatic locomotion.

The Water Column

Surface

Fish are the most numerous of the vertebrates.
They make up 43 percent of 37,600 species of
recent vertebrates. lchthyologists  fish scholars!
estimate the number of recent fish species to be
between 15,000 and 17,000, with the possibility of
40,000 different species. These numbers are large
when compared to such groups as mammals which
have 4/00 species; and this number includes
people. Although there are many species of insects,
none of those well-adapted animals can match the
degree of diversity in sizes and shapes of fish. Fish
range from the smallest animals to monsters 50
feet long. It is really no wonder why there are so
many different kinds of fish when their long exis.
tence on earth and the extent and variety of their
habitat are considered. They antedate people' s
ancestors by 400 million years and most other
vertebrates by 100 million years. With more than
70 percent of the earth's surface covered by water,
fish range from approximately 3 miles above sea
level, in mountain streams, to nearly 7 miles
beneath the sea. Fish occupy habitats from below
freezing waters to hot springs, and from fresh
water ponds to salty seas. Fish also have diverse
reproductive cycles and several examples of these
are included.

Pelagic
 in the
~ater column
at any level!

Benthic

The broad purpose of marine education is to develop a marine literate citizenry; that is to
educate our students about the fundamental importance of the connections of human culture
to the marine and aquatic environment. The general purpose of the marine education
infusion units in this series is to provide teaching materials to make this broad purpose
possible for middle and junior high school teachers in Northern New England. The special
purpose of "Do You Know Our Marine Fish?" is to make available teacher-tested ideas and
activities for use in your classroom and in your field trips to the ocean where the fish live.
The important concepts in this unit are the diversity and complex inieractions these
orgariisms make on the marine environment. Specific objectives are given for each actiuity,
but bear in mind two general objectives. Students should develop improved knowledge and
increased appreciation of the beauty and complex interrelatedness of marine fish as
important organisms in our sea.
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When speaking of specific fish, it is more precise to
use the Latin name  including genus and species!,
The use of the Latin or scientific name avoids the
error of speaking about the wrong fish. Using the
common name, which may not be the same
common name someone else uses, can lead to con-
fusion. The same fish has only one scientific name,
but may have several common names. For
example, Clupea harengus is the scientific name of
the herring. Its common name is herring, but it
may also be called sardine, brit, or sperling. You
may want to discuss this with your students.

Fish Shapes
Fish come in many diverse shapes and sizes. Some
fish appear triangular, rectangular or cylindrical in
shape and others, round, flat or elongated. With
time a fish may even change its shape, and cer-
tainly its size. The reason for different shapes and
sizes is adaptation to environmental stresses.
Depth, bottom type, and type of food are
examples. Under differing conditions, fish have
need of different shapes and sizes. For example,
the triangular-flat shape of a flounder is useful for
bottom-dwelling life. With this flat shape, the
flounder camouflages with the bottom, The cylindri-
cal shape of the shark is useful for speed. The
shark lives in the middle of the water column and
depends on speed and size to catch its food. Soine
fish, such as the puffer, are round and upan the
approach of a predator expand to much larger
proportions by taking in large quantities of water
through the mouth. The eel, a scavenger, has a
snake-like body and lives on the bottom; where it
uses its body shape to get into crevices. As the eel
does not live solely in the water column, like the
mackerel, it can swim more slowly and does not
require the streamlined shape of the mackerel, Fish
are often small because they need to hide from
their predators to avoid being eaten,

The shape and size of each fish depends on where
and how it lives. Even the shape of the body parts,
such as the tail and 6ns, is due to the way a fish
lives, A long pointed beak with sharp teeth is useful
if the fish eats other fish, but it would be prac-
tically useless if the fish ate organisms out of the
mud. In the same trend, a shark's tail is useful for
fang distance swimming in the ocean, but it would
not be as helpful for prowling around crevices
where eels live.

and hagfish. Both are parasitic and will not be con-
sidered in depth in our study.

~ Cartilaginous or Class, Chandricthyes include
sharks, skates, and rays. The cartilaginous fish
have a predominately marine existence, a skeleton
made of cartilage, pfacoid scales, no individual gill
covering and no "lungs" or swim bladder. Instead
of an individual gill covering called the operculum,
this class, with the exception of the subclass
Holocephafi  ratfish!, has flve external gill
openings.
~ Bony or Class, Osteichthyes are those fish with
a skeleton made of real bone. They demonstrate
several types of scales  except placoid!, and an
individual gill covering called the operculum. They
may be marine or fresh water, and they usually
have lungs or a swim bladder. Cod, haddock, and
pollack are representatives, A look at representa-
tives from the Cartilaginous and Bony fish
groups follows:

Cartilaginous: Sharks
Living off our coasts are sharks and their kin that
have been the subjects of many myths and mis-
understandings. Many people consider the shark
"primitive," "dangerous," a general "menace" to
our fishermen. Although these ideas may be
partially true, it is necessary to examine these
interesting animals more closely before we "rest
our case,"

Sharks have always been on people's minds � cer-
tainly since historic times. There are numbers of
paintings, legends, and descriptions of them from
all over the world. In spite of the great interest in
them and the comparative studies in anatomy and
the research on their physiology, surprisingly, very
little is known about their natural habits. Perpe-
tuated myths about these animals and films such as
Jaws I and 11 do very little for the citizenry other
than whet their appetites for drama and increase
their fears of our watery world. Many people can-
not separate "fact from fiction" � real from unreal.

Classes of Fish
There are three classes or biological groups of
marine fish. These are Agnatha  no jaws!,
Chondrichthyes  cartilage skeleton!, and
Osteichthyes  bony skeleton!. They are so
arranged because of the unique biologicaf advan-
tages each one has.

~ Jawless or Class, Agnatha include the lampreys

Presently scientists have documented the number
of shark species to be more than two hundred
forty. There may be more, Of these, about one
percent are really termed "maneaters." Since
people do not fully understand sharks' habits, the
best we can do is describe the animal as unpredic-
table. Without reliable information, people often
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advanced than gill slits with no covering. When you
think of fish, more often than not, you think of
bony fish,

Cod

The Atlantic Cod, Gadus morhua, is an excellent
example of a bony fish familiar with the Maine
waters.

Description of a cod includes color, body struc-
ture and size. The color is olive green or brown on
the back and sides; the belly is white. There is a
white or pale lateral line on the sides and vaguely-
edged dark spots along the back and sides from
nape to tail, not on the belly. It has a single barbel
on its lower jaw � the upper jaw extends beyond
the lower. The tail fin is almost square. Market size
cod are about 2.0 to 6,0 kilograms. They may get
as large as 45.0 kilograms and 168,0 centimeters in
length.

Life Cycle begins with spawning occuring in
winter months from about the end of November to
the first of April or as tate as the first of May in the
Northern Gulf of Maine, Spawning usually takes
place in depths less than 90.0 meters, in tempera-
tures of about 2' C, and eggs are produced at
about three million per adult fernale. Larvae
 immature stages of the fish that often look dif.
ferent than the adult form! continue to float and
drift with currents heading down the coast for
about 14-30 days before becoming pelaqic feeders
and growing to small-fry proportions, feeding on
copepods and other pelaqic larvae forms. The frys
take to bottom as they grow bigger, The areas of
bottom which they are over have suitable feed,
usually an upwelling area of relatively shoal water,
such as a fishing bank  see map on page 8!.

Habits of the Cod depend on food and bottom
type. Moving cod tend to congregate by size and
often travel in the pelagic range of water, hunting
out good bottom, squid or small herring, Their
movement is not to be considered migratory but

can also be caused by seasonable temperature
changes in the water, These fish move as groups,
but do not act as definite "schools" though this
term is often used, caused by lack of food or
predatory harassment.

When in residence, cod tend to stay within two to
three meters above bottom types of ledge, roc k
slopes of shoals, pebbly bottom or gritty-clay shell
bed. In March and April they reside over soft-mud
and sandy-bottom. They range from near shore
depths  several meters or less! to about 450.0
meters, in temperatures colder than 10 C, In these
waters their main diet is rnollusks and crustaceans
but they will gobble up squid and almost anvthing
else in a pinch.

Commercial Fishing Methods include jigging
 mackerel!, longlining  haddock!, gillnetting
 herring, sharks, pollock!, purse seining  herring!,
and bottom otter trawling  halibut!, The fish in
parentheses include other fish caught by the same
method. Some are trapped in midwater trawls or
pelagic gill nets, but this is because they were in
transit or paralyzed by fear, and it is not common

Fish That Migrate
The previous two species were examples of marine
f' h. The sea is also a habitat for fish which spendis . esca

honly part of their life cycle in the sea. These fis
are categorized as anadromous or catadromous
fish.

~ Anadromous fish live in the sea and mature to
adulthood. They enter and ascend freshwater to
spawn. The young hatch and live there until they
reach the stage when they can return to the sea.

~ Catadromous fish mature to adulthood in fresh
water. They descend to the sea to spawn. The young
hatch and tive there until thev reach the stage
when they can return to freshwater. A look at
representatives of both groups follows:

Anadromous: Smelt

The Smelt, Osmerus mordax is a good example of
an Anadromous fish.
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Catadrornous: Eel

el
 Anguil!a rastrota!

Description of the smelt includes a slender shape
with a long-pointed head and large mouth. The tall
dorsal fin is located above the ventral fin in profile
and is relatively short in length. Behind the dorsal
fin and above the rear section of the anal is a small
adipose fin. The smelt has a forked tail.

The smelt is usually olive green on the back and
sides, It has a broad silver strip that runs laterally
and it has a silver belly. The average size is 18,0 to
23.0 centimeters and it weighs between .03 and .17
kilograms.

Life Cycle begins in fresh water. Spawning occurs
between March and May. Eggs are produced at
10 C - 14' C. The average female produces 40-
50,000 eggs which sink and stick together in
clumps. They hatch in 8 to 27 days, depending on
the temperature.

When the fry reaches 25.0 to 50.0 millimeters in
length, it returns to the estuarine environments. It
reaches maturity after its third spring � years old
or more!,

Habits of the smelt vary, They live close to shore
in harbors or estuarine situations according to vear
class  a group of fish all born in the same year!.
They feed on small shrimps, worms, and small fry
of herring, mummichogs, and alewives. They also
eat small mollusks and small crabs, The young feed
on minute pelagic crustaceans after they return
from spawning ponds and streams.

Commercial Fishing Methods include netting in
streams during spawning season and also handlining
through harbor ice in winter.

The American Eel, Anguifla rostrata, is an excel-
lent example of a Catadromous fish.

Description includes a long-round shape that
resembles a snake. The skin is rich with mucus

giving the eel a slimy-slippery texture. The tail has
a long continuous fin going around it which is the
anal, caudal, and dorsal fins united. The eel also
has pectoral fins, a beak-shaped mouth, and a
distinct line going down the side of the body. The
mature fernale eel may reach 180.0 centimeters in

length, The male may grow to 45.0 to 60.0 centi-
meters in length.

Life Cycle begins with spawning in the sea, In the
fall, the mature eels leave freshwater and return to
the Sargasso sea. There, the eels spawn. Each

fernale produces up to 20 million eggs. In rnid-
winter spawning adults die and the larvae
 Leptocephali larvae! hatch in the shape ot a wide
transparent ribbon. In the fall, the larvae drift with
the ocean currents to the shore. In the spring the
females ascend the freshwater to mature in inland
waters, while the males remain to mature in
brackish water. After both have spent the winter
before ~n metamorphosis, they become "glass eels"
or "elvers" which are shaped like the adults, only
transparent. The "elvers" become dark-brown
when they approach fresh water, They mature and
become spawning "silver" eels in freshwater sys-
stems for 4 to 9 years until ready to complete their
catadrornous life cycle.

Habits of the eel are relatively simple in nature.
The eel feeds on whatever it can during the night.
During the day, the eels hide under whatever they
can find for cover,

Commercial Fishinq Methods include spearing
techniques, eel pots, and weirs.

Tertiary Consumers

Secondary Consumers
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Commercial Fishing
Historically, fishing has been of great importance to
Maine people. Fishing was of economic value to
the first settlers as it is to people today. In the
early 1600's fishing was organized commercially by
Western Europeans for the first time. Temporary
settlements soon became permanent with the
establishment of Maine's fishing grounds.
Numerous kinds of fish are in demand commer-
cially. Fish that were undesirable in the past are
sought after in today's market. The shark is an
example. This fish, thought of as undesirable for
years, is now a popular item in the fish market.
The commercial groundfish today are mainly cod,
haddock, hake, pollock, and cusk, The flatfish
 flounder and halibut!, sardines  herring! and ale-
wives are also marketed.

Fish can be marketed in several ways. The
quickest way is to sell fresh fish directly off the
boat, Fish spoil quickly, however, which is the
reason for processing. Canning provides a suitable
means of processing for sardines and other species
such as mackerel. Freezing preserves fish, not only
in the raw form, but in such forms as breaded,
filets, and steaks, Drying and smoking are further
means of preparing the lish for a marketable form
to insure freshness for consumers throughout the
country.

One reason for today's increased market is the
extension of the coastal economic zone up to 200
miles. A subsequent reduction in foreign competi-

tion has helped Maine go from 3% of the total New
England landings in 1976 to 17% of the total New
England landings today �980 data!.

1980 Catch Statistics

Dollar
Value

Landed Value
To Fishermen

Kilograms/
Year

1,071,529
3,865,261

2/18,429.0
4,555,201.0

Cod  Large!
Flounder

 Dab!  Large!
Alewives
Pollock
Cusk
White Hake
Haddock
 Large!
Shark
 Dogfish!

170,169
2,097,191

288,544
843,142

2,543,853

1,199,434,0
5,833,016.0

722,391.0
2,715,839.0
2,692,524,0

619,063.0 93,474

A town is considered an important fish port if it
has certain facilities and characteristics. Some of
these are the availability of refrigeration and ice  a
necessary ingredient for preserving the freshly
caught fish!, the ready-access to fishing grounds
nearby  important, when considering energy costs!,
a good harbor, an efficient fish pier, and in the case
of sardines � a cannery. The town that meets
these conditions is more likely to continue being
heavily used. A few examples of towns that are
good fish ports are Portland, Jonesport, Eastport,
Bath, Belfast, and Stonington,
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Fish in the
Arts and Crafts
Creative Writing, Poetry*
Haiku is a type of poetry invented by the Japa-
nese, The structure of the poem is a seventeen
syllable verse, In the verse there is the use of a
seasonal word referring to some particular event,
The lines are arranged with five, seven, and five
syllables in each line, respectively. Rhyming is
optional, with a subject matter of nature and
season. When writing Haiku do not write directly
about such things as ugliness or joy, but write
about things for which you feel deeply. While
writing, carefultv choose the right word for the
particular feeling and be brief by adding only a
seasonal word. When written, the poem will be
subject to different interpretations. You suggest the
idea you want; but let the reader interpret it. Keep
a sense of the present and immediacy in the poem.
Use imagery to reinforce your mood in the poem.
When writing the three lines answer the questions
where, what, and when respectively in each line.
Once written, read your poem aloud to someone
else, as all poetry should be read aloud. Remem-
ber, in Japan the poets who wrote these poems
were called friends of moon and winds,

An example of a poem is:

THE SHARK AND THE CRESCENT MOON

The crescent moon gives slender light
Yet reason enough for the shark.
To hide his head tonight

From the book: Little Pictures of Japan
Edited by: Olive Beaupre'
1925 by the Book House for Children
s A special thank you goes to Professor Rosemary Saiesi
of the College of Education at Uh40 for her notes making
this activity possible,

Gyotaku � Japanese Fish Printing
Gyotaku is an ancient Japanese method of recording
fish catches and obtaining information. It is a simple
and inexpensive procedure and a good way to gain an
appreciation of the form and variety of fish. The proce-
dure can also be used for making prints of other items
such as shells, flowers, etc,

~ Paper  rice paper, newsprint, soft paper!
~ Modeling clay
~ Pins
~ Water based ink  Pelikan Encre De Chine 17 black

is best!
~ Small paint brush
~ A fish

Clean fish well with soap and water and dry well.
Place fish on a layer of newspaper.
Support fins and tail in extended position with clay

and pin into place.
Paint one side of the fish with ink using a small brush.

Spread evenly using a very thin film. Brush against
the grain of the scales so ink will build up under
them.

Carefully place paper over the fish and gently but
firmly rub the entire surface. Be careful not to move
the paper. Rice paper storks best.

Lift the paper off, being sure not to move the fish or
smudge the print.

Fish In Literature
For this activity, using a book you feel the students
will enjoy, create a literature web, A literature web
uses a story as the basis and expands into many
areas such as economics, biology, geography,
mathematics, art, history and English. Activities
and discussions about the areas are based on the
story. in the book. Included in the reference section
are some books that may be used, or you can use
another popular story. Some suggestions for con-
sideration are:

Economics � have the students discuss how
money and the work associated with it may be
found in the story.

Biology � what are the biological relationships in the
story? How are the characters alike, yet different?
Geography � where does the story take place?
Where else could the story take place in the world
and why could it?

Mathematics � use the story to involve the
students with math by having them find areas of
the story where numbers are important. What are
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Materials:

Source of Material:

Any hardware store.

Procedure:

Plaster Fish

15

the numerical relationships that the students can
develop?

Art � have the students use characters from the
story for art projects.

Literature Web far the book The Fish in the
Castle by Dale Fifee

Economics � The family was on vacation. Have
the students discuss the value of vacations, Make
sure the students examine the monetary aspect of
vacations with relation to why employers give
vacations and how available money decides where
and for how long people go an vacation, Have the
students discuss where they would go an a marine
vacation.

Biology � Have the students discuss how the tides
influence when the grunion "run" ta spawn. Have the
students discuss advantages and disadvantages of
eggs being deposited where the grunion do spawn.
See if the students can think of other marine places
fish deposit their eggs.

Geography � ask the students where the story
occurs. Have the students discuss what is known
about California in relation to geographical features
such as weather  c!imate!, coastline, currents,
water temperature, and the availability of the
grunion. Could the students find another p!ace in
the world where the grunion could possibly spawn
and live? Discuss what factars could influence the
grunion living where they do and how that he!ps
determine where the grunion live.

Mathematics � have the students do a pyramid of
numbers starting with an imaginary example of two
grunion that increase in numbers over different
time lengths. For instance, two grunian that mate
give rise to four after two weeks, and give rise to
eight grunian after four weeks, You might have the
student practice word problems using cost/ki!a-
gram, and different fish species and prices such as
you would find in the supermarket.

Art � have the students design or draw a picture
depicting the grunion run. Models of grunion and
sand castles would also be productive.

* Fife, Dale, Fish in the Castle. New York: Coward-Mc Coon,
inc., 1965,

This procedure takes the form of a simple mold, It
can be made more complex by casting a fish in a
curved position, leaving its mouth open and adding
plastic fins and a glass eye, You can even mold
both sides of the fish for a more lifelike cast, The
"mold" refers to the "negative" made from the fish.
The cast is the life-like model made from the mold.

Preparation:

Keep the side that will be molded free fram dirt
and damage. If yau wish to finish the cast in
natural colors, it is best to take a co!or photograph

of the fish while it is still fresh. Do not a!!ow the
fish to dry aut, especially the fins and tail. If you
freeze the fish, leave the side to be cast sitting up,
and wrap the fish with wet cloth to prevent the fins
from drying out and the possibility of freezer burn.
Wrap in foil or freezer wrap.

Plaster of paris, cardboard strips, pins, sand,
shallow bax, cheesecloth, coping saw, modeling
clay, soap solution, plastic pai!, cup, knife, soft
brush, metal screen, scissors or snips, hanging
wire, hammer, and shellac.

Any slime must be removed in order to make a
good cast. A fish that is coarse and scaly is a good
choice  freshwater bass, sea bass, herring,
flounder!. A more s!imy fish may require light
scraping with a dull knife and slight drying, Male
salmon and trout in the spawning season produce
a great deal of mucus. This can be eliminated by
cleaning with a diluted solution of vinegar and then
rinsing with a solution of powdered alum.

Next, fill a sha!law box half-full with c!ean sand and
wet it. Cover sand with a double layer of wet
cheesecloth. Make a depression in the sand, a little
less than one-half the depth of the fish. Place the
fish in a natural position and work sand up under
the dorsal and anal fins, spreading them slightly.
Pin the pectoral fins, if necessary, close to the
body, as well as the anal fins. The mouth should be
closed and may need ta be pinned in place also.
Build a shallow dam around the fish using either
cardboard or aluminum strips.

Care should be taken to assure a good mixture
when preparing the plaster of paris. Always add
plaster to the water; about twa pounds of plaster
to a quart. Sifting results in a smoother texture;
stir gently to get a bubble free mixture. Allow the
mixture to set about ten minutes until it reaches a
heavy fluid consistency.

Start at the tai! and pour the plaster over the fish,
covering it entirely to a depth of at least one-ha!f
inch. The mold may be reinforced with burlap.
Plaster-saturated strips of this material should be
layed on after the mold has set and then covered
with an additional one quarter inch of plaster.
Allow two ar three hours to set. The plaster will
feel cool ta the touch.

Ta remove the fish, ro!l the mold over carefully,
remove the cheesec!oth and slip a thin knife under
the tai! and gently work the rest of the body free.
Do not touch the inside of the mold, Any mucus
left in the mold wil! dry and curl as the mold cures.
This will take 3 to 4 days. The plaster is cured
when it is completely dry and no longer feels cool
to the touch.



Casting:

Where the mold is thick as at the caudal peduncle, it
is best to cut the mold from the back to nearly the
inside edge of the mold. This will weaken it so that
tbe cast will not be broken during removal of the
mold.

Build a dam with modeling clay along the edge of
the fins outlined on the shelf of the mold. This will
help strengthen the fins. Slant the clay well over
the fin so the thicker base wilt be concealed, Cut
metal screen in the shape of fins for reinforcement.
Carefully remove the clay dams anct saturate the
mold in water until bubbling stops, Brush two coats
of diluted soap solution on the inside mold surface
for a separation layer. Use a dry brush to remove

any bubbles. Layers should be thin enough not to
obscure any detail. ff the soap is too thick, brush in
a little water. Replace the clay darns and pour in
the plaster into the fins and other elevated areas,
Add reinforcing screens, or be sure plaster has
flowed through them if they were in place before
pouring. Add banging hooks after the plaster bas
hardened slightly. Let cure 6-12 hours.

Once hardened, the mold may be broken away by
tapping it lightly with a hammer or mallet. Care
should be taken around fins and tail.
Finishing The Cast:

Broken pieces can be glued back when the cast is
dried. Bubble holes and seams can be filled with
plaster water. Seal with surface with 2 or 3 coats of
thin shellac. The cast can then be finished with
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Fish in the Kitchen
For the next actiuities  Purchasing Fr'sh, What
Finfish Do You Eat? and Fish Cleaning! use the
materials in the pocket ta make copies to hand
out to the students. Purchasing fish inuolues a trip
to a local supermarket to evaluate fish products
available to the consumer. The students will use
the form in the pocket to collect the data which
may be discussed and analyzed in class, Before
going to the supermarket, the What Finfish Oo
You Eat? handout may be filled out by the
students. A discussion of what the student's prefer-
ences are could follow. Once the preference hand-
out and supermarket trip are completed, a "hands
on experience" of cleaning fish is recommended.
Try the activity yourself first, to familiarize your-
self with the techniques involved. A possible check-
list for student evaluation is also included in the
pocket. The fish you use in cleaning and dressing
may be any you can readily obtain. You could try
some of the packing plants and local fishermen, It
is better not to use fish as small as herring. After
their activity is completed, the Eating Fish Actiuity
is suggested as an integral component of preparing
a seafood fish feast.

Eating Fish
Discuss what "trash fish" means to New England
people. Hoar can these fish be used as a source of
protein?

Many fish that are sold on market today were once
considered trash fish  fish which are not commonly
thaught as edible!. An example is the dogfish
shark, This is often considered a pest to many
fishermen. Today though, as much as 10,000
pounds of dogfish are caught by one Portland
fisherman and sold on the European market.

Another example is the American Eel. The adults
and elvers  very young! are collected by pots and
nets along the Penobscot River. They are sold in
New York and on the European market.

Have the students research various types of fish,
especially unusual ones. Put on a seafood feast
with such items as skate, dogfish, American eel,
cusk, etc, Some of these fish may be donated by
contacting fish packing plants around the state,
The nutritional value of fish could also be dis-
cussed, Have students compare fish to red meats.
A tentative fish feast is provided, but feel free to be
imaginative.

A few recipes are included for your use. They may
be found in the resource section. Try using these
recipes in your seafood feast. See what seafood
recipes the students are able to find.

A Tenahue Fish Feast

Appetizer � Sardines and mustard

Chowder � Fish chowder with cod, haddock, eel,
pollock and dogfish

Salad � Fish salad with poached cod and flounder
chunks

Rice � Flounder tidbits on boiled rice with egg sauce
Entree � Deep fried haddock chunks

Deep fried eel chunks

Fried pollock filets with crabmeat stuffing
Sauteed dogfish marinated in lemon juice

Beuerage � Include milk as a drink
Dessert � Irish moss pudding for desert

Methods of Cooking

Baking � the prepared fish is cooked for 20-25
minutes in an oven at 350' F �77' C!.

Broiling � the prepared fish is cooked for 10-20
minutes in a broiler.

Pan frying � the prepared fish is cooked in a pan for
approximately 10 minutes over moderate heat.

Poaching � the prepared fish is cooked in boiling
water which is allowed to cool from boiling to simmer
after brought to a boil with the fish in the water,

The above are only cooking methods. There are
numerous recipes and ways to prepare the fish for
the basic cooking methods listed. If you allow 10
minutes for each inch or 2.5 centimeters of thick-
ness you shall obtain good results.

Fish Packing
A visit to a sardine packing plant will provide an
excellent way for the students to grasp the
concepts of fish packing. This is a field activity and
planninq and coordination are essential. If you have
not planned a field trip before, reference to the
section Pre-Trip-Planninq in the unit Have You
Been fo the Shore Before? will be most helpful.

A cannery is a factory where fresh fish are
processed. The processing consists of preparing
the fish and then putting the fish in cans which are
hermetically sealed  airtight!. The fish can then be
shipped without the danger of spoilage. Eastport
was the first cannery town in Maine and America.

Freezing is another means of preserving fish, Until
the invention of refrigeration, preservinq fish was
difficult. Fresh fish did not last long. Ice helped
preserve fish, but only refrigeration could preserve
fish, and only for a few months. The processing
plants use cleaned and prepared fish in different
stages of preparation for freezing. Fresh-cleaned
fish may be frozen or fish may be processed
further by breading the fish portions for freezinq.
There should be plenty of examples at your local
supermarket.

The reference section provides some places you
may wish to visit. If they are not convenient for
your class, there may be another plant near you to
contact.
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Materials:

Fish Behavior

Materials:
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What Is A Fishy
Fish Shapes  Invent a Fish!

Modeling clay, paper rnache, wire, string, yarn,
balloons, construction paper, and other scrounge-
able items.

Have the students invent a fish, Once they pick the
fish they wish to make, the students will use their
imagination and any scroungeable materials to
make a inodel of the fish. The following is a list of
types of fish shapes they may try, Whether the
students use paper or clay, the principle is one of
creativity and design.

~ Invent a fish adapted  designed! for living on the
bottom in sand or mud. It should be able to hide
by burrowing under the sand or mud surface.

~ Invent a fish whose appearance is so gruesome
that other fish would be frightened and repulsed.
The fish must be grotesque, yet able to swim and
live on the ocean bottom.

~ Invent a fish that can swim very fast. The fish
would live in the water column eating small
organisms in the water,

~ Invent a fish that would eat other fish. Remember
the fish must catch the fish before it can eat it.

~ Invent a fish that would live between rocks or on
a reef, The fish would eat whatever it could catch
and would need to be able to move around rock
crevices.

~ Invent a fish that would eat clams or other organisms
that live in shells.

~ Invent a fish that would escape capture by
jumping and gliding over the water's surface.

~ Invent a fish that lives in very deep water and must
withstand great pressures. This fish would also eat
other fish and not have any light to see by.

Once the students have invented their fish, see if
they can find an example of the fish using books
and magazines. Have the students compare their
fish to the fish they found to see what differences
there are. Do not worry if the students can not find
a fish to exactly fit their ideas. Rernernber, this
activity is invention and creation.

The actual cards displaying the designs will be
found in the pocket section.

Fish behavior is a series of mini activities which
need not be done in any given order.

Fish tank �-10 gallons!, gold fish, mumrnichog,
stickleback or any other small bony fish with a
swim bladder, two small cages made of plastic

which would allow water to freely circulate but not
allow fish to escape, lead shots, toy boat motor
with propellor, hand nets, hip boots, small aerator
pump and sea water

A, The idea of this investigation is to see the
changes of fish's bouyancy through time. If one
fish is kept in the upper surface waters of the
aquarium and another is subjected to the bottom
� changes of bouyancy should be noted, The
bottom fish will have positive bouyancy and the
surface fish will be slightly negative when first let
out of their cages. This activity may be produc.
tive as a student project,

1, Have them modify the small cages so that they
will allow some movement of the fish, yet
confine them within a few inches in depth.

2. Secure one cage near the surface and put in
another lead shot to hold the second cage on
bottom.

3, Leave these overnight and allow the fish to
escape in the morning, while observing their
ac tivity.

4. Have them discuss what is meant by positive
and negative bouyancy.

H. The next part of the activity is rheotaxis or
fish alignment with currents, Use a small toy boat
motor with propeller. Place this in a 10 gallon
aquarium with small fish as sticklebacks, murnrni-
chogs, or other fresh water species, Turn the
motor on and observe the fish alignment and
swimming behavior. The fish will orient thern-
selves with the current and use their adapted fins
to swim against it. This activity enables one to
study which fins are best adapted for swimming
behavior.

I, Discuss what the students think would be the
reaction of other fish species when placed
under the same conditions.

C. Fish also behave differently with respect to
mating behavior. The Lurnpfish  Cyclopterus
lumpus! and the 3 spine stickleback
 Gasterosteus acuIeatus! exhibit similar terri-
torial behaviors especially during their mating
season. The male lumpfish develops a flaming-red
abdomen during mating season, compared to the
slate-grev female. After spawning, the male kicks
the female out of the nesting site and guards, as
well as aerates, the eggs by sweeping them with
his fins. Any intruders, including divers, are
greeted with an aggressive bump from this
strange looking fish. During this whole behavior
the lurnpfish fasts until the eggs hatch, The male
stickleback manifests similar behavior and is well
documented in psychology readings, See Fishes
of the Gulf of Maine  see bibliography for addi-
tional information!.
1. Have students find examples of other terri-

torial behavior as in sharks, small mouth bass,
wolfish, etc,



2. Have the students set up sticklebacks in a
fresh water or salt water aquarium.
Even during non-mating seasons, the fish will
set up territories in-the-water-column. They
perform this by holding their tails at right
angles to one another. Set up two separate
tanks and let the fish establish territories.
Introduce a fish from the opposite tank, Try
placing a stickleback in a small jar with
aquarium water  small airpocket for oxygen!.
Place the jar with the fish in the other tank.

1. What is the response from the other fish?
2. Discuss the senses of fish and the observed

phenomenon.

D, A final part of fish behavior is adaptation to
changing salinities, Have the students perform
this activity with sticklebacks which may be
obtained from local clam flats where there is
prominent amounts of eelgrass  Zostera!. Small
hand nets or seins will enable students to collect
these forms at mid-tide in the fall and spring of
the year. Snug fitting hipboots are also needed
for walking on the mudflats.

After collecting these fish, place them in some
salt water aquaria. Aerate the water with a small
pump, These fish are extremely hardy and will
withstand gradual changes of temperature, Have
the students dilute the sea water by 90%, 75%,
50%, 25% and finally have a separate container
of fresh water. Try placing a few sticklebacks
through these solutions over a period of a week
 allow at least one day's time for each solution!.
At the end of the investigation have students
hypothesize how the fish are able to do this.

Odd Fish

Many fish that inhabit our oceans have interesting
peculiarities such as unusual skin structures, fleshy
appendages, luminescent lanterns over their
bodies, strange walking legs  modified pelvic fins!,
etc, Have students bring in pictures and describe
these strange modifications. Perhaps actual speci-
mens may be available from a local zoological
exhibit such as the one at the University of Maine.
Use what sources you have available, such as
encyclopedias, picturebooks, and magazines.
Have each student research a survival factor.
Examples include; distruptive coloration, camou-
flage, mimicry, school behavior, countershading,
speed, hiding ability, spines, teeth, size of body,
aggressive behavior, etc. A mural of examples of
survival factors could also be developed,

Migrating Fish
There are certain fish that move regularly between
salt and fresh water. With this mobility, these fish
must overcome certain chemical barriers. Living in
the watery environment, a fish must keep an equili-
brium of the salts in its blood and body fluids and

those which may or may not be in the surrounding
environment. A salt water fish has less salt content
in its body fluids than the surrounding sea water. A
fish's body uses water to dilute the higher salt
concentration on the outside. Thus, the marine fish
must contend with the loss of water from its body
tissues and blood. It must constantly gulp water to
keep from shrinking up. The freshwater fish has
the opposite problem. Water constantly moves into
the body so the fish must excrete the excess
water.

Freshwater fish may be divided mto two groups:
I! those that spend their entire lives in fresh water
and 2! those that spend part of their lives in the
sea. Those fish that feed and grow in fresh water,
but return to the sea to breed, are called catadro-
mous, These include the Common Eel  Arrguifla
rostrata!, the stickleback  G. acuteatusf and
others. Those fish that feed and grow in the sea
and ascend the rivers at regular intervals to spawn
are termed anadromous. Such examples are the
Sturgeon  Aciperiser!, which spends time in the
Kennebec River, the Atlantic Salmon  Safmo!,
Shad  Alosa!, and others.

Many fish undergo a metamorphosis  change of
form! from the young larval stages to the adult.
This is not unlike insects or crustaceans such as
lobsters and crabs. Such fish examples of
metamorphosis include the flatfish  winter flounder,
plaice, halibut, etc.!, the giant oceangoing sunfish
 MoIa mofa! which is often seen on the surface
waters along the Gulf of Maine, and the semi-
tropical fish called the tookdown. There are many
examples of changing body forms with fish. Have
your students research them and report these to the
rest of the class,

Food Webs

Obtain the film, Life in the Sea, from the UMO film
library and show it to your students. Tell the
students to watch carefully for relationships they
can find about the food habits of different
organisms. Discuss the pyramid structure of food
webs with producers at the bottom making food
from sunlight and nutrients. Notice how there are
more producers at the bottom which is necessary
since energy is lost by the transference involved by
consumers eating the lower level organisms. The
relationship is generally IO grams of producer
necessary for each gram of the consumer. Each
level you go up requires IO times the lower level
weight to become I gram body weight of that
consumer level. Use examples from the film.

You might have the students discuss the following:
1. Give some examples of primary producers,
2. Detritus is decaying organic matter on the sea

bottom. What organisms would consume
detritus?
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have their own cement called mucus. The paper
that the scale is on should be labeled with the
following information: type of species, weight,
length, place, sex, time and method of capture and
name of the collector. Another useful means of
examining the scales is by placing them between
two layers of thin clear plastic and mounting them
in a 35 millimeter slide blank. The magnification of
the scales is accomplished through projecting them
with an ordinary 35 millimeter slide projector. This
method facilitates storing and cataloging and can
be done by the whole class at once. Scales mav
also be examined under the stereoscope at 20-40X,
Detailed examinations of parts of the scales may
also be of interest. A compound microscope with
50-100X objectives would be of some use especially
for smaller scales if large ones are not available.

Fish Growth and Scale Size Relationship

Focus � the small, clear area near the center of
the scale which represents the original scale of the
young fish.

Ctenoid Scale � the scale of a bonyfish  teleost!
which possesses small sharp spines  ctenii!.
Cycloid Scale � the scale of a bonyfish without
spines  ctenii!.

There are variations of these scales. The spines of
ctenii and the position of focus varies with each
species of fish.

The annulus is recognized in one of the following
ways: 1! "crossing over" where the onset of fall or
winter causes several ridges or circuli to flare out-
ward and end on the side of the scale, rather than
circle the focus; 2! "discontinuous circuli" where
the individual circuli do not grow together in a
complete line because the scale stops growing and
3! extreme crowding of the circuli which occurs,
first, prior to resumption of growth.

Materials:

Procedure:

nual nngs

22

Scales from a large number of different species of
fish would serve to show the variety of size and the
difficulty of analysis of age. Start out with some of
the easier specimens first, such as herring or
haddock. A comparison of bonyfish scales to the
scales of sharks would also be of some interest.
The scales are more primitive in type in these
animals. These are called placoid sales. Other
types of scales include those of the Gar and the
Atlantic Sturgeon. They are termed ganoid scales,
Example diagrams of scales will be found in the
pocket.

Age and Growth

ln order to determine the age of fish by studying
the scale structure, several terms should be
explained:

Annulus � the annual mark or zone on fish scales
which is formed once a year.

Purpose:

To determine the age of a bonyfish by examination
of its scales.

Hand lens or dissecting microscope, compound
microscope slides, various species of tish or scales
provided by teacher metric ruler, projector-
microprojector or slide projector, and plastic
sheeting and empty slide  if demonstrations are
desired!,

Remove a scale from several areas of each
specimen and determine if it is cycloid or ctenoid.
If the scale is ctenoid, remove further scales
around the area of the pectoral fin. Cycloid scales
should be taken from an area between the dorsal
fin and the lateral line. Remove 3 scales from the
indicated area from each specimen. Make a wet
mount of the scales or place them between two
glass slides for microscopic observation. Use both
a compound microscope and a stereoscope. Record
all observations.

Data Recording:

Make illustrations of the general features of the
scale noting: annuli, focus, circuli, ctenii  when
present!, Determine the distance between annufi
on the scale by the use of a metric ruler. To deter-
mine the age, each scale should be counted twice,
at different times to arrive at an accurate inter-
pretation. Count one year of growth for each
annulus,

Limitations and Sources of Error.

This could result in incorrect reading of scales.
Some fish show no definite annuli, Other errors
might result in the use of imperfect scale or scales
that have been rejuvenated. Errors in age



A. Body Structure

Internal Anatomy:
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determination increase with the age of the fish and
errors made in determining the location of the first
annulus.

Shark Dissection
The ctogfish  Squalus! is a good example to study
in the lab, Diagrams are found in the pocket.
External Anatomy.

Fresh or preserved specimens should be used to
study the shark. Refer to the shark dissection
diagram for the features as you complete these
exercises.

1, Study the jaw structure and teeth of the
specimen. What type of diet do you think the
dogfish has? The size and shape of teeth vary
siqnificantly among sharks, Compare the tooth
structure of the dogfish to those of people,
Unlike man who has permanent teeth, shark's
teeth are continually replaced. They are not
anchored in the jaw bone but grown in its skin,
They move steadily forward as they increase in
size. How do the shape of the dogfish compare
to the dentacles  placoid scales! covering the
outer skin of the body?  lf a specimen is avail-
able, remove a small piece of skin and view it
under the microscope.!

2, You might have the students discuss the
following: Noting the spiracle on the shark,
compare this with the qill opening of a fish.
Count how many gill openings this shark has.
Do all sharks have the same number of gill
openings? Where does the spiracle lead, what
function does it serve, and from what structure
do you think the spiracle has evolved?

3. Have your students study the eyes of the
shark. Have them notice that there are no
lachrymal glands or ducts developed at the
margins of the eve like in humans. Ask why
this is not necessary? Sharks have a third eye-
lid known as the nictitating membrane at the
front corner of the eye. Have your students
locate this and inform them that this can be
pulled down to cover the whole surface, and
ask what use this serves? Make a list ot other
animals that have this structure. The general
structure of the eye is not unlike our own. It
contains the lens, iris, cornea, retina, etc. that
are found in land forms. Have your students
find some of these structures. Notice the
cornea is somewhat flatter than our own,
Scientists once believed that sharks were
extremely nearsighted but further investiga-
tions have demonstrated the shark to have
excellent eyesight.

4. The shark's sense of smell is also well deve-
loped. The shark's brain is small, but its
smelling area, the olfactory bulbs, give the

shark one of the most sensitive noses of all
fish, lt is well known that the smell of flesh or
blood, or of a decaying carcass will attract
sharks from great distances. When both
nostrils of a dogfish are pluqged, the shark
loses its power to find food. When one nostril
is blocked, the animal keeps turning toward
the side that is getting the strongest scent. The
fish tracks its food by comparison between the
responses of the twa sacs. Study the nostrils of
both the shark and !he skate, Where are thev
located? Do the placement of these suggest
anythinq about their feeding behavior? Do the
nostrils lead to the inside of the inouth cavity?

5. Note the two dorsal fins of the dogfish. The
upturned  heterocercal! caudal fin and the two
sets of paired fins. The front pair  anterior! are
called pectoral fins and the back  posterior! are
termed pelvic fins, The two dorsal fins are
preceded by spines. These sometimes inflict a
painful puncture wound for those fishermen
that handle these fish carelessly. Have your
students suggest some relationships between
the presence of well developed fins and the
existence of paired-biting jaws.

6 Sharks have a third sense which they usually
use first in homing-in on their prey. The system
is called the lateral line which extends along
the sides of the body and divides into several
branches over the head, The system is like
inborn radar. Sensory cells located in this
intricate canal beneath the skin are sensitive to
water movements and underwater sounds�
especially those af low frequency. Note the
abundant pores around the head and beneath
the snout. These are called ampullae of
lorenzi. Squeezing these pores results in the
exuding of a jelly-like material. Cutting a small
section of skin around one of these pores and
examining the underneath surface reveals an
expanded ampulla. Can your students suggest
why the lateral-tine sensory structures are con-
centrated around the head? Why might the
lateral-line system be more effective than ears
for sensory detection?

7. Sharks and their kin have internal fertilization.
Ask your students how this compares with
most other fish. Males have claspers located by
their pelvic fins. These aid in copulation, How
is the sperm transferred to the fernale?

View a dissected specimen or open the coelornic
cavity on an unprepared specimen. Examine the
internal organs and compare the structures to the
diagrams.

B. Internal Organs

l. Examine the large liver lobes. During World
War II sharks' liver was used as a source of
vitamin A and thousands of sharks were netted





Raven!. Fins are categorized as median or
paired.

2, The dorsal fins show much variation. They
may be continuous, or divided partially or
completely into separate parts. The dorsal fin
may also consist of either spines  soft or hard!
or rays or both, Spines appear to be trans-
parent, hard and sharp at the ends. Rays are
soft and appear segmented when held to the
light or under low power under the stereo-
scope. The rays may also branch out at the
end. Spines may further be found associated
with other structures such as the opercular
spines of the Sea Raven. What type of dorsal
fins do your specimens have? Some dorsal fins
fold down, as in the mackerel. This is to aid
the streamlining of a fish built for fast
swimming. Make a sketch of two different
types of dorsal fins, What advantage is there to
having spines or soft rays?

3. Other median fins include the tail  caudal fin!
and the anal fin  just behind the vent on the
lower side!. The trout or salmon-like forms
have a fatty adipose fin. Fins also may be
reduced to a few disconnected spines as in the
stickleback. If sticklebacks are alive and avail-
able in the aquarium, net one and try to pick it
up. How do the spines respond?

4. Pectoral fins may vary also. They may be
enlarged as in the sculpin, sea raven or flying
fish, or more regular in shape, as in the trout
and flounder.

5, Pelvic fins vary in shape and position. Their
support comes internally from the pelvic girdle,
Most soft-rayed fish have pelvics located
abdominally, as in salmon forms. They may be
located below the pectorals  see figure of
generalized fish! or they may be under the
throat  jugular!, as in the blennies, which use
these as support as they rest on the bottom,
Some pelvics are modified, as in the shark and
skate, to form claspers used in reproduction,
The lurnpsucker has modified pelvics which
form a holdfast organ that looks like a suction
cup on the belly. Observe these on an avail-
able specimen. Where are the pelvics on your
fish? What function do you suppose they form?

6, Observe the caudal fins of several demonstra-
tion specimens, Is there a relation between the
type of tail fin and habit of fish  for example:
the tail of a mackerel is forked and thin!?
Compare a mackerel tail fin and that of a
cunner, mummichog, or perch. Select at least
three types of tail fins and draw them.

7. On some fish such as the mackerel, there are
finlets near the tait or a lateral keel  found also
in sharks!, as in the tuna. What do you think
the function of the lateral keel is?

As a follow up to the study of fin patterns, observe
some sticklebacks in a 10 gallon aquarium, Study
the 3 spined stickleback  Gasterosteus aculeatus!
which is well described in the Fishes of the Gulf of
Maine, The kind of life carried on by a fish is
expressed not only in the form and flextures of its
body, but also in the patterns and motions of its
fins. For example, watch the nest building stickle-
back. Pectoral fins are used in braking motion as
its other fins are unsuited for grasping. Therefore,
the fish must use its jaws to build the nest. This
activity requires a long and varied series of
regulated movements of the body. What allows this
precise motion is the lively and adaptable motions
of an array of flexible fins,

A second activity that could be done is to study
the variation in body form among fish and find fish
in the lab that would fit each category. Compare
their fin structure and body form and make a hypo-
thesis of their behavior and habits. A check with
the checklist will be helpful.  Hint: To aid identifi-
cation of form, make silhouettes with the use of an
overhead projector or slide projector as a light
source.!

Internal Anatomy:

Take a modern representative of a bony fish, such
as a perch, cunner, sea bass, rock bass, etc. and
carefully cut the left side. belly area to expose the
internal organs of the fish, The picture will help in
identification of structures.

A. Gill Structure

1. Take the gill cover  operculum! off the left side
of the fish and observe the gills. If<he
specimen is fresh, note the red color produced
by blood capillaries. Sketch the gill structure. If
possible, study the gill structures of a herring.
Hypothesize its eating habits. How does the
fish obtain its food?

B. Internal Organs

I. Identifv the major internal organs. Make a
diagram showing the route of the blood from
the heart  two chainbered! to the gills.

2, What is the color of the lininq of the digestive
cavity? This lining is called the peritoneum. If it
is white, the fish is generally a carnivore. Black
indicates a herbivore,

3. Observe the swim bladder which is found
under the vertebral column and kidneys. Note
that it connects to the esophagus. This
flotation device is unique among the bony fish
and very important for maintaining bouvancy.
How does this compare to a shark?

Depending upon the fish, the swim bladder
may be used to breathe air.

4. Study the digestive tract, Make an incision
through the small intestines and a small cross-
section. How does the internal surface area
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compare to that of a shark's intestine?  Note
the spiral valve in the shark,!

5. Count the number of body openings for
expelling body wastes. How does this compare
to the shark?

Fishes on the key

Keying Out Fish
A fish key is a series of questions or statements
that may be asked about the characteristics of a
fish. lf you do not know the scientific name  genus
and species! of a fish, you observe the fish and
answer the questions in the key to find the scientific
name. At the end of each question that pertains to
your particular fish is a number directing you to
the next question. When you have answered
enough questions, you eventually find, not a
number, but the scientific name of your fish.
Choose a fish and carefully answer each question
proceeding through the key. if a question is
answered incorrectly you will not obtain the
correct scientific name.

smelt

haddock

eel

flounder

The hammerhead shark is taken through the key
as an example of "Keying out a fish." A key is
provided in the pocket and the key may be copied
and handed out to your class.

ocean sunfish
6

bake

hammerhead sharkAnswer Guide

8
wolffisb

Fish Key

Sample key/or
Homme rh aud Sh ark

I a Does the bsh have a body l>ke a snakes 2
b Does the lrh no> have a body l>ke o snsk<.'> 3

2 a. Does the lish have o beaklike mouth? American Eel
b Does Ihe fish no> hove o beakkke mouth? Lampreys and Hagfish

3 a Does the fish have eyes on ihe same s>de and a flattened body'> 4
b Does rbe fish not have eyes on >he same s>de and no flattened bodyo 5

4. a. Does Ihe f>sh bove a forked toie Halibut
b Does the f>sh not have a forked toip Flounder

3 a. Does The fish have placoxl scafeso 6
b Does the f>sh have scales other than placo>do 7

6. a Does the fish have a pcinted head? Oog lsh shark
b Does the f>sh not have a po>nted head? Hammerhead Shark

7. a Is >he Ash body full moon shaped with o little caudal fiino Ocean sunfish
hn? 8

b. Is the  ish body not distinrtly moon shaped and hos a highly v>sible la d Iusa ig y v>si arger cau a

 no!
 yes! lamprey

 noj
 yes

mackerel

 yes!
fi>0!
 nn!
  yes!

alewife

8 e Is >he f>sh club shaped lik» a baseball bat? Wol F>sh
b Is the lish body not club shaped bke a baseball bats 9

9 o Is there ev>dence of a chin bathe>o I 0
b Ones the hsh have no chin herbe so 13

IO a Is the caudal f>n not noirhed or only slightly  >ust barely! notche>F> il
b Is the toil dec>ded y notched?

11 a Does the fish have three chstinci dorsal fins  top s>de!? Cod
b Does >he bsh have two distmct dorsal f>nso Hake

12 a Does the lower iaw extentl beyond the upper iawo American po k>ck
b Does the lower jaw not exterxl beyond the upper iaw? Haddock

13 a. Does the hsh have hnlets smal! fin bke growth between >airand dorsal and anal
in!o 14

b Does the lish not have fmletso >5
14 a Are the dmsal fins d>st>nctly separa>ed? hlackerel

b Are the dorsal f>ns not separated d>s>inctly? 1'una
IS a Does the fish have a small ad>pose hn  small fleshy fin he>ween >he caudal ond

dorsal hnl'? Smelt
b Does the  oh no> have a small ad>pose fino Alewife

halibut

American pollock

tuna

16

spiny dogfish
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D. Is Our Food Future In The Sea?
This unit has a section on finfish farming and is
excellent for integrating finfish into the overall
picture of food from the sea.

E. Marine Education Materials Service at the
Virginia Institute of Marine Science
GIoucester Point, Virginia 23062

This is another source of useful marine education
materials. If you are interested in a specific topic
you may call for a computer search which will
provide you with the appropriate materials available
in MEMS. You may then view the microfiche
materials on the MEMS microfiche viewer at the
UMO Marine Science Education Department in
Shibles Hall, or for a nominal fee have the micro-
fiche duplicated for your use.

MEMS Topics:
Included here are a feat of the GEMS tru'crofiche topics
available.

When ordering MENS microfiche include the
MEMS number.
MEMS¹000106 1977 Schuman,S.MakeYour
Own Fish Trophy.
This article is a good reference for several
trophy making techniques.

MENS¹ 001068 1979 by AFTM Sport Fishing
Educational Foundation. Leaders Guide For
Organizing Sport Fishing Group Actittities-
Youth Fishing.
An excellent reference and guide for
encouraging fishing activity.

MENS¹ 001070 1979 by AFTM Sport Fishing
Educational Foundation, Fishing Fundamentals
for Beginning Anglers � Student's Edition.
An excellent reference for fishing basics.

MEMS¹ 001047 1973 by unknown author
First Aid for Fishermen,
This resource is excellent for information
concerning what to do when the occasional
accident occurs,

F. Anderson, Gary, and Bromer, Ann.
Salar. The Story of the Atlantic
Salmon
100 Park Avenue
New York, NY 10017'
A source for integrating salmon into the curri-
culum. This unit is complete in presenting the
many aspects of this fish. History, fishing, and the
life of the salmon are among the topics given.

National Agencies
United States Department of the Interior
Fish and Wildlife Service
One Gateway Center
Newton Corner, Massachusetts 02158
This organization can be an invaluable resource.

They offer a wide variety of published information
on the Nation's fish and wildlife resources.

National Marine Fisheries Service
Post Office Box 1188
Gloucester, Massachusetts 01930
This organization is a branch of the National
Oceanic and Atmospheric Administration. They
conduct various programs of management,
research and services related to marine resources.

Regional Fishery Management Councils
New England Council � Suntaug Office Park
5 Broadway, Route 1
Saugus, Massachusetts 01906

State Agencies
New Hampshire Department of Fish and Game
Education Division
Bridge Street
Concord, New Hampshire 03301
Telephone: �03! 271~21
The department can provide printed material for
teachers. Write or call for details.

University of New Hampshire
Maine Advisory Service
Marine Prograni Building
Durham, New Hanipshire 03824
Telephone: �03! 862-1889
Extensive special services include outreach
programs in the schools, a speaker's bureau, and
marine resource workshops.

State of Maine Department of Inland Fisheries
and Wildlife

284 State Street
Augusta, Maine 04333
Telephone: �07! 289-2871
The department can provide a variety of materials
prepared for the genera! public and also appro-
priate for your students' level. The departinent's
magazine, Maine Fish and Wildlife, is very highly
recommended.

State of Maine Department of Marine Resources
State House Station 21
Augusta, Maine 04333
Telephone: �07! 289-2291
The DMR provides many valuable services to
classroom teachers, including numerous publica-
tions, study projects by students, and assistance in
setting up programs and planning curriculum.

University of Maine Sea Grant Marine Advisory
Program

Sea Grant Office
Coburn HaII
Orono, Maine 04469
Telephone: �07! 581-2666
Sea Grant has many research and commercial
fishing publications available. One resource we
highly recommend for your age group is Marine
Fisheries of Maine, a series of six color illustra-
tions with cassette tapes.





B.H. Wilson Fisheries
Batterv Street
Eastport, Maine 04631

Bibliography
Scientific

Sid's Incorporated
Jonesport, Maine 04649

Villanova Incorporated
30 Tilson Wharf
Rockland, Maine 04841

30

Port Clyde Foods Incorporated
366 Route 1
Falmouth, Maine 04105

Port Clyde Foods Incorporated
Post Office Box K
Eastpori, Maine 04631

Port Clyde Foods Incorporated
Stanington, Maine 04681

Portland Fish Company Incorporated
Custom House Wharf
Portland, Maine 04104

C.H. Rich Company Incorporated
Bass Harbor, Maine 04653

Royal River Packing Company
Yarrnouth, Maine 04096

Saltwater Farm Incorporated
Varrell Lane
York Harbor, Maine 03911

Scandia Seafood Company Incorporated
102 Pleasant Street
Brunswick, Maine 04011

Scandia Seafood Company Incorporated
Bailey Island, Maine 04003

Scandia Seafood Company Incorporated
Georgetown, Maine 04530

Seafood Products Incorporated
Port Clyde, Maine 04855

Sebasco Wharf Incorporated
Sebasco Estates, Maine 04565

Stinson Canning Company
Prospect Harbor, Maine 04669

Stinson Canning Company
Water Street
Belfast, Maine 04915

Stinson Canning Company
Prospect Harbor
Gouldsboro, Maine 04669

Stinson Canning Company
Main Street
Southwest Harbor, Maine 04679

Stinson Canning Company
Bowery Street
Bath, Maine 04530

Willard Paggett Fish Company
15 Central Wharf
Portland, Maine 04111

Jasper Wyman and Son
Milbridge, Maine 04658

Allyn, Rube. A DictiorIary of Fishes. St. Petersburg,
Florida: Great Outdoors Publishing Company, 1967,
A highly illustrated general look at some of the more
common types of fish.

Bigelow, Henry B., and Schroder, William C. F'rshes
of The Gulf of Maine. Washington, DC: United
States Government Printing Office, 1953, 577. This
book may be ordered through the University of
Maine, Orono Bookstore.
A good complete reference for marine fish of the
Maine Gulf, even though the book is slightly dated.

Herald, Earl S. Fishes of North America. New
York: Doubleday 8r Company, Inc., 1972.
A brief, but informative glance at North American
fish. A very readable volume that should be in the
collection of anyone interested in studying fish.

Lee, David S. et al. Atlas of North American
Freshauater Fishes, Raleigh, North Carolina: N,C.
State Museum of Natural History, 1980.
A thorough, up-to-".~te account of North American
freshwater fish. Extremely accurate details con-
cerning characteristics and habitat.

Lindberg, G.U. Fishes of the World. New York:
John Wiley k Sons, 1974.
This text is fairly technical, yet would be a good
reference source due to its abundance of data. Very
complete and well-organized.

Maine Department of Sea and Shore Fisheries,
Harvesters of the Seat The Story of hfaine's
Commercial Fisheries,
A concise book of the industry and its history.

Muus, Bent J, Collins Guide to the Sea Fishes of
Britain and North-Western Europe, London:
Collins, 1974,
A richly-illustrated handbook providing brief and
understandable introductions to the structure,
habits, distribution, and economic importance of
the fish of the Northeast Atlantic Ocean.

Stubbs, Lorraine L, The Atlantic Herring
Clupea Harengus. Department of Marine
Resources, Augusta, Maine, 1979.
A good educational unit for herring. It could be
valuable for studying this fish.

Wheeler, AIwyne. Fishes of the World, New
York: MacMillan Publishing Co., lnc., 1975.
Superbly illustrated, non-technical work consisting
af brief descriptions of the world's fish. Could be
helpful as a general resource.



Home EcOnomics

Maine Department of Marine Resources. Buyers
Guide for Maine Seafoods.
This book is available from D.M.R. and shows the
economic importance of several key species of fish
and the marine organisms,

New England Marine Advisory Service. The
Seafood Sourcebook. A Sea Grant Program
Summer, 1978.
For $1.00, single copies are available from the
State's Sea Grant Office at the University of
Maine, Orono, or NOAA Marine Advisory Service
National Sea Grant Program, 3300 White Haven
Street, N.W., Washington, DC 20235,

Planet Ocean. The Dogfish Cookbook, The
International Oceanographic Foundation, 3979
Rickenbacker Courseway, Virginia Key, Miaini,
F orida 33149.
This book is humorous as well as good for tasty
recipes.

The Virginia Polytechnic Institute and State Univer-
sity Sea Grant Programs. Seafood Products: An
Instructional Guide for Home Economics
Programs.
This guide is available for viewing at the Resource
Center at the Northern New England Marine
Education Project at University of Maine at Orono,
Science Department, Shibles Hall, or Sea Grant
Extension Division, Virginia Polytechnic Institute
and State University of Blacksburg, Virginia 24061.

Children's Literature

Carrick, Carol. Sand Tiger Shark, New York:
The Seabury Press, 1977.
This book provides a superb account of the life
cycle of the Sand Tiger Shark.

Darby, Gene. What Is A Fish? Chicago; Benefic
Press, 1958.
The 48 page book is excellent for young students
and helps them understand what a fish is. Available
from University of Maine at Orono Learning
Center, University of Maine at Orono Library,
Orono, Maine.

Fife, Dale. Fish in the Castle. New York:
Coward-McCann, Inc,, 1965.
This book would be useful for a literature web. It
tells the story of a boy and the grunion run.
O' Neill, Mary. The i%hite Palace. New York:
Thomas Y. Crowell Company, 1966.
This book would be good for a literature web. The
story concerns the life of salmon.

easily corrected, is to tell the students that "cold
blooded" is property referred to as exothermic.
Available from University of Maine at Orono. Film
Rental I ibrary, Shibles Hall, University of Maine at
Orono, Orono, Maine 04469. Telephone: �07! 581-
7541.

Life in the Sea
A film extremely useful for showing the inter-
relationships of fish and their environment in the
multitude of food chains, Mav be available from
University of Maine at Orono, ISC, Film Rental
Library, Shibles Hall, University of Maine at Orono,
Orono, Maine 04469. Telephone: �07! 581-7541.
Fishes of the Gulf
This slide show is excellent for showing fish from
the Gulf of Maine. Available from D.M.R. State
House, Station 21, Augusta, Maine, Contact
Lorraine Stubbs.

Fence in the Water
A 44 minute film about Maine weir fishing, A good
multidisciplinary film about fishing off the coast of
Maine. Contact Peg Dice, Bodacious Films, 2022 Dat
Street, Ann Arbor, Michigan 48104, The rental fee is
$48.

Marine Fisheries of Maine
Filmstrip. A good filmstrip series relevent to fish,
with gill netting, seining, trawling, and some weir
fishing techniques displayed. Available from
NNEMEP, Orono, Maine, University of Maine at
Orono, Shibles Hall or University of Maine at Orono
Librarv Learning Center. The filmstrip may be
purchased from Sea Grant Marine Advisory
Program, 30 Coburn Hall, University of Maine at
Orono, Orono, Maine 04469. Telephorte: �07! 581-
2719, The cost is $48, which will be billed to you.
Send no money initially.

Annotated Filmography
Fish and Ther'r Characteristics
This film is good for basic anatomy and differen-
tiating a fish from other organisms. One drawback,
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Nor~rn New Bsghnd Marhm Bhacatioa Proiect

The objective of NNEMKP is to encourage and support
marine education among the teachers of Northern New
E~land so that their students will appreciate the
importance of water in their lives and in the Ide of the
planet. The project has received support from the
College of Education of the University of Maine at
Orono, the National Science Foundation, and the Maine-
New Hampshire Sea Grant Program.

K6 Shib4e Hall
College of Education
University of Maine
Orono, Maine 04469
207/581-7027
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Scale T pes and Growth Rings
annual

ring
cteni

annual
ring radii

Ctenoid Scale
 from striped bass!

Cycloid Scale
ffrom cod!

Bony Fish Dissection Diagram

4 7

10

6

1. Gill rakers
2. Gill filaments
3. Heart

4. Liver

5. Swim bladder

6. Pelvic fin

7, Intestine

8. Gonad
9. Urinary bladder
10, Anal fin

J

!! ! ! !!J! !!~J
!J!

Il. Caudal fin

12. Soft  second!
dorsal fin

13. Spiny  firstj
dorsal fin
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These forms are passed out in classes at the very beginning ta fe l a little about the eating habits of students.

What Finfish Do You Eat?

Fish Purchasing
Table of Fish Products and Cents or Dollars



Cleaning and Dressing Fish
Materials:

Scaling knife  optional!, filleting knife, cutting board or surface, sink for cleaning,
garbage bags for "remains," tourels and of course, safety.

Dressing a whole fish for baking

Scaling � Wash the fish. Place the fish on a cutting board and with one
hand hold the fish firmly by the head, Holding a knife almost vertical,
scrape off the scales, starting at the tail and moving toward the head
 fig. 1!.

Cleaning � With a sharp knife cut the entire length of the belly from
the vent to the head. Remove the intestines. Next, cut around the

I fi d emove them  fig. 2!.

Head and Tail � Remove the head and pectoral fin by
cutting !ust back of the collarbone. lf the backbone is large, cut down to
it on each side of the fish  fig. 3!.

Then place the fish on the edge of the cutting board so that the head
hangs over and snap the backbone by bending the head down  fig. 4!.
Cut and discard any remaining flesh that holds the head to the body.
Cut off the tail.

Removing the Fins � Next remove the dorsal fin, the large fin at the
back of the fish, by cutting along each side of the fin  Fig. 5!. Then give
a quick puII forward toward the head and remove the Fin with the back
bones attached  Fig. 5!. Remove the ventral fin in the same way, Never
trim the fins off with shears or a knife because the root bones at the
base of the fins will be left in the fish. Wash the fish thoroughly in cokl
running water. The fish is now dressed or pan-dressed depending on its
size.



Steakmg a dressed ftsh

Cutting Steaks � Large size dressed tish may be cut crosswise into
steaks, about an inch thick  fig. 6!.

FiilettrtrJ a whole fish

With a sharp knife cut along the back of the fish from the
ad  fiig. 7!, Then cut down to the backbone just back of the

ife flat and cut the flesh away from the backbone and rib
!.

whole side of the fish or fillet in one piece  fig. 9!. Turn the
d cut the fillet from the other side.

kinning a Fiilet � If you wish, you may skin the fillet, Place the fillet
in side down, on a cutting board. Hold the tait end tightly with your

fingers and with a sharp knife cut down through the flesh to the skin
about $ inch from the end of the fillet. Flatten the knife against the skin
by slicing the knife forward while holding the tail end of the skin firmly
between your fingers  fig. 10!.



Fishing Methods
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Fish Key

Sample key for
Hammerhead Shark

 no!
 Ves!

1. a. Does the fish have a body hke a snake? 2
b. Does the fish not have a body like a snake? 3

2. a. Does the fish have a beaklike mouth? American Eel
b. Does the fish not have a beaklike mouth? Lampreys and Hagfish

3, a. Does the fish have eyes on the same side and a flattened body? 4
b. Does tbe fish not have eyes on the same side and no flattened body? 5

4. a. Does the fish have a forked tail? Halibut
b. Does the fish not have a forked tail? Flounder

 no!
 yes!

8. a. Is the fish club shaped like a baseball bat? Nolffish
b, Is the fish body not club shaped like a baseball bat? 9

9. a. Is there evidence of a chin barbel? 10
b. Does the fish have no chin barbels? 13

10.a. Is the caudal fin not notched or only slightly  just barely! notched? 11
b. Is the tail decidedly notched? 12

11. a. Does the fish have three distinct dorsal fins  top side!? Cod
b. Does the fish have two distinct dorsal fins? Hake

12. a. Does the lower jaw extend beyond the upper jaw? American poIIock
b. Does the lower jaw not extend beyond the upper jaw? Haddock

13. a. Does the fish have finiets  small fin like growth between tail and dorsal and anal
fin!? 14

b. Does the fish not have finlets? 15

14. a. Are the dorsal fins distinctly separated? Mackexel
b. Are the dorsal fins not separated distinctly? Tuna

15, a. Does the fish have a small adipose fin  small fleshy fin between the caudal and
dorsal fin!? Smelt

b. Does the fish not have a small adipose fin? Alewife

5. a. Does the fish have placoid scales? 6  yes!
b, Does the fish have scales other than placoid? 7  no!

6. a. Does the fish have a pointed head? Dogfish shark  no!
b, Does the fish not have a pointed head? Hammerhead Shark  yes!

7. a. Is the fish body full moon shaped with a little caudal fin? Ocean sunfish
b. Is the fish body not distinctly moon shaped and bas a highly visible larger caudal

fin? 8
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Key Out These Fish
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