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Courses for which this lesson is intended:


-Biology


-Earth Science


-Environmental Science


-Chemistry


-General Science

Learning activities employed in this lesson:

Students will research the various aspects of transgenic salmon.  Students will then be placed into stakeholder groups, which in turn will create posters intended to sway voters for or against the creation of transgenic salmon.  The project culminates with an individual position paper on the subject.

Ethical categories that best describe this lesson:


-Environmental issues


-Bioethics


-Governmental / Legislative 


-Economic Issues


-Community Concerns


-Special Interests

Washington State EALR’s:

1.1.3-L, 1.2.3-P, 1.2.3-L, 1.3.3-L, 2.1.3-Q, 2.2.3-E, 3.1.3-I

	Timeline for the Transgenic Salmon - Bioethics Module


	Day / No. of period
	Events / Activities for the Day
	Remarks

	Day 1 – 1 period lesson


	· Set the stage for the module

· Elaborate on the background information regarding the case study

· Form Fact Finding Groups

· Debrief on the roles of each members of the fact finding groups

· Fact Finding for the students via internet / library
	1. Materials needed:

· Relevant brochures

· List of relevant websites

· Case studies

· Reports / models of fishes (traditional / transgenic organisms)

2. Group Report – allow teacher to check if students are on the right track.



	Day 2 – 1 period lesson
	· Finish with the Fact Finding

· Write the group report

· Ask students to bring in magazines, recyclable materials, writing materials
	

	Day 3 – 1 period lesson

(may require more than a day)
	· Inform students regarding the stakeholders involved

· Random grouping / Selective grouping of students into the roles that they will be in as one of the stakeholders

· Inform students regarding the next assignment – Poster making

· State the rationale and the assessment involved behind the Poster making

· Inform students that the posters will be pasted on designed hallways for students of other Science classes to vote on for the next 2 days


	1. Materials needed:
· Magazines, painting materials (ie, crayons, poster colours, markers), butcher paper, newspaper

· Drawing paper, A4 papers

· Stakeholders biodata

2. Posters from students

· The theme of the posters will be the role of the stakeholders that they are acting as.

· Students are informed that they are to pull as many votes as they could with the posters that they make to their side .

3. Posters will be posted in the hallways for the next 2 days for the other Science classes students to vote.

	Day 4 – 1 period lesson
	· Votes to be collected from the other classes for the popular side most people will take in this module

· Write a page reflection essay on their thoughts on this module on transgenic salmon
	1. Votes from other classes

2. Reflection Essay

	Spliced Salmon on Rye


By Steven Fondriest
http://www.ucsusa.org/Nucleus/00wi.salmon.html
The nation's first transgenic fish could soon be served in a kitchen or restaurant near you. According to news reports, the Food and Drug Administration is currently reviewing an application to market gene-altered Atlantic salmon that grow far faster than normal.

If the FDA approves this engineered salmon, the transition from laboratory to sandwich could be rapid. The company seeking the approval, A/F Protein Inc., claims to have orders for upward of 15 million engineered salmon eggs.

Eyes Wide Shut
While the decision to approve or not approve this engineered salmon will set precedents for future regulation of transgenic fish and other animals, information about the regulatory process is sparse. Although the FDA's website acknowledges inquiries made about the salmon, it has not posted the application for the transgenic fish, nor does it even admit that an application has been received. What UCS has learned about the fish we have pieced together from newspapers, science magazines, and, to a limited degree, industry sources.

From what we know, the FDA is reviewing an engineered Atlantic salmon containing genes that stimulate the fish to grow to market size in about half the time it takes normal salmon. Researchers accomplished this by inserting two foreign genes into the fertilized eggs of the fish. The first gene, which produces growth hormones, is taken from the Atlantic salmon's cousin, the Chinook salmon. The second gene, from the ocean pout -- a more distant fish-relative -- is a "promoter" that activates the first gene. The pout promoter gene was selected because this fish produces growth hormones year round. The new promoter disrupts the salmon's normal cycle, which produces growth hormones only during the warmer, summer months. 

No Free Lunch
In aquatic biotechnology, a major goal is the improvement of growth rate and disease resistance. A/F Protein is touting its fish as the first of many newly enhanced animals that will supply abundant food at lower costs.

But not everyone in the salmon industry is convinced. Some have voiced strong opposition. The rapid growth of commercial fish farming over the past decade has led to sharp decreases in salmon prices. Once commercially available, transgenic salmon could flood the market, driving down the price of farmed salmon even further. Falling prices could put some farmers out of business while forcing others to accept the new technology -- willingly or unwillingly -- for fear of losing out economically. 

The possible approval of the first transgenic fish raises many of the same fears and concerns as the registration of transgenic crops. Could these fish damage the environment? Are there health consequences from eating them? 

Ecologists express great concern about engineered salmon. They fear that transgenic fish, if they are released -- or escape -- into the wild, may wreak havoc on native salmon populations. Concerns about escape are well founded. Farmed salmon are traditionally grown in ocean netpens and these cages are not escape-proof. Storms and hungry animals can damage netpens, releasing large numbers of fish. 

The release of transgenic fish into the wild could have many ramifications, from competition with wild populations to ecological disruptions, and perhaps even to extinction of native salmon -- a possible result of the Trojan gene effect discussed in the sidebar. Although industry argues that transgenic fish do not pose great environmental risks, because fish can be made to be sterile, critics note that the technology for producing sterile fish is not foolproof. 

There are also questions about whether transgenic fish will be safe to eat. As with transgenic soybeans and corn, little scientific work has gone into protocols for testing the safety of transgenic foods. 

Holes in the Regulatory Net
The FDA has not issued a formal policy statement on how it intends to regulate transgenic food animals, although a question-and-answer feature on its website provides some hints. It indicates that the FDA will not seek to regulate them as food. Instead, the agency will use the regulations that govern the substances the animals have been engineered to produce. If the new substance is considered a drug, the engineered animal will be regulated as a drug. If the substance is a food or color additive, or a vaccine, the FDA will regulate the engineered animal under the statutes appropriate to those substances. Because the growth hormone the transgenic salmon will produce is considered a drug, the salmon will be regulated under the FDA's veterinary drug statutes.

Why is the FDA using drug laws to regulate fish? Although the agency has provided no explanation, the answer probably stems from the inadequacy of the regulatory framework that governs biotechnology. In 1985 the Reagan administration decided it would not seek new legislative authority to regulate novel biotechnology products. Instead, it would rely on existing statutes and regulations. Thus, agencies must choose from among the statutes they administer those best suited to regulate the new products. 

Some of the existing laws are a good fit. The drug laws, for example, do a good job of regulating such biotechnology drugs as insulin. But the framework's gaping holes come to light in relation to transgenic animals. 

The food laws might seem like the proper choice for a product intended for the table. But they would not require that transgenic animal foods be reviewed for health and environmental risks before they go to market. Generally, food laws provide authority only for responding to risks that manifest themselves after foods are marketed. If the FDA wants to allow pre-market review of the fish, then regulating fish under the drug laws makes sense. Those laws provide the FDA with the authority to examine the risks entailed by products before they go to market. 

Although the FDA deserves credit for choosing its strongest laws, the drug laws are not well suited for regulating transgenic animals. For one thing, some transgenic animals may not produce substances that qualify as drugs and, as a result, may slip through the regulatory net. In addition, the drug laws allow little public participation in product review, which is unacceptable in the case of genetically engineered food. 

The weakness in the framework may also help explain another odd feature of the FDA's regulation of transgenic fish: the entry of an agency with little environmental expertise into the arena of environmental risk assessment. It seems likely that the FDA is moving to fill a vacuum, since no other federal agency has readily applicable statutes that would permit review of genetically engineered animals. While this boldness may be admirable, the result is strained. Besides having little experience, the FDA has few legal tools to oversee ocean aquaculture or to enforce any limitations it imposes. Even though, according to the Washington Post, the FDA is willing to accept input from federal agencies such as the Environmental Protection Agency, which has more experience with environmental assessments, it is still not the right agency for the job.

Coming Soon to a Supermarket Near You?
There is no official word yet on the timetable for the FDA's work. According to articles in the New York Times and Nature, the agency may take a year or more to finish its review of A/F Protein's application and decide what research it will require to assess the risks to human health and the environment. 

Furthermore, even if the FDA approves the engineered salmon for human consumption, fish farmers may need further approvals from the Fish and Wildlife Service and the National Marine Fisheries Service before they can place the fish in coastal waters. These may prove major hurdles, especially in light of the recent listing of some Atlantic salmon species as endangered. Net pen farming of salmon on the East Coast is already a major threat to the survival of wild Atlantic salmon.

Behind the Floodgates
While a faster-growing salmon is the first transgenic fish the biotech industry is seeking to introduce to US markets, it will certainly not be the last. Scientists worldwide have altered the genes of at least 30 other aquatic species, including flounder, carp, lobster, and shrimp for both scientific study and commercial production. And on the farm, pigs that produce meat with less fat, chickens that resist bacterial infections, and cows that can grow faster on less feed are also said to be in the pipeline. 

It's important that the decision to approve or not approve this first transgenic animal be done well. The FDA's bold, but inappropriate, approach to regulating the salmon should focus attention on the need for new legislation tailored to the animal food products of biotechnology, particularly fish and shellfish. UCS will monitor regulatory activities concerning transgenic animals as we have long done for engineered plants. We'll evaluate and publish the risks. And we'll work to ensure that you and other members of the public have the opportunity to make your voice heard as transgenic foods move through the regulatory process.

http://www.ucsusa.org/Nucleus/00wi.salmon.html
	Case Study
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The Use of Genetically Modified Atlantic Salmon (Super Salmon) as a commercially available food source.
Background
Due to their superior taste and nutritional benefits, salmon have been a prized food source in the Northwest, and many other regions of the world, for the past 150 years.  Additionally, they have been a key food staple for many Native Americans for centuries.  Because of their declining numbers and subsequent efforts to save many salmon species from decline and eventual extinction, the yearly harvest of these fish has been curtailed, and in many instances, totally eliminated.  In response to these unfortunate circumstances, several commercial ventures have been initiated in order to make salmon more easily available to the consumer at a lower cost.  Initially, farmed salmon, as they are popularly known, were either Atlantic salmon or Native salmon species such as Chinook or Coho.    These fish were raised in pens, typically ocean, on ideal diets to maximize growth outcomes.  Once they had reached the desired maturity, they were processed and shipped on ice to the appropriate commercial distributor or restaurant.  However, with the recent earth shaking research regarding transgenic organisms, a company known as A/F Protein (Waltham, MA) has produced a transgenic Atlantic salmon that exhibits tremendous growth potential as well as heightened feed conversion efficiency.  What all this amounts to is quicker turn around in product with lower environmental impact than tradition salmon aquaculture involving Native or Atlantic salmon species. 

However, traditional salmon aquaculture has always faced opposition from various interest groups including commercial fisherman and environmentalist.  The development of the transgenic Atlantic salmon for use in aquaculture has faced even stiffer opposition from the same groups as well as opponents of GM (genetically modified) foods.  This new oppositions’ principle argument is that GM foods (salmon included) have not been satisfactorily tested and therefore are not safe for human consumption.  In addition, environmentalist groups such as Green Peace contend that transgenic salmon pose a risk to the natural environment because these fish, if accidentally released, could out compete native species or somehow transfer their genes into the native population.  However, since Atlantic salmon cannot mate with salmon species native to the Northwest (Coho, Chinook and others), this argument may not be valid.  The one possible valid scenario is the possible escape and mating of transgenic fish with pen raised wild Atlantic salmon that have also escaped at the same time.

GM Atlantic Salmon are currently being tested by the FDA (Food & Drug Administration) for approval for human consumption.  These salmon carry a gene that codes for the production of Chinook salmon growth hormone that is automatically delivered into the tissues of the fish thus increasing their growth.  The Chinook GH gene has additionally been coupled to the Antifreeze (AF) promoter region, allowing its continual production once inserted into the fish genome.  As mentioned earlier, the FDA is currently testing the fish tissue to ensure that its consumption will result in no deleterious effects on human health.  Elliot Entis, CEO of A/F Protein Inc. (company holding the patent on GM Atlantic salmon), says that they have solved the problem of environmental concerns by producing a stock of these fish that are sterile females.  Thus, even if one or several of them escape, they will not be able to produce young or interbreed with Native populations resulting in a hybrid Native/Transgenic salmon species.  As stated earlier, they also have exhibited increased feed use efficiency thereby allowing them convert more food into tissue more rapidly than native counterparts.  This also means that with less feed being thrown into pens, there is a corresponding decrease in environmental impact due to pollution generated from wasted feed.

Growth hormone genes are normally expressed in the pituitary gland under the control of the central nervous system (CNS). In order to bypass the CNS control, it is necessary to modify the tissue specific elements of the gene so that expression can take place elsewhere. In order to accomplish this, the Chinook GH genes were coupled to the antifreeze gene from Atlantic Pout effectively enabling the GH to be expressed continuously throughout the year (not just during warmer months) in the tissues of the salmon.  Once the GH/AF gene constructs were produced, they were microinjected into the fertilized eggs of Atlantic salmon.  Only 2-3% of the resulting fry exhibited expression of the gene.  These fish were then mated to wild fish with the resulting progeny being mated amongst themselves.   Of the resulting fry, approximately 75% of them will express the GH protein and grow 3 to 6 times more rapidly than their wild counterparts.  In general, the transgenics grow most rapidly during their first year and reach market size (3 to 4 kg) a year earlier than do non-transgenics grown commercially in Atlantic Canada. 

Setting the Scene

A corporation known as Transgensalmon, based in Canada, is proposing to build an experimental facility to raise transgenic Atlantic salmon for sale and distribution to commercial seafood markets worldwide.  Since transgenic salmon have not been approved, the meat would be sold at lost cost for pet food production until expected FDA approval (2 years).  The facility they are proposing will be located in Hoodsport, Washington.  Once the facility has reached its peak operating efficiency (2 years), it will be producing 3 million mature Atlantic salmon (3-4 kg each) per year.  These salmon would be raised from eggs to adult in a period of 1 year, twice as fast as conventional farming methods.  The salmon would be raised in ocean net pens located 200 yards off shore.  Upon reaching maturity, they would be transferred to a large processing plant, located on shore, for cleaning and packaging.  The facility would employ approximately 150 people, with most jobs paying an average of $12 per hour with benefits included.  The Hoodsport area is currently experiencing an economic downturn because of the lack of viable industry and a decrease in recent tourism.   If this facility is a success, and the market can support it, additional transgenic salmon farming operations would be constructed at sites around the Puget Sound area.  This area offers tremendous potential because the waterways offer ideal salmon rearing conditions and because of their proximity and ease of access to SeaTac International Airport.  This airport offers direct overnight flights to all major U.S. and world markets.

The city council has held numerous public meetings on the issue and has met in private session on numerous occasions to discuss possible solutions to the dilemma.  They have decided to hold one final meeting for any interested stakeholders to present their arguments for or against the proposed facility.  Each stakeholder group must produce a poster that addresses their main points of their argument for or against the Transgensalmon facility.  Each will have 5 minutes to present their posters and upon adjournment of the meeting, all citizens of Hoodsport will vote on the issue.  As one of these stakeholders, you must create a poster that best summarizes your arguments for or against this facility.

	Stakeholders Involved


Kenny Black



State Biologist

Dr. Robin Harper


President of the US Consumer Panel 

Brenda Maldow


CEO of Trangensalmon Ltd. (Canada)

Yann Le Gay



Fish Farmer

Bistow Muldoon


Representative of the local citizen group

Monica Liew



Young Mother

Kenny Black
       
       State Biologist


You are 40 years old. You carry out research in fish physiology and genetics. The mayor asked you to participate in this public debate as an expert. Naturally, you are very familiar with the research of transgenic animals and especially in salmons.

According to you, the transgenic fish grows 3-6 times faster than the traditional fish counterparts.  Some studies have shown that transgenic salmon utilize feed supplies 20% more efficiently than that of their wild counterparts.

There are environmental concerns related to the possibility of escape of net pens resulting in possible hybridization with wild salmon.  In order to prevent transgene from being transmitted to wild salmon, your research team has developed methods of sterilization. 

Dr. Robin Harper
       President of the US Consumer Panel 

You are 50 years old. You are well informed about the research carried out on transgenic salmon. While no federal laws specifically govern the regulation of genetically engineered animals grown for human consumption, the U.S. Food and Drug Administration (FDA) has made the informal decision to regulate transgenic fish under its authority to review new animal drugs.   The FDA is currently reviewing the safety related to human consumption of the transgenic salmon.
Brenda Maldow
       C.E.O. of Transgensalmon, Ltd.


You are 45 years old. You are leading your company into a new era of farming transgenic salmon instead of the traditional wild Atlantic salmon.  Your company is based in Vancouver, B.C. and you currently have 10 traditional salmon farming facilities located on both the eastern and western seaboards of Canada.  If this experimental facility is a success, you will slowly convert all of the company’s facilities to the farming of transgenic salmon instead of wild Atlantic salmon.  The transgenic salmon will provide larger amount of steaks of similar size and their flesh seems to be good raw materials for low calorie ready made dishes, which in turn would create a greater source of profit. 

However, you are worried about consumers’ possible rejection of the product if you have to mention genetic modification on the packaging.

Yann Le Gay
                   Fish Farmer


You are about 32 years old. You have just taken over the running of the family fish farm, which is located in a secluded harbor on Whidbey Island. Your family’s farm was the first salmon farming operation in Washington and also the largest.  You are making a good living farming the traditional wild Atlantic and native Chinook and Coho species of salmon.  However, in recent years, foreign farming operations in Canada have started putting severe pressures on your operation because of the market competition they have introduced.  With the introduction of this new farming operation, you could be driven out of the business.   

Bistow Muldoon
      Representative of the Local Citizen Group


You are 35 years old. You are the leader of an environmental association and a local city council member.  You are well informed about the research carried out on transgenic salmon.

According to you, Norwegian fjords abound with lines of “domestic” fish that have escaped from the immersed cages in the open sea during storms. Between 5 and 30 % of the fish caught in the sea come from fish farms.

You raised many questions:

1. If these transgenic salmon escaped accidentally, would they post ecosystem disequilibrium?

2. Can transgenic salmon contribute to a reduction in biodiversity? 

3. Would it be possible for the transgene to be transmitted to wild salmon? What could be the possible consequences?

4. Can the transgenic salmon be reliably confined to prevent them from escaping?

Monica Liew

      Young Mother


You are 27 years old. You have a degree in Genetics from the University of Washington. You are the mother of Janet who is a year old. You find that it is important that you feed her with organically-grown products. You use alternative health care for her. 

Being opposed to any unnatural treatment, of course, you are against the production of transgenic animals, notably transgenic salmon. You are particularly afraid these products will penetrate the market without you knowing about it, unidentified, unlabelled as often happens for food irradiated to give it a longer shelf life.

	Extended Activities


1. Have students write a 5-paragraph essay telling how their opinion has changed or 


solidified their stance on the transgenic salmon issue.  Provide details to support

their position.

2. Have each group make a poster/placard to represent each stakeholder present. 

This can be in the image of a fish or some other object that best represents the stakeholder’s view on the issue.  There are five different stakeholders represented.


-Executive of the fish company


-State fishery person


-Salmon consumer group


-Commercial fishermen


-Local citizen group

     3.
Enlist the help of your social science staff members and make this an 


interdisciplinary project. 



-Government class will focus on policy making issues.



-English class will focus on communicating the transgenic salmon issue



  with the local newspaper.



-Environmental science class will focus on showing potential 



 environmental impact of transgenic salmon.



-Biology class will focus on explaining how transgenic salmon



 are created and how they are different from wild salmon.



-Mathematics class will focus on presenting relevant measurable data



 from  each interdisciplinary group.

4. Consider this assignment an all-school activity. Have each department cover 

those issues that pertain to their subject areas. Consider an all-school presentation at the end of the project.

5. Extension of Task # 2: Write a concise position paper to give the representative of the USDA at the Town Hall meeting. Substantiate your points by citing research sources you have consulted. Use the key points of this paper in your oral address at the meeting. 

	Transgenic Salmon Fact Finder Rubric


	Criteria
	Received
	Possible

	Definition of topic

15 points:  States what the topic is and gives appropriate vocabulary and background.

8 points:    1 of 2 points stated.

0 points:    No viable answer.
	
	15

	Research Quality

15 points: Includes answers to: Why is this topic important to consider, what other topics does it impact, what are the current research areas in this topic, with comprehensive relevant factual information.

10 points: 3 of 4 questions answered.

7 points:   2 of 4 questions answered.

3 points:   1 of 4 questions answered.

0 points:   0 of 4 questions answered. 
	
	15

	Primary Investigators

10 points: Listing of companies, governmental units, or individuals that are concerned with this topic (with supporting citations)

5 points:   Listing of companies, governmental units, or individuals that are concerned with this topic (without supporting citations)

0 points:   No listing of companies. 
	
	10


	Spelling and Grammar

One point deduction for every two mistakes.
	
	5

	References

5 points: At least six sources referenced according to MLA format

3 points: At least six sources referenced with inappropriate formatting or 1-5 sources listed.

0 points: No references.
	
	5


	Final Score
	
	50


	Transgenic Salmon Poster Project Rubric


	Criteria
	Received
	Possible

	Clarity

10 points: Poster is easily understood by uniformed bystanders.

(Vocabulary words are defined on the poster, technical procedures are explained)

5 points: Poster contains vocabulary or procedures unfamiliar to the general public.

0 points:  Poster is not readable by the general public.
	
	10

	Data

15 points: Poster contains at least three citations of supporting data.

10 points: Poster contains two citations from data

5 points:   Poster contains one citation from data.

0 points:   Poster contains no citations of data.
	
	15

	Purpose

20 points: Purpose of the poster is clear and easily understood.

(Observer can state the message of poster with ease)

10 points: Purpose of the poster is unclear.  Additional explanation by the authors is required.

0 points:   Purpose of the poster is unclear to the authors of the poster.
	
	20

	References

5 points: At least 3 sources referenced according to MLA format

3 points: At least 3 sources referenced with inappropriate formatting or 1-2 sources listed.

0 points: No references. 
	
	5


	Final Score
	
	50


	Transgenic Salmon Position Paper Rubric


	Criteria
	Received
	Possible

	Definition of transgenic salmon

15 points:  What is a transgenic salmon?

How is a transgenic salmon created? 

Who (what companies) are behind the research?

10 points:  2 of 3 questions answered.

5 points:    1 of 3 questions answered.

0 points:    No viable answer.
	
	15

	Statement of position clearly stated

10 points: Position is clearly stated.

5 points:   Position is vague and non-conclusive.

0 points:   Position not stated.
	
	10

	Support of position

25 points: Scientific data is cited from multiple (3 min.) sources.

15 points: Limited data is cited and/or less than 3 sources.

5 points:   Vague reference to possible data.

0 points:   No data reference.
	
	25

	Other positions

25 points:  Alternative positions stated with data (3 min sources) to support those alternative viewpoints.

15 points:  Alternative positions stated with limited data cited and/or less than 3 sources.

5 points:    Alternative positions stated without supporting data.

0 points:    No alternative positions stated. 
	
	25

	Summary of position

10 points:  Position restated with a key point

5 points:    Position restated without a key point

0 points:    Paper ends without closure
	
	10


	Spelling and Grammar

One point deduction for every two mistakes
	
	10

	References

5 points: At least six sources referenced according to MLA format

3 points: At least six sources referenced with inappropriate formatting or 1-5 sources listed.

0 points: No references.
	
	5


	Final Score
	
	100


	Student Discussion Questions


1. How realistic (in your opinion) is the creation of transgenic salmon for harvest as a food source?  

2. What could happen if these salmon were to escape to the natural environments?

3. Would you eat these salmon?  Explain your position using facts that you discovered during the project.

4. Create an illustration and label how a salmon egg is modified to become a transgenic salmon.

5. If you were to create a transgenic organism, what organisms would you start with and why?  Provide an illustration of your transgenic organism.

6. Compare and contrast the benefits to a developing world nation in using a transgenic organism versus a natural organism as a food source.

7. Compare and contrast the benefits to the United States in using a transgenic organism versus a natural organism as a food source.

8. In your opinion is a transgenic salmon be a new species?  Include your reasons for making this decision.

9. Why are drug laws, rather than food laws, applied to transgenic salmon (and all other transgenic organisms)?

10. What is your opinion on transgenic humans? (Does this change your view on this subject, why or why not?)

	Transgenic Salmon Crossword Puzzle
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Across

2. THIS MAMMAL MIGHT HAVE A "WHALE" OF A GOOD TIME IN A NETPEN

4. GROUP OF ANIMALS THAT MAY SUPPLY ABUNDANT FOOD AT LOWER COST

6. FOOD AND DRUG ADMINISTRATION

8. FISH THAT SUPPLIES "TRIGGER" GENE

9. "HOME" FOR A BIOENGINEERED SALMON

11. SALMON SPECIES THAT IS CURRENTLY BEING ENGINEERED

12. "BIGGER IS NOT BETTER" GENE EFFECT

13. NOT EXTINCT

Down

1. CONCERNING MONEY

3. "HOME" FOR AN ORGANISM

4. GROUP THAT WORRIES ABOUT NATIVE SALMON

5. TYPE OF LAWS USED TO REGULATE TRANSGENIC ANIMALS

7. TO REVIEW BEFORE BEING SOLD

10. SALMON THAT CONTRIBUTES GROWTH HORMONE GENE

	Additional Teacher and Student Resources


Transgenic Salmon:

· http://www.isb.vt.edu/brarg/brasym96/suterlin96.htm - Comprehensive paper covering the production of transgenic salmon and their risks and benefits.

· http://www.netlink.de/gen/Zeitung/2000/000405h.html - Paper outlining the stumbling blocks that transgenic salmon face.

· http://www.fda.gov/cvm/index/consumer/transgen.htm - Information for consumers about transgenic fish.

· http://users.westnet.gr/~cgian/salmon.htm - Paper entitled, “Transgenic Salmon – An Ecological Threat”

· http://www.ucsusa.org/food/upd-fishescapes.html - Web site sponsored by Union of Concerned Scientists outlining their concerns over environmental impacts of transgenic salmon.

· http://www.bioatlantech.nb.ca/rv99/abstracts/sutterlin.htm - Summary of article by Sutterlin regarding a study that looked at the bioenergetics of transgenic salmon.

· http://www.aquabounty.com/aquaculture98.html - Web site for a company that is experimenting with transgenic salmon and other fish species.

Molecular Sites:

· http://www.public.iastate.edu/~pedro/research_tools.html - a phenomenal page for finding out just about anything you need to know for doing molecular biology.  Protocols, databases, programs…

· http://vector.cshl.org/ - Cold Springs Harbor DNA Learning Center page.  Good general page that has many useful related links as well general information about DNA and related topics.

Salmon Sites:

· http://research.nwfsc.noaa.gov/ - Northwest Fisheries Science Center. Home of Linda and Paul. Find out the most recent research results. Get Status Reports on various salmon populations.

· http://www.nwr.noaa.gov/ - National Marine Fisheries Service Northwest Regional Office

· http://www.cbfwf.org/direct.asp - The Columbia Basin Fish and Wildlife Authority has a useful directory of everyone involved in fisheries research and management in the ColumbiaBasin. 

· http://www.tidepool.org/home.html – Daily updates on environmental news from the north Pacific coastal region from regional and national papers.

Salmon Conservation Sites:

Endangered Species Act 

· Endangered Species Act, full text:  http://www.law.indiana.edu/envdec/c.html
· Perkins Coie primer on ESA:  http://mrsc.org/environment/esa/esaprime.htm
· Fish and Wildlife Service primer ESA:  http://www.fws.gov/r9endspp/esasum.html
· National Marine Fisheries Service, "Definition of `Species' Under the ESA: Application to Pacific Salmon":  http://www.nwfsc.noaa.gov/pubs/tm/tm194/waples.htm 

· Endgangered Species page:  http://eelink.net/EndSpp/Endangered.html
Management plans and proposals, reports and commentary 

· NMFS Assessment of Alternatives for Lower Snake River Dams:  http://www.nwfsc.noaa.gov/afis 

· Habitat Conservation Plan from Chelan County Fish and Wildlife/Rocky Reach:  http://www.nwr.noaa.gov/1press/062798_3.htm 

· Columbia River Basin Multi-Species Framework (NMFS, NPPC, state and federal fish and wildlife agencies, tribes, private industry and environmental groups:  http://www.nwframework.org/ 

· Multi-Species Framework Alternatives and Concept Papers Submitted by Various Groups:  http://www.nwframework.org/alternative.html 

· NPPC Fish and Wildlife Program:  http://www.nwppc.org/ftpfish.htm 

· James Buchal, The Great Salmon Hoax:An Eyewitness Account of the Collapse of Science and Law and the Triumph of Politics in Salmon Recovery:  http://www.buchal.com/tgsh/chap7/Table%20of%20Contents.htm
· Tribal Salmon Restoration Plan, Columbia River Inter-Tribal Fish Commission:  http://www.critfc.org/text/TRP_text.htm 

· Criticism of PATH process:  http://www.cqs.washington.edu/papers/jim/handout.html 

· Cumulative Risk Initiative:  http://www.nwfsc.noaa.gov/cri/ 

Private organizations 

· NPPC gateway: links to many organizations involved in the salmon controversy:  http://www.nwppc.org/links.htm
· American Rivers:  http://www.americanrivers.org/ 

· Columbia and Snake Rivers Campaign (for taking out the Snake River dams:  http://www.columbia-snake.org/
· Columbia River Alliance:  http://www.teleport.com/~cra/ 

· Columbia River Inter-Tribal Fish Commission:  http://www.critfc.org/ 

· Northwest Indian Fisheries Commission:  http://www.nwifc.wa.gov/ 

· Pacific Coast Federation of Fishermen's Associations:  http://www.pond.net/~pcffa/ 

· Institute for Fisheries (Pacific Coast Federation of Fishermen's Association):  http://www.pond.net/~fish1ifr/ 

· Oregon Trout:  http://www.ortrout.org/
· Oregon Wheat Growers Association:  http://www.owgl.org/issues.htm
· Pacific Rivers Council:  http://www.pacrivers.org/
· Save Our Wild Salmon:  http://www.wildsalmon.org/ 

· Streamnet, Northwest Aquatic Information Network (established by state fish and wildlife agencies and the tribes):  http://www.streamnet.org/
· Trout Unlimited:  http://www.tu.org/ 

· Washington Forest Protection Association:  http://www.washingtonforests.com/index.html
Government agencies 

· NPPC study of hatcheries:  http://www.nwppc.org/98-33.htm 

· NMFS salmon biology studies:  http://www.nwr.noaa.gov/1salmon/salmesa/pubs.htm 

· Army Corps of Engineers Pacific Salmon Project:  http://www.nwd.usace.army.mil/ps/
· Bonneville Power Administration:  http://efw.bpa.gov/cgi-bin/efw/FW/welcome.cgi
· Bonneville Power Administration Fish and Wildlife Group:                                     http://efw.bpa.gov/cgi-bin/efw/FW/welcome.cgi 

· National Marine Fisheries Service (NMFS), Northwest Regional Office:  http://www.nwr.noaa.gov/ 

· NMFS links to salmon infomation on the internet:  http://kingfish.ssp.nmfs.gov/salmon/salmon.html
· Northwest Power Planning Commission (NPPC):  http://www.nwcouncil.org/ 

· NPPC Fish Passage Center:  http://www.fpc.org/ 

· Oregon Department of Fish and Wildlife:  http://www.dfw.state.or.us/ 

· Pacific Fisheries Management Council:  http://www.pcouncil.org/
· Salmon Information Center, Seattle and King County:  http://www.salmon.gen.wa.us/ 

· State of Washington, Governor's Salmon Recovery Office:  http://www.governor.wa.gov/esa/
· U.S. Fish and Wildlife Service:  http://www.fws.gov/
· Washington Department of Fish and Wildlife:  http://www.wa.gov/wdfw/ 

· Western Governors Association:  http://www.westgov.org/ 

Biodiversity sites and data sources 

· Scientific analyses of the salmon problem; biodiversity collections on the WWW:  http://biodiversity.uno.edu/ 

· Independent Scientific Advisory Board Reports:  http://www.nwppc.org/isab_toc.htm
· Columbia River Data Access in Real Time (DART):  http://www.cqs.washington.edu/dart/dart.html
· UW page focused on salmon in the ocean and the Columbia River:  http://www.cqs.washington.edu/crisp/rel/index.html 

· Ocean conditions research, and other papers:  http://www.cqs.washington.edu/papers/
· Columbia River hydroelectric project information:  http://www.cqs.washington.edu/crisp/hydro/index.html 

Journalism 

· NW FishLetter:  http://www.newsdata.com/enernet/fishletter/
· Endangered Fish News from The Oregonian:  http://www.oregonlive.com/special/issues/endangered_fish.html
History 

· Pacific Northwest Salmon History Snapshots, Oregon State University:  http://www.orst.edu/instruction/anth481/fish.html 

US-Canada Issues 
· Commentary and data on the US-Canada Pacific Salmon Treaty:                                http://www.dfait-maeci.gc.ca/english/foreignp/environ/salmon.htm
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