
Culturing Shellfish 4 Sea Vegetables

KEY CONCEPTS

Shellfish and sea vegetables are iinportant aquaculture crops in the state of Maine. Shellfish that
are being cultured for commercia1 sale are soft-shelled clams, mussels and oysters. A relatively
new but extraordinarily successful aquaculture venture has been the culture of nori, a seaweed
used predominantjy in Asian cooking. In order to culture shellfish and sea vegetables, we must
have a working knowledge of the species anatomy, ecology, life cycle, and culturing technique.

LESSON OVERVIEW

Students will explore the culturing of shellfish and sea vegetables in Maine. A dissection of the
blue mussel will be conducted to examine the structural and functional attributes of a commonly
cultured bivalve mollusk, Students may conduct additional experiments with oysters, clains, and
mussels.

LEA1VGNG OBJECTIVES
After completing this chapter, the student will be able to:

~ Distinguish between shellfish and finfish.
~ List the shellfish species which are cultured in Maine,
~ Describe the process of culturing she1lfish.
~ Describe the process of culturing nori.
~ Label the internal and external anatomy of a clam and/or mussel.
~ Demonstrate dissection skills.

LEARNXNG RESULTS
MUSSEL DISSECTION

A. Classifying Life Forms. Students will understand that there are similarities within the diver-
sity of all living things.
2. Describe similarities and differences among organisms within each taxonomic level.

J. Inquiry and Problem Solving: Students will apply inquiry and problem solving approaches in
science and technology.
1, Make accurate observations using appropriate tools and units of measure.

K. Scientific Reasoning: Students will learn to formulate and justify ideas and to make informed
decisions.

3. Develop generalizations based on observations.

MATEMALS

Photocopies of the following student handouts: Culturing Shellfish and Sea Vegetables in Maine,
Mussel Dissection, and Mussel Diagrams; blue mussels and other biva1ves  live specimens and/or
shells for comparison!; saltwater solution; flexible knife; carmine powder; newspaper or table
covering material; disposable latex/rubber gloves.
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BACKGROVND

Shellfish, very simply, are all aquatic animals that contain some type of a shell. The three,
shellfish species which are cultured in Maine are the soft-shell clam  Mya arenaria!, the blue
mussel  Mytilus edulis! and the oyster  Crassostrea virgiaica!. These three species all belong to
the phylum Mollusca and to the class Bivalvia. The phylum Mollusca contains 100,000 different
species divided into several classes which include bivalves, snails, chitons, squids and octopi
Most rnollusks are marine, although there are a few terrestrial and freshwater mollusks. All mol
lusks have a foot and a visceral mass in common. The molluscan foot is used for crawling, swim-
ming, and burrowing. The visceral mass is the main part of the body where all the important
organs such as the heart, stomach, intestines, kidney, and gonads are found. All body systems
respiration, circulation, reproduction, digestion, and excretion � are located within the visceral
mass.

The class Bivalvia is so named because organisms included in it are completely enclosed
by a calcareous shell made of two halves  or valves!. The two shells are held tightly together by a
muscle called the adductor muscle. When this muscle is relaxed, the valves will stay opeil slightly;
when it contracts, the shell closes around the animal. The shell offers protection and serves as the
animal's external skeleton  exoskeleton!. Shell-building material is produced by the mantle which
lies between the body and the shell. The mantle secretes calcium carbonate and chemicals taken
up Rom the surrounding seawater. The molluscan shell grows as the mollusk grows and stays with
it for its whole life.

Most bivalves are filter feeders or suspension feeders, which means they strain tiny par-
ticles of food  usually phytoplankton! from the surrounding water,



STUDENT HANDOUT
Culturing Shellfish and Sea Vegetables in Maine

Molluscan Aquaculture in Maine

In the 1970s, companies in Blue Hill and on the Damariscotta River pioneered oyster
aquaculture in Maine, using rafts to culture European oysters  Ostrea edulis!. Hatchery-produced
seed oysters were reared to market size in Japanese lantern nets, stacked trays, or floating trays
suspended in the water. Suspension culture, in which oysters or mussels are grown off the bottom,
in floating trays and on ropes, is a labor-intensive form of cultivation that requires continuous
tending and cleaning of both gear and shellfish. On the U.S, East Coast, bottom culture is the
preferred method of farming oysters and mussels now. Similar to conventional crop farming on
land, bottom culture involves selecting areas of the sea floor that provide a natural food supply,
necessary currents, minimum exposure to predators, and proper temperature and then "seeding"
the bottom with shellfish stock that are left to grow to market size. Then they are harvested with a
bottom drag from a boat. Both suspension culture and bottom culture depend on natural food
supplies for growing the shellfish being raised.

Today, most east coast oyster farms grow American oysters  Crassostrea virginica!, Hatch-
ery-produced seed is reared until it is 25 to 37 millimeters  mm! long in floating tray nurseries that
cover an acre or more of water. Before winter, oysters are set out on the ocean bottom at leased
sites protected from heavy weather. With this system of oyster culture, the major problem is con-
trolling predators, including crabs, oyster drills, and starfish. In two or three seasons, the industry
can produce a high quality oyster for the restaurant half-shell market.

-Blue rnussels  Mytilus edulis! have been a staple food for Native Americans in what is now
New England since prehistoric times. Along the Maine coast, wild musse1 harvests have been
recorded since 1887, with a peak of 2.6 million pounds of meat collected during World War II.
Although mussels have always been considered a delicacy in Europe, it was not until the 1970s
that the general public on this side of the Atlantic developed a gourmet taste for the bivalve.
Marketing campaigns in Maine and the development of rope-culturing techniques produced de-
mand and a high quality product. But the intensive labor required to harvest rope-grown inussels
make this cultivation method uneconomical, except for rnussels destined for the most discriminat-
ing restaurants.

Bottom culture of rnussels, however, allowed a boom in mussel farming in the 1980s.
Today, most mussel farmers select appropriate areas of the sea fioor and seed the selected site with
young rnussels, spreading them out to optimize densities. The cultivated stock is left for one or
two years to mature to market size and then harvested with a bottom drag.

In 1995, farm-raised mussels, which make up 10% to 20% of the state's total mussel land-
ings, had a dockside value of more than $1 million. Today, mussel producers are researching more
efficient ways to collect juvenile mussels for seed, studying the importance of eelgrass in the life
cycle of the mussel, and exploring better methods of harvesting and washing rnussels.

Soft-shell clams  Mya arenaria! have always been an important cash crop for Maine. How-
ever, between 1984 and 1995, the number of clams harvested in the state dropped by 80%. No one
really knows w'hy. This dramatic decrease in wild clam populations has resulted in annual declines
of nearly $3.5 million to Maine clam diggers, even though the per-bushel price of clams continues
to rise.

Beals Island Regional Shellfish Hatchery, a nonprofit, educational and research operation,
has been instrumental in studyIng soft-shell clams and educating the public about this resource.
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The hatchery produces millions of 1/4 to 1/2-inch soft-shell clams each year by spawning broodstock
and raising the juvenile clams through to transplant size.

To induce spawning, broodstock clams are "shocked" by moving them from 50'F seawater
to seawater warmed to 70'F. The change in temperature causes clams to release eggs and sperm
into the water which mix together to produce fertilized eggs. Fertilized eggs  a 2-inch female clam
may contain 1 million eggs! are collected and placed in large tanks in the hatchery where they are
raised until they can be transferred to a nursery container  a surface tray or an "upweller"! through
which nutrient-rich seawater passes. Once clams reach 1/2-inch size  usually the following spriiig!,
they are planted in mud flats overseen by municipal shellfish committees.

Hatchery personnel teach the general public, town shellfish committees, and clammers
about the life cycle of clams and clam flat management. Seeding a depopulated clam flat involves
transplanting young clatns to traditionally productive areas that now have low clam populations
due to overharvesting by humans; natural predation by birds, fish, crabs, moonsnails, sandworms,
bloodworms; or poor recruitment. The seeded area is covered with nets to keep out predators, and
the transplanted clams are left to grow until they reach market size. Clammers benefit from this
rnanagernent strategy.

Developmental ShelljBh Species
For Maine shellfish growers, the sea scallop  Placopecten magellanicus! offers commer-

cial possibilities. Some of the technology employed in mussel culture may be transferable to scal-
lop culture. Scallop spat are collected in the wild between August and October and are grown out
ta market size in suspension culture in pearl nets or lantern nets. After three or four years, sea
scallops of marketable size fetch premium prices. Small scallops can be harvested a year and a
half after spat collection. Canadian scientists are doing much of the research on sea scallops and
are also investigating hatchery techniques.

At the Darling Marine Center, the maxine laboratory of the University of Maine, research-
ers are studying the reproductive biology of species such as the Arctic surf clam and are develop-
ing techniques for spawning and raising mahogany quahogs  Arctica icelardica!, surf clams  Spisala
solidissima!, and Stimpson surf clams  Macrromeris polynema!. To date, growth trials for the
Atlantic surf clam have been conducted at six sites in Maine; at least one aquafarm is marketing
the product.

Sea Vegetables
A cool climate, an abundance of nutrient-rich waters, and a large tidal flow make the

Maine coast ideal for the state's newest aquaculture industry � seaweed farming. Nori, a.type of
red algae, is an essential ingredient of sushi, the Japanese delicacy composed of fish, vegetables,
and rice wrapped in thin strips of the dried seaweed. In the clean waters of Cobscook and Penobscot
bays, Maine seaweed farmers tend large floating nets seeded with spore from the filaments of nori,
 Porphyra yezoensis!.

Wild nori is native to Maine, but Porphyra yezoensis, a native to the Pacific, is easier to
press and process into the paperlike sheets used in Japanese cuisine. In order to thrive, nori needs
water with high nutrient levels and strong currents to bring the nutrients to the algae and to pro-
mote the exchange of oxygen and carbon dioxide. Maine nori farmers are using the cool summer
waters of Cobscook and Penobscot bays to grow what is, in its natural habitat in Japan, a winter
crop.
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At the Coastal Plantations International, Inc.  CPI! plant in Eastport, large rectangular nets
are seeded with nori spores, then climatized in a tank under lights that simulate September condi-
tions in Japan. The nori attaches to the nets, and the nets are set out in clusters in bay waters where
they are periodically raised in order to remove unwanted algae growth, as well as mussels and
snails that attach themselves to the nets. The nori grows out to a length of about ten inches before
it is harvested. Special "nori boats" are used to tend the nets and gather the seaweed. As a possible
spin-off industry, the construction of the long, low, flat-bottomed craft may provide work for local
boatbuilders,

Coastal Plantations not only cultivates Porphyra yezoensis in the waters around Eastport,
but also operates the only nori-processing plant in the western hemisphere. A machine that looks
like a printing press, equipped with paper-sized paddies, processes the seaweed and produces a
high quality nori with a dark, lustrous color and a tender texture that dissolves in your mouth.

CPI intends to sell seeded nets of nori to local fishermen, who will raise the crop as a
source of supplemental income and sell it back to Coastal Plantations for processing. A coopera-
tive of nori growers from Blue Hill has purchased eight nets seeded with  Porphyra yezoensis!
from CPI and is placing them at sites in Eggernoggin Reach and the Bagaduce River in Penobscot
Bay to test the productivity of the area. The raw nori grown in the Blue Hill area will be trans-
ported to Eastport for processing into sushi sheets.

Besides a wrap for sushi, nori is also used in soups, salads, teas, and candy. Scientists are
studying its therapeutic effects on ulcers and stomach cancer. Reputedly, nori prevents and cures
scurvy, acts as an antibiotic, reduces blood cholesterol, and is high in B vitaxnins and minerals.
Nori growers are selling spring growth to pharmaceutical companies that extract a dye from the
seaweed, used as a tracer in biomedical research.

With the fastest growing market for nori in the world, the United States imports more than
$30 million worth of the seaweed each year from Asia. Maine nori farmers aim to capture 1% of
the U.S. market and perhaps eventually enter the $2 billion-per-year global market.
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ACTIVITY: NIUSSKI. DISSECTION

 Adapted with permission fram the Northern llew England Marine Education Project at the Uni
versity of Maine.!

Information

The dissection of shellfish requires care because rnussels have few colored organs. How-
ever, there are many things that can be readily seen and the observations made during dissection
can serve as the basis for discussion.

The dissection deals specifically with the Blue mussel, Mytilus edulis, but will apply equally
well to many of the other bivalves  oysters, Ostrea edulis and Crassostrea virginica; soft-shell
clams, Mya arenaria; hard-shell clams, Mercenaria; and bay scallops, Aquipecten!. Specific men-
tion of certain other bivalves is made throughout this dissection and if a specimen of one or more
of these animals is included, the scope of the experience will be increased. It is, however, not
necessary to have any other shellfish present to conduct a dissection of the blue mussel.

The mussel should be opened and dissected in salt water to reduce the damage to the gill
and mantle structures. The initial cutting of the adductor mussels requires a sharp knife. There-
fore, it is suggested that the teacher provide students with precut specimens or allow two to three
animals for the student to "practice on" prior to starting the dissection. The problem with bivalve
dissection is that one does not know what is inside the shell until it is opened and careless opening
of an animal will destroy delicate structures.

Preparation
After y6u try the dissection yourself, duplicate and distribute the handouts Mussel Dissection and
Mussel Diagrams to your class. Mussels  and other bivalves! can be purchased from a superrnar-
ket or fish market, They may be kept a week or so in the refrigerator without water or returned to
the refrigerator after partial dissection to wait for the next class. There is no need to use any kind
of preservative.

Procedure

l. Discuss the student handout Culturing Shellfish and Sea Vegetables in Maine.

2. Briefly go over the biology of molluscan bivalves.

3. Introduce the "Mussel Dissection" activity.

4. Distribute the student handouts Mussel Dissection and Mussel Diagrams.

5. Students may work in teams, groups, or as a class following a teacher demonstration.



NIUSSEL DIAGRAMS
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STUDENT HANDOUT
Mussel Dissection

Instructions

Carefully read through the following procedures and make observations accordingly.

Procedure

External Anatomy

l. There are several things to observe about the outside of the mussel. The first is the presence of
coiicentric growth rings on the shell, Just like the rings visible in a cross section of a tree, there
is a direct relationship between the spacings between the rings and environmental conditions.
Shell morphology  i.e., its form and structure! reflects growth pattern and is characteristic of
each species, though pronounced irregularities can occur under disease conditions. How many
growth rings are present on the shell of your specimen?

2. The next thing to observe is the presence of the byssa1 threads. These threads are laid down
within a few minutes and provide the mussel with the ability to hoM oii. Test the strength of the
byssal threads by trying to pull one apart, Why do you think it is so important that the mussel
has a means of anchoring itself to a substrate?

3. The last external feature to note is the presence of a cartilaginous, rubbery material on the back
of the shell. This acts like a hinge and allows the mussel to open the two-way valves by a
pivoting action which will be discussed later. If the organism is healthy, none of the internal
organs, mantle, gills, siphon, or foot should be protruding from the shell. Is your specimen
healthy?



Infernal Anatomy

4. Orient the mussel in the hand as shown in Figure 4. Familiarize yourself with the four exterior
areas  anterior, or head end; posterior, or rear end; dorsal, or top area; ventral, or bottom area!
and sides  left and right valves, see Figure 3!. If the mussels have been cooled at 2-3 C �5-
38'F! for a half hour prior to dissection, adductor muscles will be relaxed and the process of
opening shells will be simplified, Try to open the mussel with your bare hands without damag-
ing the shell, What function do you think the adductor muscle serves?

5, Insert a flexible knife at the area shown in Figure 4, and gently slide it across the interior of the
upper, left valve. Care should be taken to keep the knife blade from damaging the internal
organs, which will be located in the central region of the mussel. Three major muscle groups
will have to be severed before the shell can be easily lifted to expose the organs: �! posterior
adductor, �! foot retractor muscles, and �!anterior adductor muscle. The posterior is largest in
size, and the most easily cut. The anterior adductor may be located and cut after the other two
muscle groups have been cut, allowing the valves to open. If there is not a marked relaxation
following your cutting motion, you may have to repeat it, always seeking to avoid damaging
interfial organs, particularly the delicate gills.  see Figure 5 and 6!. What fu nction do you think
the foot retractor muscle serves?

6. The dissector will immediately be confronted by the unfortunate fact that almost everything
inside a mussel is the same color. Also, many organs are similarly shaped and tend to overlay
each other. Before examining the organs, you should examine the shell interior. When all muscles
have been severed, lift the left valve up and locate the pallial line  see Figure 7!, which marks
the place where the mantle attaches. The inner layer of the shell is completely difterent in
texture and color from the exterior portion of the shell. This is because the shell is not one
material but is composed of layers of different materials. If it were possible to observe the
cross-section of the sheH under a microscope, three distinct layers would become apparent: the
inner or pe@ stracum layer, composed of conchiolin  mother of pearl!, and two outer crystalline
layers composed of calcium carbonate and conchiolin. Where does the mussel obtain shell-
buiMing material such as calcium?
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7. The location and number of the adductor muscles is highly variable among bivalves and can be
used as an identification aid when a dried shell is located on the beach. In most bivalves, there
is also a distinctive pal1ial line that marks where the mantle attaches to the inside of the shell.
It should be noted that, in certain bivalves, this pallial line is deformed into a pallial sinus by the
presence of the excurrent  exhalent! siphon. A dried shell can be used as a rough identification
aid to separate certain bivalves such as mussels from clams. The shape of the pallial sinus gives
you an idea of the importance of the excurrent siphon to the animal. Burrowing animals depend
upon this organ more than non-burrowing aniinals. Examine a dried scallop, mussel, and clam
shelL Can you locate the position of the adductor muscle s! and the pallial line  sinus!?
Sketch and label these parts for several diferent dried bivalve shells.

8. With the left-hand shell removed, those structures depicted in Figure 8 should be visible. The
structure which completely surrounds the body of the organisin much like a blanket is the mantle.
One of the f'unctions of the mantle is the production of new shell material, In the mussel, the
mantle is not fused along the ventral border. You may find that in cutting the adductor muscles
to open the valves, you cut the mantle, with portions adhering to both valves. Is the mantle of
your specimen intact or divided in two?

9. The internal organs of the bivalve can be divided into groups by their function: �! respiring
and/or eating, �! locomotion, �! reproduction, and �!musculature. Each of these organ sys-
tems may be thought of as a separate entity for the purpose of this dissection, but it must be
remembered that several organs may function together at any one time. Using Figures Il and
I2, assign each labeled organ to one or more of the functional groups listed above.



10. The gill is actually composed of two W-shaped ctenidium, fused along the dorsal surface  see
Figures 8, 9, and10!. After examining the left gill in place  for location, refer to Figure 7!, you
may remove it by lifting and cutting carefully along its entire length. You will find that it is
attached to the main mass of organs along a rather straight line from the mouth area to the
posterior adductor muscle, Care should be exercised not to accidentally remove the kidneys
while doing this {see Figures 11 and 12!. When the gill is removed, the digestive organs should
be easily exposed. What function s! do the gills serve?

11. The digestive system of bivalves consists of arr esophagus, stomach, digestive diverticu1um,
midgut or intestine, and hindgut or rectum Water is drawn over the gill ctenidia and the food
particles are sorted out and covered with a mucous material. This food package is carTied
towards the labial palps and the mouth by tiny hair-like projections from the cell. These pro-
jections are called cilia and their beating creates a current directed towards the mouth, On
reaching the palps, the food is sorted. The material which is small enough to be accepted
passes onward and the larger material is passed outward towards the periphery of the mantle.
M%y is this food-sorting mechanism necessary?

12. The small, mucus-bound food particles enter the mouth fram the oral groove of the palps and
move to the stomach via a short escophagus. Once the food reaches the stomach and intestine,
it is subjected to mechanical abrasion by the crystal style and chemical degradation by the
enzymes and chemicals in these organs. Food is sorted by ciliary action and conveyed to the
digestive diverticulum and eventually is excreted at the anus into the cavity of the she11. Here
the feces {the matter which has passed through the digestive tract! and the pseudo-feces  the
material which was rejected at the labial palps! are both discarded through the excurrent si-
phon to the outside. Using Pigures ll and I2, trace the digestive path of a food partrcle.
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13. The foot is the organ of locomotion, In animals such as the soft-shell clam, the foot is used ta
burrow. Burrowing is accomplished by extending the foot through the mud and then causing
the end portion of this organ to swell, acting as an anchor, When the foot is secured, the
retractor muscles which normally retract the foot are contracted, and since the foot is secured,
the body moves toward the foot rather than vice versa. As the organism developed from a
burrowing to a sedentary mode of life, it developed a byssal structure to secure itself to hard
substrates. Since the mussel is a creature which clings to its substrate, you would expect tp
observe this byssal apparatus. Externally, the threads are easily apparent; internally, they can
be seen to originate from the foot structure proper, What function do you think the foot serves
in the blue mussel?

l4. When the organism became more sedentary, the size of the foot decreased and the size of the
byssal threads increased. The byssal apparatus functions in two ways to secure the animal to
its environment. In the case of the mussel, threads are produced which act to secure the ani-
mal. In the case of the oyster, a gland produces a cementing agent which secures the animal
directly to its substrate. The mussel foot is attached to the shell by a series of retractor muscles,
and it is connected to the other organs by a blood and nervous system. It should be possible to
locate the foot, which you will probably find "tucked" forward, almost under the mouth appa-
ratus. Locate the foot on your specimen. Measure the lengfh of the foot and record below.

15. The gonads usually lie in the foot below the visceral mass, and depending upon the species
and time of year, their size can be highly variable. Many of the bivalves are functionally
hermaphroditic � forming sperm and eggs in different parts of the same gonad. Other bivalves
can change their sex in response to the need to balance the number of males and females
within the population. This sex change can occur either as a single event or several times
during the lifetime of the animal. Fertilization occurs externally, although the animal may hold
the fertilized eggs within the shell in response to adverse environmental conditions. What are
some possible adverse environmental condMons which might cause an animal to retai n its
eCÃs-
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MAKING CONNECTIONS: ADDITIONAL ACTIVITIES AND EXTENSIONS
~ Mussel Activity: Water arid Nutrient Passage in Mussels
Place a live mussel in a container of sea water and observe its movements. When the mussel
begins to filter, add some carmine powder, obtainable from science supply houses. Observe
the filter currents. Then determine where water enters and where it exits. After about twenty
minutes dissect the mussel carefully and observe where the carmirie powder has collected. For
additional information and activities, see Appendix G.
~ Clam Activities. Additional Information and Activities  Appendix G!
~ Oyster Activities: Additional Information and Activities  Appendix 0!
~ Scallop Activities; Additional Information and Activities  Appendix G!

GLOSSARY

Calcareous: Describing something that contains calcium carbonate.
Climatized: To allow an organism time to get used to a new climate.
Gonads: Sex organs.
Juvenile: The immature form of a living thing, not sexually mature.
Nori: A red alga aquacultured in Maine.
Optimize: To make the most of something.
Phytoplankton: Microscopic algae which is often an important food source for marine animals.
Spat: The spawn or juvenile form of bivalves such as oysters, scallops, and clams,
Visceral: Describing internal organs located in the thorax and the abdomen.

ADDITIONAL RESOURCES

Booker, James and Dawn Grover. Gulf of Maine Marine Coloring Book. Augusta: Maine De-
partment of Marine Resources, n.d.

Coulombe, Deborah. The Seaside Naturalist. New York: Simon and Schuster-A Fireside Book,
1984,

Iversen, Edwin S. and Kay K. Hale. Aquaculture Sourcebook. A Guide to North American Spe-
cies. New York: Van Nostrand Reinhold, 1992.

Jones, Elaine P. A Teacher 's Guide to Marine Life of the Gulf of Maine, Augusta: Department of
Marine Resources, 1993.

Maine Sea Grant Communications. The Cultured Cajun: Raising Soft-Shell Clams Downcast
 video!. Orono, ME, 1992.

Northeast Fisheries Science Cerrter. Status of the Fishery Resources Off the Northeastern United
States. NOAA Tech. Memorandum NMFS-NE-108. Woods Hole, MA. Jan. 1995.

Northern New England Marine Education Project ls Our Food Future in the Sea? Orono:
University of Maine, l 981.

Swift, Donald R. Aquaculture Training ManuaL Cambridge, MA: Fishing News Books-
Blackwell Science Publications, 1993.
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Aquaculture in the Classroom

KEY CONCEPTS

The best way for students to learn about aquaculture is to engage in a class aquaculture project.
Growing freshwater or marine algae, or culturing clams allows students to use many science skills
such as measuring, observing, sampling, record keeping, analyzing, and graphing. Furthermore,
students will learn the importance of resource management, controlling environmental impacts,
and maintaining natural ecosystems.

LESSON OVERVIEW

Students will experiment with aquaculture in the classroom by setting up and maintaining fresh-
water and saltwater aquaria and culturing algae.

LEARNING OB JECTIVES
After completing this chapter, the student will be able to:

~ Observe live plants and animals in a semi-natural environment.
~ Describe how to set up and maintain freshwater and saltwater aquaria.
~ List the life requirements of several aquatic plants and animals.
~ Describe how to culture freshwater and marine algae and clams.
~ Describe how to isolate a variable and test it.

~ Demonstrate measurement skills using calipers,
Demonstrate the use of a hemacytometer to determine algae density.

LEARNING RESULTS
GROWING HMSHWATER ALGAE

B Ecology: Students will understand how living things depend on one another and on non-living
aspects of the environment.
4. Analyze the impact of human and non-human activities on the type and pace of change in

ecosy stems.

J. Inquiry and Problem Solving; Students will apply inquiry and problem solving approaches in
science and technology.
1. Make accurate observations using appropriate tools and units of measure.

K. Scientific Reasoning: Students will learn to formulate and justify ideas and to make informed
decisions.

4. Recognize the need to revise studies to improve their validity through better sampling, con-
trols, or data analysis techniques.

MARINE ALGAE AND LIGHT

B, Kcology: Students will understand how living things depend on one another and on non-living
aspects of the environment.
3. Analyze the effect of reproductive and survival rates on population size.
4. Analyze the impact of human and non-human activities on the type and pace of change in

ecosysterns.
J. Inquiry and Problem Solving:

1. Make accurate observations using appropriate tools and units of measure.
2, Verify, evaluate, and use results in a purposeful way,
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K. Scientific Reasoning:
4. Recognize the need to revise studies to improve their validity through better samplirig,coii-

trols, or data analysis techniques.
GROWING CLAMS

B. Ecology: Students will understarid how living things depend on one another arid on non-living
aspects of the environment.

4. Analyze the impact of human and non-human activities on the type and pace of change in
ecosy stems.

J. Inquiry and Problem Solving:
l. Make accurate observations using appropriate tools arid units of measure.
2. Verify, evaluate, and use results in a purposeful way.

K. Scientific Reasoning:
4. Recognize the need to revise studies to improve their validity through better sampling con-

trols or data analysis techniques.
M, Implications of Science and Technology: Students wi11 understand the historic, social, eco-

nomic, environmental, and ethical implications related to science and technology.
2. Demonstrate the importance of resource management, controlling environmerital impacts,

and mairitaining natural ecosystems.
4. Analyze the impacts of various scientific and technological developments.

MATERIALS

Copies of student handouts Growing Freshwater Algae and Culture Media for Freshwater Algae
and various individual setups for aquariums.

BACKGROUND
A FRESHWATER AQUARIUM
 Thefof lowing setup was reprinted with permissionPom NSTA Publications, l980, from Science
and Children, Carol D. and Carolyn H. Hampton, National Science Teachers Association, 1840
WiLson Boulevard, Arlington VA 22201-3000.!

Having an aquarium in the classroom lets children make firsthand observations of plants and
animals and environmental interrelationships. Feeding habits, predator-prey relationships, behav-
ior patterns, life cycles, arid the effect of changing environmental conditions on populations are
some activities for study.

Selecting a Container
First, determine the function of your aquarium. Do you want to keep a few aquatic organ-

isms for a short time for a demonstration, for individual students, or f' or team projects? If so, very
large jars, plastic containers, or battery jars are satisfactory. For more organisms that will be ob-
served over a longer period, you will need to build a well-designed habitat of 57 to 95-liter  L!
capacity. The shape of the tank should provide a maximum of water-to-air surface area to insure
an adequate supply of oxygen; i.e., don't use round fishbowls with small openings.

If the aquarium is only a holding tank for short periods, sand or plants are not necessary.
Only a satisfactory water source and a compatible temperature range are needed. Most aquatic
animals survive well in diffused light to darkness; avoid southern and western exposures.
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Second, determine the need for mobility of the aquarium and choose accordingly. If aquaria
will be moved, use only small molded glass tanks or vessels, Never move glass or plastic tanks
with reinforced edges. Moving a tank filled with water � or allowing ane to dry for a long time�
distorts the frame, loosens the glass, and causes leaks.

Setting Vp the Aquarium

Wash the tank thoroughly with detergent. If the tank has been used before, add a little
household ammonia to the water ta help dissolve grime. Rinse with clear water at least three
times.

Thoroughly wash enough coarse sand or small gravel with clean water to cover the bottom
of the tank to a 3 to 4 centimeter  cm! depth. Run warm water into a plastic bucket containing the
sand. Allow the sand to settle and pour the water off until the water remains clear.

Add a 3-cm layer of clean sand or gravel to the aquarium. Add one or two clean clam shells
to help neutralize the water's acidity and to provide a source of calcium for animals with shells.
Add a strip of copper  approximately 2 X 5 cm!. Copper ions released from the strip will retard the
growth of single-ceHed and colonial forms of algae.

Add the remaining sand or gravel. Landscape the aquarium so the sand level is higher in
the rear of the aquarium, This creates a trough in front for removal of dead organic matter  detri-
tus! that will accumulate.

Add to the tank either we11 water, rainwater, or water from springs, ponds, or streams. If
tap water is used, let it "age" in uncovered containers for at least three days before using so
gaseous chlorine escapes. Place a saucer or square of plastic on the sand. Pour the water in slowly
so the sand is nat disturbed. When the water is 15 to 20 cm deep, add plants.
Green Plants

Green plants make an aquarium more attractive. They provide cover for shy or young fish,
remove some of the nitrogenous products released by animals, and absorb carbon dioxide

The role played by plants in oxygenating aquarium water has been exaggerated. If there is
enough air/water surface area, the oxygen concentration in the water will eventually reach the
saturation point. Since the aquarium plants also use oxygen, they may actually compete with
animals for what is available.

Plant the longer plants near the rear and the shorter sprigs near the center of the aquarium.
Leave enough space in front for examining and handling animals and for removing detritus. Allow
8 to 10 cm between any two plants.

Fill the aquarium with water to within 2 cm from the top. Add several racks  smooth
sandstone or granite! for a scenic effect and cover for shy animals. Add a glass cover to reduce
evaporation and contamination by dust and unwanted microorganisms. Glue small pieces of cork
to the rim at each corner to leave space for ventilation.

Animals

The aquarium can be stocked with animals after several days. Give the water rime to clear,
reach room temperature, and dissolve adequate oxygen. In selecting animals, remember: �! preda-
tors should be isolated from prey species until you want to study feeding behaviors; �! animals
that normally live in still ponds or quiet streams will adapt better than those from running streams
because af the oxygen supply; �! avoid animals that stir up the bottom sand or uproot vegetation;
and �! using 4 L of water per 2.5 cm animal prevents overcrowded conditions.
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Native freshwater animals can survive in a classroom aquarium. Animal selection may
vary with the students' ages, the science curriculum, organisms collected during field trips, the
time of the year, the area in which you live, or your own preferences. Mature or older specimens
are generally less hardy than young animals, Fish that are 3 to 5 crn in length are best to use.
Several small animals are preferred to one large aniinal. A suggested grouping for a 38-L unaeiated
unfiltered aquarium includes:

15-20 rooted and/or submerged plants
2 x 2 cm of duckweed

10 sma11 snails  or 5 large snails!
8, 2.5-cm fish  or 4, 5-cm fish!
4 tadpoles
1 newt or larval salamander

1 mussel

Put one snail in the aquarium for each 4 L of water. Scavenger snails help remove sedi-
mentary wastes and algae. Too many snails add excrement that is unsightly and supports algae
growth. Avoid species that eat rooted plants.

When adding fish or other animals to a tank, allow them to remain in a plastic bag contain-
ing the water in which they arrived until the water temperature in the bag is the same as the tank's.
Tip the bag to empty organisms into the tank.

Maintenance

Keep an aquarium with plants in medium light. Strong light favors algae growth. A win-
dow with a northern or eastern exposure  or a fluorescent ceiling light! provides the best light.
Optimum temperature range wilt vary with organisms, but room temperature is usually satisfac-
tory.

A common problem with classroom aquaria is overfeeding. Overfeeding leads to buildup
of organic wastes, cloudy water, lowered oxygen concentration, and in some cases death. It is
better to underfeed than overfeed. Remove any food that remains 30 minutes after feeding.

Daily care and weekly cleaning can slow down the processes of algae growth and accumu-
lated organic matter. Check daily for dead plants and animals, and the accumulation of excess
food. Remove sick or dead animals and any dead foliage. Fish gulping at the surface, bubbles
accumulating at the edge of the water, and dead animals are all signs of po1lution or the lack of
adequate oxygen.

Remove detritus that accumulates in the trough at the front of the aquarium with a siphon
or a baster by hand. Remove filamentous algae each week.

Many aquarium aids on the market enhance the use of aquaria for specific objectives and
organisms. Filters, aerators, heaters, thermostats, and artificial lights are options. Accessories in-
crease the cost of keeping a classroom aquarium. We have had success in maititaining aquaria
without them.

A SALTWATER AQUAMUM
 The following setup was reprinted with permission from NSTA Publications, 1979, from Science
and Children, Carol D. and Carolyn H. Hampton, National Science Teachers Association, /840
Wilson Boulevard, Arlington VA 2220l-3000.!
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Bring the sea to your classroom by setting up a saltwater aquarium. While a marine aquarium
is not as easily maintained as a freshwater aquarium, it is not a difficult task. If students follow
instructions carefully, they will develop new skills and experiences and will soon be observing
marine organisms in their own miniature ecosystem. In a class where a marine aquarium is main-
tained, student interests progress from casual observation, to studying feeding and behavior pat-
terns, to taking responsibility for maintaining the tank and organisms.

In the ocean, water composition is quite stable because of the vastness and ability of sea-
water to dissolve and dilute water substances. Water in any given area is constantly circulated by
tides, currents, and wave action. The key to a successfu1 aquarium is maintaining good water
quality.

Selecting a Tank

Use an inert tank of all glass or Plexiglass construction. A recessed ridge on which a glass
or Plexiglass lid can rest will allow splashed water and condensation to drip back into the tank.
Tanks of 75 to 110 L capacity are recommended. Sinaller tanks do not allow for a variety and a
good balance of organisms. Two 75 L tanks can hold more animals and provide more ecological
niches than one 150 L tank. If one tank becomes contaminated, a second one can function while
the first is cleaned.

Filtration System

Marine organisms  especially fish and motile invertebrates! produce a lot of waste mate-
rial consisting of ammonia, urea, and carbon dioxide  CO2!. Ammonia is of greatest concern be-
cause it-is toxic in relatively low concentrations.

There are two basic types of filtration: biological and mechanical. The essential filter for a
marine aquarium is the under-gravel filter, also called a biological filter because it relies on bacte-
ria. As soon as the tank is set up, nitrifying bacteria and other microorganisins attach to the gravel
and filter substrate surfaces. The microbes extract waste products and decaying matter from the
water as it filters through the gravel. Ammonia and urea are converted to less toxic compounds
called nitrites and finally to end products called nitrates. Nitrates, while still toxic, are only lethal
at high concentrations. Green algae take up the nitrates and convert them into plant biomass.
Nitrates also may be removed by a mechanical filter.

A mechanical filter is not an absolute necessity. Iii conjunction with a sub-gravel filter, it
will improve the quality of the water by removing particulate matter and keeping the dissolved
oxygen concentration high. Usually this type of filter is a box attached to the outside of the tank.
The water moves down through a layer of polyester fiber, which filters out suspended particles,
and then moves through a layer of activated charcoal which absorbs organic molecules. In time,
this type of filter becomes a biological filter, as nitrifying bacteria attach to the fibers.

Both types of filters must be attached to an air pump to make them operate. For 75 L tanks
or larger, two under-gravel filters are needed. If a mechanical filter is used, one is sufficient.

Water

Water for the aquarium may be either natural seawater or a medium made from synthetic
sea salts. If you are located near the coast, inarine organisms you collect will survive well in the
water from their collection site. Seawater near the shore has a tendency to be polluted. Collect the
water from a rock jetty or wade out into deeper water at high tide. Transport the water in plastic
buckets. A good practice is to collect extra water to store for making water changes in maintaining
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the aquarium. Store the buckets in a darkened place and tighten the lids to prevent algae and other
unwanted contaminants from growing. The quality of the water improves with storage. Before
using natural seawater, filter it through a funnel packed with polyester fiber.

You can make synthetic seawater by mixing prepackaged salts and minerals with distilled
or aged tap water, Before using tap water, leave it in an open plastic bucket for three days to allow
the chlorine to escape. For best results, use a well-known sea salts product from a reputable sup-
plier. Beware of off-brand products at the pet stores.

Bottom Material
Good materials to use as a substrate are calcareous gravel limestone pebbles, coquina

shells, or crushed coral. Slow dissolution of the calcium carbonate in shells and other limestotie
materials will help stabilize the pH of the water. Never use silaceous gravel, sand, or colored
pebbles sold in pet stores. Be sure the particle size is greater than the holes in the sub-gravel filter.

Run fresh water over the bottom material in a plastic dishpan or bucket to clean it. Stir the
material so dirt and organic debris float to the surface. As the heavy particles settle, pour off the
floating material. Continue this procedure until the water remains clear when the gravel or shells
sink to the bottom.

Setting up the Aquarium
Place the aquarium tank on a sturdy level surface. Select a location out of direct sunlight to

prevent excessive algal growth. Never move a tank once it has any substrate and water in it or you
will loosen the seams.

Install the sub-gravel filter, connecting air hoses and an air pump according to the
manufacturer's directions. Cover the filter with 5 to 7 cm of substrate material.

Decorate the seascape with pieces of coral, dried sea shells, and sea fans. If you use rocks,
be sure they have no holes, or have holes only large enough to permit recovery of aniinals that
might hide in them and die, Soak seascaping materials in seawater for 48 hours before placing
them in the aquarium. Do not use metal objects or metal containing rocks because they may add
toxic metallic ions to the water.

Place a shallow saucer on the substrate and fill the tank 2 to 3 cm from the top. Pour water
onto the saucer to prevent gouging out the substrate material. With a wax crayon or piece of
masking tape, mark the water level on the outside of the tank, Install the outside mechanical filter,
if one is used. Turn on the air pump and adjust the valves. The bubbles should rise rapidly but
separately through the tubes of the sub-gravel filters.

System Stabilization
Let the aquarium system operate for at least three days before adding any organisms. Add

one hardy organism for a one-week period, then add others. This procedure will help build up
nitrifying bacteria in the under-gravel filter and stabilize the physio-chemical environment. If it is
not possible to condition the tank with a single organism, then let the aquariuin stabilize for two
weeks before adding a full population.

Stocking the Aquarium
In a classroom aquarium where temperature is difficult to regulate, the best specimens to

maintain are those from the Middle Atlantic and the Gulf states  North Carolina to Texas!, TheSe
specimens tolerate a temperature range of 18'C �4'F! to 21'C �0'F!. Most biological supply
houses advertise a composite of marine organisms for classroom aquaria,
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If you live near the coast, coHect your own specimens. Thoroughly clean and rinse two
milk cartons. Cut off the tops and arrange the cartons in a large ice chest with seaweed in the
bottom of each carton. Fill the cartons with seawater to just below the surface of the seaweed. Add
one to three invertebrate specimens to each carton, Be careful not to submerge them in water. The
most common reasons for specimens not surviving transportation are overcrowding and lack of
oxygen. The wet seaweed will keep specimens' respiratory surfaces moist. If the animals are not
completely covered with water, more oxygen will spread across their respiratory surfaces,

Place fish in a carton with just enough water to cover them. Collect specimens that are less
than 5 cm in diameter. Do not pack predators with prey nor active organisms such as crabs with
delicate animals. The biomass carrying capacity of a tank depends upon a number of factors,
including the efficiency of the filtering system and the metabolic rates of individual organisms, A
good rule of thumb is about 18 to 20 animals per 75 L tank.

Acclimatizing the Specimens
Float the bags or cartons holding the animals in the aquarium. Add a little water from the

aquarium to the bags every 15 minutes. If the animals act nervous or contract, stop and wait before
adding water more slowly. When the water temperature in the containers equals the aquarium's,
remove the specimens with a dip net or with gloves and place them in the aquarium.

Feeding Rules
1. Cut off the power supply to the filters so small food particles will not filter out of the aquarium.
2 Do not give more food than can be eaten in one to two hours.
3, Keep a few scavenger animals to help clean up excess food.

Maintenance

Light

Do not expose the aquarium to direct sunlight. Excess light will cause undesirable algal
growth and high temperatures. Diffuse light from a north or east-facing window is best. If the area
is exceptionally dark, use an aquarium hood with fluorescent lights.

Temperature

Extreme body temperature changes lead to stress, burrowing, dormancy, disease, and per-
haps death of the animals. Keep the aquarium at 21'C �0'F! to 24'C �5'F!.

Salinity
The salinity  salt content! should be kept at 30 parts per million  ppm! or a hydrometer

reading of 1.025. Once the aquarium is working and the water level is marked, add distilled or
aged tap water to keep the water level stabilized. Never add more seawater; this increases the
salinity. A glass cover over the aquarium will retard the rate of evaporation.

pH
The pH should be kept between 8,0 and 8.3. You can order a simple test kit from a biologi-

cal supply house for this purpose. Calcareous shells and a natural growth of algae will help stabi-
lize the pH. If the pH becomes too acid or falls below 8.0, remove a cup of aquarium water, add
one teaspoon of bicarbonate of soda, mix well, and pour it slowly into the tank. If the water is still
acid the next day, repeat the procedure until the water is the proper pH.

137



Water Changes
Make a partial water change once a month to dilute built-up wastes, replenish trace ele-

ments, and help maintain alkalinity. Siphon off one-fourth of the tank's volume and replace it with
fresh seawater. Remove the mechanical filter once a month. Rinse the polyester fibers in fresh,
aged tap water and replace the activated charcoal. Be sure to rinse the new charcoal to remove dust
particles that could cloud the water,

Most detritus  partially decayed organic matter! will be drawn into the gravel where bacte-
rial action will break it down. However, with time, some debris may accumulate on the substrate.
Periodically stir and circulate this material so filter feeders use it. Remove large, accumulated
materials with a kitchen baster. Each week, scrape aIgae from the inside aquarium walls with a
plastic aquarium scraper. Encourage students to keep a log of their organisms and sources of food.
This wil1 be useful information in planning the composition of organisms for future aquaria.

ACTIVITY I: GROWING FRESHWATER ALGAE
 The information, preparation, and student handout sections of the following activity were reprinted
with permission from NSTA Publications, 1980, from "Growing Algae in the Classroom," Science
and Children, Carol D. and Carolyn H. Hampton, National Science Teachers Association, 1840
Wilson Boulevard, Arlington VA, 22201-3000.!

Information

Teachers can use freshwater algae in middle and junior high school classroom experiments
to demonstrate basic biological concepts, including requirements of living organisms. Teachers
may notase living algae cultures because the cultures can be expensive. They may think culturing
is impractical. While some algae are impractical for classroom use, many forins can be maintained
with few technical requirements. In fact, most algal forms useful in classrooms can be cultured
using short-term methods described here. You do not need pure culture techniques for keeping
algae for class use If you monitor temperature, light, pH, water quality, and have a satisfactory
culture medium, algae are easy to grow in your classroom.

Preparation
Water

Water qua1ity is of critical importance. Use filtered pond water, spring water, rainwater, or
in soine cases, distilled water. Never use chlorinated tap water. Heat all water for making solutions
to 73'C �63'F! for at least 20 minutes and let it cool to room temperature before inoculating the
water with organisms Refer to specific formulas for media to see whether or not water should be
made aseptic before or after mixing with other materials. You can make aseptic water by heating
water in a covered container such as a stainless steel stockpot. Store the water in its covered pot
and keep it in a place where it will not be disturbed.

Mark the water level on the side of the culture vessel and compensate for evaporation by
adding distilled water, aseptic spring water, or rainwater. A glass poultry baster makes an excellent
device for adding aseptic water to culture vessels. Keep the baster clean by storing it in a gradu-
ated cylinder with a beaker inverted over the bulb, Keep culture vessels covered with loose fitting
lids or plugs to a! low gas exchange and to keep out unwanted microorganisms and other forms of
algae.
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Glassware, %orkspace, and Storage Preparation
Careful/y wash all glassware used in culturing with warm water and detergent. Rinse twice

in warm tap water. Residual detergent on glassware may kill algae so be sure the glassware is
carefully rinsed. Store glassware upside down in a clean area. Sterilize pipettes or droppers used
in transferring algae by boiling them in water for 10 minutes. Store the sterile pipettes or droppers,
tips down, in a wide-mouth canning jar with a tightened 1id. Do not sterilize rubber bulbs, You can
keep these in a box until time for making transfers. Scrub working and storage surface with a 2%
Lysol solution made of 2 milliliters  ml! Lysol and 98 ml water to help prevent contamination of
cultures with unwanted algae and other microorganisms.

Procedure

1. Students should work in small groups to prepare a culture of algae using a starter culture and a
medium which is appropriate for the specific algae species.

2. The culture should be placed in an environment with controlled light and temperature

3. Have students record date, time, and baseline water quality measurements for the following
parameters: pH, salinity, temperature.

4. Observe algae on a daily basis.

5. Students may experiment using a variety of mediums for a particular species of algae.

Discussion:
1, What changes did the students observe in the algae culture over time? What may have caused

these changes?
2. How might the manipulation of light or temperature affect the growth of the algae?
3 What practical uses might there be for the culture of algae?
4. How are the needs of algae similar to those of other plants or other living organisms?
5. What is the role of algae in the food chain and the web of life?
6. What are some environmental factors that affect algae?

Aids for 1dentiTication
Hausman, Leon A. Beginner 's Guide to Freshwater Life. New York: G.P. Putnam's Sons, 1950.
Klots, Elsie B. The New Field Book of Freshwater Life. New York: G.P. Putnam's Sons, 1966.
Reid, George K. Pond Life, Herbert S. Zim, Editor.  Golden Guide Series! Racine, Wl: Western

Publishing Co., Inc., 1967.
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STUDENT HANDOUT

Basic Requirements of Living Algae

Temperature

Many species of algae will keep at room temperature. The optimal range of temperatures
for classroom culturing is between 10'C �0'F! and 21'C �0'F! Avoid temperatures above 27 C
 81'F! because higher temperatures are more damaging than lower ones.

Light

Keep cultures in a well-lit room near a window with a northern exposure. Never put algae
in direct sunlight because the water may heat beyond the plant's tolerance. An ideal set-up is to
install a 45-watt fluorescent tube 30 to 45 centimeters  cm! above the storage shelf. Between 200
to 400 foot-candIes of light will result, adequate light for many species. You can put an inexpen-
sive timer between the wall socket and the light plug and set it to furnish 16 hours of illumination
and 8 hours of darkness.

pH

Keep the hydrogen ion in concentration at neutral to slightly alkaline  pH of 7 to 7.5!.
Check your water source with pH test paper or have the water tested by a high school chemistry
teacher who has access to a pH meter to make sure the pH is correct .

Transferring Cultures
Moving algae from one container to another is called transferring. For classroom short-

term cultures, algae should be transferred every two to four weeks, depending on growth rate of
individual species. Take care in transferring procedures to avoid contaminating the cultures with
unwanted organisms. Single-celled and colonial forms are best transferred with a sterile pipette or
dropper.-Remove the pipettes or droppers from their storage chamber, making sure you do not
contaminate the tips. Put the large end into a rubber bulb and draw water containing algae halfway
up the glass tube. Do not draw water into the bulb. Hold the tip just under the surface of the new
culture medium. Squeeze gently on the bulb to release the algae into the medium. You can pick up
flilarnentous algae with forceps or tweezers. Sterilize the tips of the forceps by dipping them first
into a container of alcohol  baby food jar, for instance! then passing them through the flame of an
alcohol burner. The alcohol will ignite briefly. Allow the forceps to cool a few seconds, then dip
the tips into the water containing algae. Pick up some strands of the algae and put then in the new
culture. Another method of transferring is to use sterile cotton swabs from a drugstore, swirl the
algal filaments around the cotton swab then transfer the filaments to the new medium and unswirl.
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STUDENTHANDOUT

Culture Media for Freshwater Algae
The following media have proven successful wi th culturing certain species of algae under average
classroom conditions.

FerNizer Medium

Mix together 1 gram  g! of 4-10-4 or 5-10-5  nitrogen, phosphorous, potash! fertilizer and
1 liter  L! of pond, spring, or rainwater. Heat the mixture to 30'C  86'F! for 20 minutes. Filter the
mixture while still hot, before cooling it and inoculating the water with algae, Use for Fudorina,
Pandorina, Volvox, and other volvocales,

Pringheim's Soil-Water Meditun

This medium represents a miniature pond. The soil provides organic matter, growth fac-
tors, and trace elements. We have found that gas collecting bottles fitted with cotton plugs or heat
resistant plastic foam plugs make satisfactory containers. Put a pinch of calcium carbonate  CaCO~!
in the bottom of the bottle. Layer over this 1.5 centimeter  cm! of rich loamy garden soil. Soil you
have recycled from potted plants or greenhouses works well in this method. Fill the bottles to the
shoulder with rain, spring, or distilled water. Plug with cotton or plastic foam stoppers. Put the
bottles in a water bath and steam them at 70'C �58'F! for 15 minutes on two consecutive days to
kill both vegetative and spore forms of algae and fungi that are in the soil. Let the bottles cool
before inoculating. Use for blue-green algae' Oscillatoria, Rivularia; green algae; Chalmydomonas
and Closrerium; other desmids: Eudorina, I'andorina, Volvox, Cladophora, Oedogonium, Spiro-
gyra  oiiiit CaC03! and Zygnema.

Natural Water Medium

Fill a clean 3.8 L jar with water from the source where algae is found growing. Do not
crowd the filamentous forms. Set the container in a ~orth window. Use for Rivularia, Chlorella,
and others for a few days.

Natural Pond Medium with Mud/Sand Substrate

This method also represents a miniature pond and is useful for some of the larger branch-
ing filamentous algae, particularly the stoneworts. Use a wide-mouth 3.8 L jar or a battery jar.
Layer 1.5 cm of pond mud and/or sand. Cover with 1.5 cm layer of pre-washed aquariuin gravel.
Fill the container with filtered pond water without disturbing the bottom layers. Allow sediment to
settle before planting the filaments in the substrate, using gravel to hold them in the bottom. Use
for stoneworts: Chara and Nitelia,

Aquarium Method
Keep a classroom aquarium or battery jar stocked with a few rooted plants and two or three

small fish. You can introduce filamentous algae for short intervals of time. Clean away unwanted
algae by hand. Use for blue-green algae: Nostoc, Oscillatoria Rivularia; green algae: Hydrodictyon,
Scendesmus; desinids: Cladophora; and diatoms: Spirogyra and Zygnema, although neither form
may live a long time.
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ACTIVITY 2: MARINE ALGAE AND LIGHT

Information

Marine microalgae are extremely important organisms because they, like plankton, are among the
first order producers in the food chain. They are also important as a source of oxygen. There are
several single-celled green and brown algae that are used in laboratory aquaculture as a food source
for oyster and clam larvae and juveniles.  Tetraselrnis striata, a green dinoflagellate native ro the
tropics, is widely used in Maine aquaculture.!

As with freshwater algae, for successful culture, environmental factors must be controlled;
1! Sterile conditions are imperative. Keep glassware and all tools clean. Algae growing containers
will range from 250ml flasks for the stock culture to large 22 liter carboys for mature cultures.
2! The algae are grown in filtered saltwater which may be obtained from the ocean or made using
sea salt. Sterilize all water before using it. Never use chlorinated tap water. The pH range is
7.3 to 7.5.

3! Set up a grow area with controlled temperature and light. Temperature range is 20 to 25' C.
4! Algae are sensitive to parameters such as oxygen and carbon dioxide content. Oxygen levels
must be supplemented by daily swirling of the culture container or by pumping in air or oxygen
using an airstone and pump; although not essential, CO2 may also be pumped in.
5! Maintairung the cultures requires weekly dilution of the algae  to avoid overpopulation! with
sterile filtered seawater and the addition of nutrient supplements.  Miracle Grow works as a nutri-
ent, using 2 tablespoons per gallon of water!.

When raising algae as a food source for bivalves or small crustaceans, it is important to be able to
determine the density of the culture. The organisms feeding on it require different amounts of algae
at different stages of their development. For example larval shrimp require densities of 100,000 to
150,000 cells per rruTliliter  cells/ml! in the zoeal through myosis stages. A very rough estimate
may be accomplished by observing the culture's color; a more accurate count is done using a
specialized tool called a hemacytometer. This is a slide with a grooved counting chamber. When the
premeasured chamber is filled with an algae sample and viewed under a microscope, the organisms
will appear as small green  Tetrasebnis! or brown  Isochrysis! dots. To determine den.sity  mea-
sured in cells/ml!, the algae cells in several of the chamber's grid squares are counted, averaged,
and then multiplied by 10,000.

Preparation
About two weeks prior to the experiment, the teacher should secure at least 10 ml of a marine algae
stock culture for each class of students. Using sterile equipment and methods, this should be diluted
with 90 ml of filtered seawater in a 250 ml flask, sealed with a cotton plug, set under grow lights
and swirled daily. Keep at a temperature between 20 to 25' C. Add .25 ml � drop! of prepared
nutrient solution every four days.  If using Miracle Grow, add 10 rnl initially.!

Procedure

1. Using sterile techniques and working from a common source of healthy dense algae, each group
of students should prepare an experimental culture flask by adding 10 rnl of algae to a flask con-
taining 90 rnl of sterile seawater.



2 Determine a base densIty of each algae culture by gently removing a small sample with a sterile
dropper and filling the counting chamber of a hemacytometer, Slowly place the coverslip at a 45'
angle. Place the hemacytometer on a viewing platform of a compound microscope and focus
under low power �x!. Move into high power and focus,

3. Count and record the number of rnicroalgae in four different grids. To estimate the number of
cells/ml, first calculate the average number of microalgae cells per grid by taking the total number
of microalgae counted and dividing by four. Then multiply by 10,000 to obtain the number of cells/
ml.

4. The flask containing the algae culture should then be sealed with a cotton plug and set under
grown lights.

5. Observe daily. Also swirl daily or oxygenate using an air stone and air pump.

6. At the end of the week, again determine the density of each algae sample.

7. Then have each group determine an experimental location for their culture. One group's culture
should remain under the lights as a control, The other groups should place their culture in an area
with more or less light than the control, Students should predict whether the algae in the experi-
mental jars will grow better than the control.

8. Have the students maintain their culture for another week. Observe daily.

9. At the end of the week, determine the density a third time.

10. Have students prepare a graph to show the microalgae cell count over time.

Discussion

1. Which culture of algae grew the best? Why do you think?
2. Were there any variables that were difficult to control?
3. Why is determining algae density important?
4, Is it possible to have too many algae cells? What happens in an overpopulation state?
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ACTIVITY 3: GROWING CLAMS

Inforination

The soft-shelled clam, Mya arenaria, is a bivalve mollusk similar to the mussel, scallop, and oyster,
It lives in soft-bottom intertidal and subtidal sediments ranging from Labrador to North Carolina.
Clams are filter feeders, extending their siphons to the surface to obtain water for respiration and
food, the micrascopic algae and diatoms found in seawater. Clams propagate through external
fertilization. The resulting larvae are without shells and spend a short time in the water colurrni,
swimming with the currents. As they develop, they grow shells and settle on the ocean floor. After
the first year, they dig deeper into the sediment to establish a permanent burrow,

When they are legal-sized  two inches and larger!, they are harvested for human consumption,
Licensed clam diggers use a pronged "hoe" to harvest clams at low tide in the intertidal mudflats a f
protected bays. Historically, commercial clam digging has been an important industry in Maine; in
1993, 2.3 million pounds, at a value of $9 million, were harvested. Since 1982, statewide clam
landings have decreased dramatically. In eastern Maine, where the majority of the clams are har-
vested, landings have decreased 75%. Factors responsible for the decline inc1ude overharvesting,
natural predation, and pollution and red tide  caused by the blaom of a marine alga, the dinoflagel-
late Gonyauku tamarensis!.

In the late 1980s, the Heals Island Regional Shellfish Hatchery in Beals, Maine was established as
a public stock enhancement program for the purpose of replenishing publicly-owned clam flats.
The hatchery's successful clam spawning and educational outreach program has benefited many
coastal towns and students interested in marine ecology. The Hatchery obtains and spawns
broodstock; rears larvae in tanks using marine algae for food; maintains nursery units in the ocean;
and trains members of municipal shellfish committees how to use hatchery seed to reestablish
productive mud flats.

Preparation

With care, immature clams can be raised within a classroom aquaculture set-up. It is necessary to
set up a saltwater aquarium with bath a filtration and aeration system. A chiller is not necessary as
young clams will live and grow in water that is room temperature. However, keep the aquarium out
of direct sunlight so the water does not overheat. Use sterile, filtered seawater or saltwater prepared
using commercial sea salt. Perform water quality tests to check pH, temperature, salinity, ammonia,
and nitrate levels. Also prepare floating trays with cloth-screened bottoms. The irnrnature clams are
small and the trays allow for easy observation. Because the clams' food source has to be well
established, it is necessary to start growing marine algae about three weeks prior to the arrival of
the immature clams. Be sure to add a silicate supplement  important for clam shell growth! to the
algae as it is being cultured.

Procedure

1, When the clams arrive, allow about 24 hours for them to acclimate to the aquarium temperature
and water before ptacing them on the screen trays.
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2. Have the students select a small random sample �0 to 25! of clams to measure. Measure the
length of each clam from tip to tip using calipers or the grids on engineering graph paper. Record
the measurements and then return the clams to the tray.

3. Throughout the project, measure a sample of clams once a week.

4. Feed the clams daily. Use approximately 500 rnl of dense algae culture per hundred clams.
Simply pour the algae over the floating trays. The water should clear within 24 hours; if it remains
cloudy with algae, skip a day of feeding.

5. When eating, healthy clams wiH open slightly and stick out their siphons; they orientate them-
selves upward on the screen instead of lying flat. A small muscular foot may be visible and occa-
sionally the clams flip themselves.

6. Observe the clams daily looking for signs of disease. Unhealthy clams will stay flat on the screen
arid may develop a white film, Remove all unhealthy ones. One way to minimize the risk of a
fungal infection is to "rinse" the clams with a freshwater spray once a week. Simply remove the
whole tray from the aquarium and spray it gently.

7. As the clam grows, the mantle secretes new layers along the outside edge of the shell. The new
shell will be white or nearly clear. Using a dissecting microscope, the students should be able to
observe these new growth rings.

8. Other than removing clams for measurement or inspection, handle the clams as little as possible.

9. As with any closed system, it is important to continuously morutor the water quality, watching
for an unusual odor or change in water color. Measure and record pH, salinity, temperature,
ammonia, and nitrates weekly. If any of these parameters should go beyond a healthful range,
be sure to remedy the situation immediately. If necessary, change the water.

10. When the young clams are 10 to 20 mm in length, release them at a local clam flat.

11. Have students make a graph showing average growth  in mm! over time.

Disnmion

1. How does this model ecosystem compare to the Gulf of Maine ecosystem?
2. What problems if any did you encounter dealing with a closed system?
3. What factors influenced the growth of the clams? What might you do to enhance the clam
growth?
4, What effect will releasing 100 clams have on the population of clams in Maine? What effect
would releasing a billion have? What changes would have to be made to the classroom aquaculture
system to accommodate a billion clams?
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MAKING CONNECTIONS: ADDITIONAI ACTIVITIES AND EXTENSIONS
~ Adopt a salmon

For a fee, the U.S. Fish and Wildlife Service offers a multidisciplinary watershed education
program  grades 5 through 8! entitled "Adopt-A-Salmon" which consists of a curriculum
package and an incubator stocked with fertilized salmon eggs.

~ Field trip to a coastal clam flat or an aquaculture facility

~ Experitnent using marine organisms
If you have set up a saltwater aquarium with a chiller, students may conduct experiments to
find out more about the natural habitat of marine organisms. 1! Determine whether periwinkles
prefer a light or dark habitat. First prepare a tank so that one end is dark, the other light. Label
two or more periwinkles with coded initials and place half the periwinkles in each end of the
aquarium. Leave undisturbed for 24 hours. After 24 hours, observe and record the periwinkles'
positions. Compile and analyze the data. 2! Determine what type of substrate lobsters prefer:
sand or gravel. Prepare a tank with gravel on one end and sand on the other. Introduce one or
more lobsters to the tank; be sure to leave undisturbed. On a daily basis, over a period of five
days, observe and record the location of the lobster s!. Compile the data in a single table.

GLOSSARY

AccBmatizing: To become accustomed to a new environment.
Aseptic: Sterile, without the presence of microorganisms.
Broodstock: Adult clams retained for spawning.
Calcareous: Describing something that contains calcium carbonate.
Contamination: Being polluted or impure as a result of being in contact with another substance.
Detritus: Debris.

Dormancy: The inactive state of an organism.
Filamentous: Having long threads or filaments.
Inoculating: Putting an organism into a growing medium with the intention of culturing it.
Dinoflageiiate: A marine single-celled alga with two flagella, or threadlike projections, used for
movement.

Monitor: To watch or observe.

Optimal: The best, in reference to environmental conditions,
Toxic: Poisonous or harmful.
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