
salmon in the classroom

[image: C:\Users\cherianderson\Pictures\images 3\Clip Art\USFWS_Logo_Color\usfws_logo_color.tif]u.s. fish and wildlife service
Columbia River Gorge 
National Fish Hatchery Complex
Salmon in the Classroom
3
brought to you by:
Columbia Gorge 
Information & Education Office
61552 State Road 14
Underwood, WA  98651
Phone 509.493.2934 • Fax 509.493.1830
cheri_anderson@fws.gov
jennifer_rowlen@fws.gov
www.fws.gov/gorgefish




Table of Contents

Introduction	1
Aquarium Acquisition	1
Responsibilities of Teachers/Students	2
Responsibilities of U.S. Fish & Wildlife Service	3
Project Timeline	3
Aquarium Supplies and Assembly	4
Receiving Eggs from the Hatchery	7
Aquarium Maintenance	8
Temperature Units	8
Temperature Unit Chart 	10
Feeding the Fry	11
Fish Release	11
Troubleshooting	12
Publications	13
Books	14
Water Quality Standards	15
Chiller Information	16-17
[bookmark: _GoBack].
Design Customization
salmon in the classroom
[image: C:\Users\cherianderson\Pictures\images\clipart images\alevin2.gif]

1
Introduction
The hatchery works closely with teachers to ensure the program supports local academic standards of learning in math, science, art and social studies.
T
he Salmon in the Classroom program was started in 1991 by the Washington Department of Fish and Wildlife.  However, students at Whitson Elementary School in White Salmon, WA began raising salmon in their classroom in 1985.  The program has grown to provide over 30 classrooms a year throughout the Columbia River Gorge and parts of Portland Public Schools the opportunity for students to rear salmon in their classrooms.  By studying salmon habitat, water quality and the salmon themselves, students can learn more about the interrelationships of species within their local watershed.  In learning how to protect the salmon’s environment, the students are ultimately learning how to protect their own environment.
This manual gives an overview of the U.S. Fish and Wildlife Service (USFWS) Salmon in the Classroom project and provides details about the maintenance of salmon aquariums and the care and feeding of the young salmon.
Aquarium Acquisition
T
he USFWS provides the initial aquarium set-up and accompanying refrigeration units (chillers) to get you started with raising your salmon the classroom.  However, you may be put on a waiting list if not enough units are available in any given year.  If you would like to start the Salmon in the Classroom project immediately, and an aquarium/chiller set-up is not available, you can get funding through another source (such as your school, a local business or community service organization, etc.), the USFWS Salmon in the Classroom program contact can help you with the aquarium set-up and egg acquisition.
If you are interested in receiving information on raising Salmon in your classroom, please send an email or written request to:

U.S. Fish and Wildlife Service
Columbia Gorge Information & Education Office
61552 State Road 14
Underwood, WA  98651
509.493.2934
cheri_anderson@fws.gov

Responsibilities of Teachers
T
eacher/Student Responsibilities:

1. Determining the fish release site.  Is it feasible to release the salmon fry into a local stream; are you returning them to the hatchery, coupled with a hatchery tour; or are you having the hatchery staff pick up your salmon?  Your USFWS contact will help with this.  If you are rearing tule fall Chinook salmon from the Spring Creek National Fish Hatchery (NFH) they must be released at the windsurf site at the hatchery or in the Big White Ponds on the White Salmon River.  Spring Chinook salmon from the Carson NFH must be released at the Carson NFH and upriver bright fall Chinook from the Little White NFH must be released into Drano Lake on the Little White Salmon River.  Klickitat Hatchery salmon may be released at the Klickitat Hatchery on the Klickitat River.
2. Receiving the salmon eggs from the hatchery (your USFWS contact will arrange to bring the eggs to your classroom.  This time can by used to discuss with the students what they are receiving and give them an opportunity to ask questions).
3. Recording the accumulated temperature units (see page 8).
4. Keeping the tank clean (removing dead eggs/fish with net, scraping the sides of the tank free of algae, topping off the tank with water, use water that is chlorine free, the hatchery can supply if needed).
5. Feeding the fish if needed (this includes determining their feeding requirements, see page 11).
6. Informing the school custodian and others about the importance of not unplugging anything.
7. Releasing the salmon (hauling them to an agreed upon release site in a 5 gallon bucket.
8. Cleaning out the tank at the end of use (see page 12).
9. Recognizing that the equipment belongs to the USFWS and is on loan to the school (in some cases the school owns their own equipment).  Unless authorized in advance, the aquarium needs to be used for fish rearing and environmental learning through the entire use period.
Responsibilities of USFWS
U
SFWS Responsibilities:
1. Providing the aquarium tank, chiller and associated start-up equipment (on a loan basis).
2. Assembling the aquarium.
3. Replacing aquarium components.
4. Providing curriculum materials, as well as guidance and advice about maintenance.

5. Delivering live salmon eggs to the aquarium and picking up these same fish for return to the hatchery (if a release field trip in not an option).
6. Coordinating all permits and fish release information related to USFWS, Washington and Oregon Departments of Fish and Wildlife.
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Project Timeline
F
all Rearing (tule fall Chinook salmon from Spring Creek NFH, or spring Chinook salmon from Carson NFH).
Date					Action
September				Schedule a hatchery tour
Mid-October				Receive eyed salmon eggs
November-December			Growth and development of salmon
					In-class programs by USFWS
Mid to Late December			Release of salmon, or return to hatchery
Late December	Not recommended to hold fish too long, if you end up feeding tank problems could arise

Winter Rearing (upriver bright fall Chinook salmon from the Little White Salmon NFH or the Klickitat Hatchery).
Date					Action
Early January				Receive eyed salmon eggs
February-March				Growth and development of salmon
					In-class programs by USFWS
March	Release of salmon with a hatchery tour, or return salmon fry to hatchery
Aquarium Supplies and Assembly
T
he USFWS Salmon in the Classroom contact person is available to set up the aquarium for you.  However, if you choose to assemble the aquarium yourself, the following is a list of materials and instructions for installation.  Feel free to contact the USFWS representative for guidance.  The aquarium should be set up and running at least one week before the eggs are delivered.  This ensures that all the parts are working, the temperature is regulated correctly, all the chlorine and other gases have evaporated (if using tap water).
Below is a list of equipment USFWS uses for its Salmon in the Classroom aquariums.  Other than the chiller, this equipment can be purchased locally at various pet or department stores.  
· 1/6 HP Aquarium Chiller
	Glacier Corporation
	2800 S. Main #K
	Santa Ana, CA  92707
	714.557.2826
	www.glaciercorp.com

· 20 gallon High tank (24” x 12” x 16”)
· Whisper In Tank Filter (up to 40 gallon tank)
· Whisper Bio Bag Disposable Filter Cartridges (3 pack, size Large)
· Whisper Air Pump (up to 20 gallon tank)
· Clear Air Line Tubing (8 feet)
· Check valve
· Air Stone
· 25 lb bag of large gravel (natural colors)
· Small net 
· Turkey baster (to remove dead eggs/fish)
· Tank vacuum siphon
· Aquarium thermometer
· 5 gallon bucket (for fish transport)

Additional items your USFWS contact person could bring you include:  a salmon life-cycle poster, salmon life stage vials showing stages of salmon egg and fry development and salmon curriculum.  Available upon request and checkout system are “fin bins” which contain a plethora of educational resources including hand puppets, identification manuals, life cycle poster display, salmon videos and more.

Points to Ponder…
Before setting up your aquarium, ask yourself these questions:
· Is there room for the aquarium to sit in a quiet corner without direct sunlight?
· Is the stand or table for the aquarium stable and level? Remember the tank will weigh several hundred pounds when set up.
· Are there electrical outlets close at hand?  Is it a Ground Fault Current Interrupt (GFCI) outlet?  Check with maintenance staff.
· Is there room for the chiller to sit next to the aquarium?
· Is there ample room for student viewing of the set up aquarium?
Aquarium Assembly…
Your aquarium should be set up and ready to go when it arrives at your classroom, if it is not, or you choose to set it up yourself, follow the instructions below.

1. Rinse the tank thoroughly using tap water.  If you are using a second-hand tank or have had another species of fish in the tank, you may want to use a very mild chlorine solution, being careful to rinse thoroughly as the chlorine will kill the salmon.  A scrub brush may also come in handy for hard-to-remove grime.  If the aquarium is not being placed in front of a dark background, it is advisable to tape dark paper to the backside of the aquarium, as the fish will feel more at home.
2. Pour the gravel evenly over the bottom of the tank
3. Place the chiller next to the aquarium.  The metal refrigeration unit sits against the back wall of the aquarium.  The refrigeration tube (large & black) is somewhat short and awkward to work with.  Be sure not to pull or bend it in a direction that is forced.  Also be sure not to block the air intake side of the chiller, this could cause overheating of the unit.  Keep the area clear of papers or books etc. (See pictures)
4. Fill the aquarium with water.  If using tap water, it is essential to have the tank sit for at least 5-7 days.  You can also add the recommended amount of an additive to remove heavy metals and chlorine from the water (ex.  Premier, Start Right).
5. Assemble the Whisper 20-40 filter.  This unit hangs on the top of the aquarium.  It needs to be filled about ¾ full with water before plugging in.  The water will be pulled up through the tube that extends down into the aquarium, and water will cascade through the unit and out the top, back into the aquarium.  There is an adjustment for faster or slower flow.
6. Place the thermometer in the tank.
7. Attach the clear tubing to the aerator.  Place the check valve about ½ way down the tube and the air stone at the end of the tube.  Wrap the tube and air stone around/through the chiller coil to keep it down toward the bottom.  You can bury the air stone in the gravel to keep it down.  
8. Plug the chiller, filter and aerator into a power strip.
9. Turn on the outlet strip switch to start the aquarium.
10. The temperature on the chiller should be set around 49 ° F.  If the chiller needs adjusting, directions are located on page 18 of this booklet.  If may take several hours for the water to reach the desired temperature.
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Receiving Eggs from the Hatchery
T
[image: ]he eggs you will be receiving are in the “eyed egg” stage.  This means they are about 30 days old and are less susceptible to mortality.  The eggs will be a week or two from hatching.  The first week or so is very exciting for the students, as the eggs will “jump” around a bit and you can actually see them moving inside the shell.  They are referred to as eyed eggs because the eyes are visible through the egg shell.  If you are recording temperature units, the class can calculate approximately when the eggs should hatch according to species of salmon you are raising (see page 8 for more information on temperature units).

Some teachers schedule a field trip to the hatchery prior to receiving the eggs, others get a hatchery tour at release time to learn more about hatchery operations.

Aquarium Maintenance
B
efore the eggs hatch, aquarium maintenance is minimal.  During the early days of the project, the most important part of aquarium maintenance will be to remove dead eggs.  Dead eggs turn white and should be removed as soon as possible to avoid contaminating surrounding healthy eggs.  Dead eggs can be “picked” by using a turkey baster or fish net.

Water changes are minimal during this early time.  If water evaporates we can get replacement water from the hatchery for you or you can fill a bucket with tap water and let sit at least 24 hours to release chlorine and other gases prior to putting into the aquarium.
As the eggs begin to hatch, a chemical reaction causes the shells to disintegrate.  A layer of foam or scum, which can be skimmed off using a dip net or a strainer lined with a coffee filter, may accumulate at the top of the aquarium.  The aquarium water may be cloudy for several days while the eggs are hatching.
After hatching, the alevin (as they are now called) spend several weeks feeding from a yolk sac (like a built in lunchbox).  Until the time when the yolk sac is absorbed and you begin feeding (if feeding is needed) your fish (now called fry), there is little aquarium maintenance to be done.  
[image: ]Temperature Units
T
he temperature of the water in which a fish spends its life is crucial.  Temperature affects everything from the amount of food fry require to how much dissolved oxygen the water will hold to the rate at which the egg/alevin develops.
By recording the temperature of the water each day at the hatchery, fish culturists are able to calculate approximately when the eggs will hatch and when they will emerge after absorbing their yolk sacs.
Temperature units (also called thermal units and degree days) are calculated by taking the day’s average temperature and subtracting 32.  For example, 32 is subtracted from the day’s average temperature of 47 degrees, which equals 15 temperature units.  Each day’s temperature units are then added to the previous day’s to represent the accumulated temperature unit (TU).  As the table below shows, approximately 800 TUs are needed before the egg has developed enough to hatch.  The chart on the next page can be copied and used to track temperatures and TUs.  The hatchery representative can tell you how many temperature units have accumulated on your batch of eggs when the eggs are delivered to your classroom.  All fish may not hatch at 800 or 900 TUs.  Some may hatch premature and others later.  This is okay, as fish are individuals and have minds of their own
Accumulated Temperature Units for Fall Chinook Salmon
Fertilization				0 
Rapid Cell Division			10 
Tiny embryo formed			100
Embryo grows larger			200
“Eyed” egg				500
Hatch					900
Emergence from gravel			1500
In addition to the TU chart on the next page, you also may want to develop a chart to monitor the aquarium on a daily basis.  You may want to ask your students to check the aquarium each day to ensure that the chiller is plugged in, bubbles are streaming from the aerator and the filter is working properly.  
[image: ]Temperature can be adjusted to accelerate or slow down development.  Start tank at 50° F.  If you already have a date plan for release, you should make sure the fish have developed enough to have their yolk sacs absorbed and that the fish are swimming with vigor by that release date.  You can raise the temperature up to 54°F and the fish will develop faster and be more active by the release date.  Check with your hatchery representative prior to bumping the temperature up too far.
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Feeding the Fry (if needed)
A
s the alevin absorb their yolk sacs, skin grows over the diminishing sacs, creating a “buttoning-up” effect.  You will hear this term often in the fish culturing business.  The time to begin feeding the fry is when most of the sac is absorbed but you can still see just a pinkish bubble or slit of yolk sac.  As the sac is absorbed, the fish receive a diminishing amount of nourishment and begin to need supplemental feeding.  A majority of the fish need to have absorbed their yolk sacs and be actively swimming around to start feeding.  Do not start feeding if only a few fish are swimming and most are simply sitting on the bottom of the tank with yolk sacs remaining.  However, caution is advised!  Feeding too early may be fatal to the fish, as their digestive tracks may not be fully developed yet.  Studies also show fry can survive for weeks without any long term affects.  If you are releasing your salmon, you may not even need to feed depending on timing.  Overfeeding can be a problem in classrooms.  Too much food can cause the tank to cloud up and smell foul.  Only a pinch of food should be given at first.  You may work up to twice a day as the fry continue to develop.  
Feeding….

Just a pinch to start.  Put a small pinch in the tank to see if the fish go after the food.  It might take a few minutes for them to find it.  The food will float on top for a bit…watch them until the food starts to filter down through the water.  If the fish go after the food, give another pinch.  After that, feed in the morning and afternoon.  On Fridays give them a bit more, and you don’t have to worry about feeding over the weekends, unless you are at the school and want to feed them.  Overfeeding is our biggest fear!  If you feed and the food simply falls to the bottom, it will fungus up the bottom and lead to water quality problems.  The fish don’t typically feed from the bottom.  If they don’t eat it as it floats down, it will simply collect on the bottom and cause issues.

If you have questions or concerns please call or email your program representative right away.

If you start to have fish die………call us immediately!!  Once they start to die, they go fast.

Fish Release!
F
ish release is an important part of the Salmon in the Classroom program.  This is an opportunity to bring the rearing to a close and bid farewell to the salmon fry.  An opportunity for students to actually put their fish into the river and watch them dart around on their way out to an Incredible Journey!  If a field trip is not possible, we can arrange to have the fish picked up and we will release your salmon into the appropriate watershed.  Stop feeding the fish 24 hours before you release them.  Feeding fish before releasing them is like giving them a big Thanksgiving dinner and then asking them to run a marathon!

Transporting Fish

1. Fill a 5 gallon bucket (the kind with a lid is wonderful, you won’t lose a lot of water!!) about ¼ full of ice
2. Line the bucket with a garbage bag.  The ice goes under the bag not inside of it.
3. Put water from the tank into the bucket – approximately 1.5 gallons.  However, you don’t want the bucket to be too full or it will slosh over.  Probably, 2/3 full with both the water and ice would be just about right.
4. Use the net to get the fish out.  This can take some time.  Those guys are quick!  
5. Blow the garbage bag up with air and tie it off with a rubber band.  This gives the fish a little extra oxygen and helps prevent sloshing.

Things to keep in mind:
· The process usually takes around 45 minutes.
· You want to stop feeding the fish the day before transport, if you are feeding.

Cleaning the Tank

It’s a fairly simple process.  Just rinse everything off with very hot water (tap water works just fine).  Make sure not to use any sort of cleaners or bleach to clean the rocks or other equipment.  Allow all to air dry prior to storing.

Trouble Shooting
	SYMPTOMS
	DIAGNOSIS
	TREATMENT

	Eggs or fish start to die shortly after tank has been set up
	New Tank Syndrome.  This occurs when a healthy population of natural bacteria has not been established before the eggs enter the aquarium.  
	To avoid this problem, set up the tank early.

	Alevin die within a few days of hatching.
	Dead eggs or alevin left in the tank may cause nitrogen levels to rise to toxic levels.
	Remove eggs that have turned milky white or have fungus.



	Fry die shortly before or after yolk sac has been absorbed.
	Fry may have coagulated yolks.  Small flecks may be apparent in yolk sac.  Many causes, one of which is rough handling before eggs “eye up.”
	No treatment.  Some fry survive coagulated yolk sac disease; severe cases cause death.

	After “buttoning up” a small percentage of fry fail to grow or thrive.
	Called “pinheads,” these are fry that are smaller and weaker, and they tend to stay towards the bottom of the tank, thereby getting less to eat.
	Special care can be given by providing more food or more frequent feedings to ensure all fry are feeding.

	Fry begin to die shortly after feeding and water changes begin.
	Water changes may be too stressful.
	Be careful of the water supply of additional tank water.  Use only hatchery water, or water that has sat out for at least 24 hours.

	The water is extremely cloudy.
	Fish are probably being fed too much.
	Change out some of the water, especially if the water smells foul.  Replace filter.  Reduce feed.

	Fry swim upside down or roll over when at rest.  Minute bubbles may be apparent in the fins.
	Called gas-bubble disease; caused by nitrogen supersaturated water.
	No treatment.  The few that survive may continue to be anemic and have balance problems.

	Fish tails turn black.  Eventually the whole fish turns black and begin to die.
	Cold Water Disease.
	Treatment:  contact your USFWS representative for further instruction.

	Water temperature is not correct, too high or low.
	Improper chiller function.
	See chiller instructions, which should be attached to the chiller, or in the back of this booklet.



Publications…
Field Manual for Water Quality Monitoring Mitchell, Mark K. and William B. Stapp.  Thomson-Shore Printers
Pacific Salmon Life Histories Groot, C. and L. Margolis, 1991.  University of British Columbia Press.
[image: ]Program Evaluation:  Salmon in the Classroom:  1991 – 1995  Long, Bonnie, 1998.  Washington Department of Fish and Wildlife.
Books…
Adopting a Stream:  A Northwest Handbook  Yates, Steve.  University of Washington Press, Seattle 1988.
Come Back, Salmon Cone, Molly.  Sierra Club Books, San Francisco, 1992.
Mountain in the Clouds:  A Search for Wild Salmon  Brown, Bruce.  Simon and Schuster, New York, 1982.
Reaching Home – Pacific Salmon, Pacific People  Jay, Tom and Brad Matsen.  Alaska Northwest Books, 1994.
Salmon Story  Guiberson, Brenda.  Henry Holt and Company, Inc.  1993
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Water Quality Standards
T
able 1:  Water Quality Criteria taken from UFWS Fish Hatchery Management, Piper et al.
	PARAMETER
	STANDARDS

	Aluminum 
	<1.01 ppm

	Ammonia
	<1.0125 ppm (un-ionized form)

	Cadmium
	<1.004 ppm

	Carbon Dioxide
	0-10 ppm

	Chlorine
	<0.03 ppm

	Dissolved Oxygen
	5 to saturation

	Iron
	<0-0.15 ppm

	Lead
	<0.03 ppm

	Nitrate
	<0-3.0 ppm

	Nitrite
	<0.1 ppm

	Nitrogen
	Max total gas pressure 110% of saturation

	pH
	6.5-8.0

	Phosphorus
	<0.01-3.0 ppm

	Temperature
	0-15°C or 45-55°F

	Total Dissolved Solids
	<80 ppm

	Total Settleable Solids
	<80 ppm
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