Shark-Eating Mans

Focus Question
Is it possible to overfish sharks?

Activity Synopsis
Students will play a game in which they pretend they are fishermen to learn the costs of overfishing.

Time Frame
Two hours

Student Key Terms
· overfishing 

· longliner

· management

· bycatch

Objectives

The learner will be able to:

· explain the effects of overfishing on sharks.

· given a model situation, devise a management plan to allow fishing of sharks without depleting the shark population.

Fifth Grade Standards Addressed

Science Standards

IIB4e, IIB4f

Background

Key Points

Key Points will give you the main information you should know to teach the activity.

· Overfishing is what happens when members of a marine population are removed faster than they can replace themselves through natural reproduction.

· A longliner is a fishing vessel that drags a line that is 25 to 40 miles long with as many as 15,000 baited hooks on it for hours to catch its targeted species. It is very effective to the point that it may be contributing to the decline of many fish species.
· Sharks are particularly vulnerable to overfishing because of their low reproductive rates. Off the Atlantic coast of the United States, research shows that in recent years sharks have been killed by man at a rate twice their ability to reproduce themselves.
· A sand tiger shark usually only produces one pup (baby shark) when it reproduces.
· Currently the main demand for sharks is for shark fin soup. Shark fin soup is a popular dish in many Asian nations. Most fishermen who supply the shark fin soup market only take the fin, killing the shark and wasting 95% of its body. Because of this, many nations have banned this type of fishing. The scarcity has driven up prices. A large shark fin can go for as much as $10,000. 
· Management of fisheries through catch and size limits and bans is important, because without it, we may destroy our fish populations and not have fish such as sharks available for fishing or other things such as medical research in the future.
Detailed Information

Detailed Information gives more in-depth background to increase your own knowledge, in case you want to expand upon the activity or you are asked detailed questions by students.

Two hundred years ago, the idea that the ocean was an unlimited source of food was reasonable. Certain fish, such as North Atlantic cod, were so plentiful that ships had trouble moving through them. Since fishermen primarily used a hook and line to catch these fish at this time, it did not seem possible that the actions of man could in any way affect these populations. 

All of this began to change beginning in the 1950's as new fishing technology came into use. New techniques such as longlines, in which a ship drags a line that is 25 to 40 miles long with as many as 15,000 baited hooks on it, were much more effective at catching fish than individual hooks and lines or harpoons. These technologies were so effective that today, according to the United Nation's Food and Agriculture Organization, 69% of the world's important commercial species are now in decline. One of the most important fisheries in North America and Europe, cod, was virtually wiped out in the early 1990's. There are many factors that are believed to have contributed to this decline, such as pollution, habitat loss and global warming, but the growing consensus is that overfishing is the primary cause. Overfishing is what happens when members of a marine population are removed faster than they can replace themselves through natural reproduction.

Overfishing was not an issue until the last fifty years when new technologies were developed that made commercial fishermen more effective. One of these technologies is the longliner. A longliner is a ship that drags a line that is 25 to 40 miles long with as many as 15,000 baited hooks on it for hours. Anything that is hooked on these lines is eventually hauled to the boat, and the fish that were targeted are kept while the fish and other animals not targeted, such as sea turtles, are thrown back in the ocean as bycatch, usually dead. 15,000 hooks is much more effective at catching fish than just a handful lines or nets, the traditional fishing method, and commercial fishermen became much more successful because of longliners, but they were also one of the technologies that opened the door to overfishing.

Sharks are one of the fish sometimes fished by longliners, sometimes on purpose, but half of the sharks caught by longliners are caught as bycatch. Sharks are particularly vulnerable to overfishing because of their low reproductive rates. Most sharks reproduce slowly, for some species just once a year and for others only every third year. Sharks have a relatively long time to reach reproductive maturity, some not being of breeding age until they are 10 years old. Sharks also produce small litters of offspring compared to other fish. Many sharks produce less than ten pups per liter. A sand tiger shark usually only produces one pup during breeding, because the pups will eat each other in the mother’s womb. This is in a comparison with a mature red snapper that will produce millions of eggs at one spawning. Off the Atlantic coast of the United States, research shows that in recent years sharks have been killed by man at a rate twice their ability to reproduce themselves.
Sharks are becoming an increasingly popular fishery. With the crash of the cod fishery, some sharks are now used to supply the fish in fish and chips (which was traditionally cod). Because sharks apparently do not get cancer, shark cartilage is now being marketed as a way to cure cancer, despite no scientific evidence that there is any verity to this claim. Currently, though, the main demand for sharks is for shark fin soup. Shark fin soup is a popular dish in many Asian nations. The fins add little flavor to the soup, but the cartilage in them helps thicken the broth and apparently, it is extremely cool to eat a shark fin in soup form, so there is high demand for them. Most fishermen who supply the shark fin soup market only take the fin, killing the shark and wasting 95% of its body. Because of this, many nations have banned this type of fishing. The scarcity has driven up prices. A bowl of soup in some Asian nations runs between $100 and $150. This has only seemed to increase the demand for them, and a large shark fin can go for as much as $10,000, which in turn leads to more illegal fishing and a large blackmarket for shark fins. 
A loss of sharks in the ocean could have serious consequences. Despite their bad reputation, sharks are important parts of their marine ecosystems and are becoming increasingly important to people. As apex predators, they help keep their ecosystem in balance by controlling the populations of the other animals. For humans, shark cartilage has been used to make artificial skin for burn victims. Shark corneas have been used experimentally for human transplants and shark-liver oil seems to aid white blood cell production. Sharks were one of the first organisms to develop an immune system, and biomedical researchers are studying the sharks because it may help them learn something about human immune systems. Sharks also apparently do not get cancer, and scientists are studying this as well because it may provide insight into a cure for cancer for humans.
It is estimated that as many as 100 million sharks are killed each year by humans. This number can only be estimated because sharks killed as bycatch or that are illegally fished are not reported. In the United States some coastal shark populations have been reduced by 50 to 85 percent over the past 20 years. In the mid-Nineties, the National Marine Fisheries Service imposed commercial quotas that reduced the legal catch of large Atlantic coastal sharks by 50 percent, to 1,275 metric tons a year. And it outlawed direct fishing for great white, basking, whale (the largest fish in the sea, which can grow to 40 feet), sand tiger, and bigeye sand tiger sharks. South Carolina, following federal regulations, has bans or restrictions on all shark fishing. Some nations, but not all have similar restrictions. This type of management is deemed important, because without it, we may destroy our shark populations and not have sharks available for fishing in the future.

Unfortunately, putting limits on fishing can have a major toll on the world's human population. Sixteen percent of the animal protein consumed by humans comes from the ocean and in many developing nations it is the primary source of protein. The fishing industry, everything from large commercial fishermen to small subsistence fishermen, employs 200 million people worldwide either directly or indirectly. If fishing were restricted more, many people would be without food and/or jobs. If fishing is not restricted, though, there is the possibility that many marine populations will be decimated, and the loss of jobs and food would be a larger and more permanent problem.

Overfishing is a complex issue without easy answers. By treating it as a serious problem that must be addressed, the livelihoods of millions of people around the world can be affected. As scientific evidence continues to show marine populations in decline, the possibility of overfishing as a cause needs to be considered. Otherwise, we run the risk of destroying ocean resources, such as sharks, that we all depend on to survive.

Procedures

Materials

· A Calculator

Procedure
(Note: This activity presents a model to show students what happens when sharks are fished out faster than they can reproduce themselves. Though everything in the activity is based on reality, in real life the figures used (the cost of living and equipment for a fisherman, the market price of a shark, the size of shark populations in a local area and the reproductive rate of local sharks) is highly variable and, in the case of shark population sizes and reproduction rates, still requires a lot more research than to make anything other than an educated guess. Because of this, at the end of the activity, let students know that the figures used are approximations and not facts.)

1. Divide students into small groups of roughly equal size and tell each of them to choose a name for themselves. Write these names across the board with room underneath each name to write three columns and five rows of numbers.

2. Tell students they live in an imaginary place called Meccalecca Island and tell each group they are fishermen on a longliner (explain what this is [see background info]) and tell them their job is to make enough money to stay in business and support themselves. Each team will be fishing in the ocean off of Meccalecca Island. Tell them that each fisherman on the team wants to make at least $50,000 a year to cover the expenses for boat equipment and upkeep, as well as cost of living. Have them determine the total cost of expenses for the team ($50,000 multiplied by the number of people in the team). 

3. Tell them they will be fishing for sand tiger sharks. On Meccalecca Island, one sand tiger shark usually brings in about $1000 because people there like to eat shark fin soup. Tell them they have to determine how many sharks they are going to try to catch that year to make money. Leave it up to them whether they just want to cover their expenses or they want to make some profit. Tell them that each team will discuss this as a group and decide the number of sharks their team will fish for that year. 

4. Do not tell the students this, but in the ocean around Meccalecca Island, there is only a population of 5,000 sand tiger sharks. This activity will allow them to see what happens when a population of fish is overfished, as they will probably try to fish for more sharks than actually live in the area, which will allow them to see the point.

5. After a few minutes, ask each team how many sharks they would like to catch and write these numbers on the board under the team’s name.

6. Add the total number of sharks for all teams without showing the total to the students. 

7. If this number is below 5,000, then each team caught all of the sharks they wanted to catch. For example, if there are 4 teams and each team tried to catch 400 sharks the first year, the total sharks caught for the 4 teams would be 1600. Because this total is less than 5,000 (the number of sharks in the area), you can tell each team they caught all of the sharks that they wanted to catch and write this number underneath their team name with a circle around it.

8. If the number totals over 5,000 then the teams tried to catch more sharks than were available in the area and will not be able to catch all of the sharks they wanted to.  To distribute the numbers of sharks not caught between each team equally subtract 5,000 (the number of sharks in the area) from the total number of sharks they wanted to catch. 

9. Take the difference between these two numbers and divide it by the number of teams. 

10. Take the quotient from step 9 and subtract this number from each team’s projected catch number. This will tell them how many sharks each team caught that year. 

For example, if there are 4 teams and team 1 wanted to catch 1,000 sharks that year, team 2 wanted to catch 1000, team 3 wanted to catch 1,500 and team 4 wanted to catch 1,900, the total number of sharks the teams wanted to catch is 5,400. Since there are only 5,000 sharks in the area, the four teams together wanted to catch more sharks than are available, so you must figure out how to split up the missed sharks between the teams by following rules 7 through 9. Step 7: The difference between 5,400 (the number of sharks they wanted to catch) and 5,000 (the number of sharks in the area) is 400. Step 8: 400 divided by 4 (the number of teams) is 100. Step 9: You would subtract 100 from the number each team wanted to  catch and tell them that sum is the number of sharks they actually caught. (So team 1 only caught 900 of the 1000 sharks they wanted to catch, team 2 caught 900 of the 1000, team 3 caught 1400 of the 1,500 and team 4 caught 1,800 of the 1,900). 

11. Tell each team the number of sharks they ended up catching that year. Have each team take this number and multiply it by $1000 to determine how much money they made. Have them compare this money value with the cost of expenses they needed to cover. Did it cover the cost of expenses? How much profit did they make? Have them report this to the class and write the money amounts on the board.

12. Have each team talk again and decide how many sharks they are going to catch the next year. 

13. While they are doing this, calculate how many sharks are left. Some sharks will be replaced through reproduction, but this will be a small percentage and will depend on how many sharks are left in the population. 

14. If the teams collectively fished for more than 5,000 sharks then there are 0 sharks left in the area and none left to reproduce.

15.  If they collectively fished for less than 5,000 sharks then subtract this number from 5,000. Calculate 10% of that number and add the difference and the percentage together.  This will give the number of sharks available in the area. 

For example, if there were 4 teams and each team tried to catch 1, 200 sharks the first year, the total sharks caught for the 4 teams would be 4,800. 4,800 sharks taken out of the population leave 200 sharks in the area for the next year. For this model, we are saying the size of the population increased through reproduction is 10% of the total population at the end of the year. 10% of 200 is 20. Add these together to determine there are 220 sharks in the area for year two.

16. For year 2 have each team repeat step 3 through 11, replacing the number “5,000” with the number of sharks in the area (it may be “0”) you calculated for year two in step 15. Create a row for year 2 on the board under each team’s name to write their catch sizes and the amount of money they earned.

17. After your calculations, this time the students may have caught a highly reduced number of sharks, or, if they were particularly greedy the first year, none at all. If any students did not cover their expenses, tell them they are now in debt. For the next year they will have to include their debt as part of their expenses.

For example: If one fishing team has six members their expenses for the year is $300,000 (6 * $50,000). If they only caught 200 sharks that year, they only made $200,000 (200 * $1000) and they are now $100,000 in debt. This will be added to their expenses for the next year totaling $400,000.

18. Repeat steps 5 through 17 to get five years of data. If need be, convince students to be greedy so shark populations will begin to drop.

19. At the end of five years of data, examine the data on the board with students and discuss what happened to the number of sharks they were catching over that time period (unless your students enjoy being in debt, it should have dropped dramatically). Discuss what they think might have happened to the sharks. If needed, lead the discussion towards the possibility of them overfishing. 

20. Discuss with students if they can figure out a way all of them can fish for sharks and still stay in business without overfishing the sharks. To do this, tell them they can calculate how many sharks all the teams caught in the five years and use this to estimate the size of the shark population when they first started fishing. Tell them it is estimated that about ten percent of the shark population around Meccalecca Island will reproduce each year, because sharks have a low reproductive rate. Have them try to develop a plan so that they can fish for years without destroying the local shark population. Test this plan out by going through the procedures again for five years with the students following their plan. At the end of this simulation, discuss the results of their plan and determine how successful it was by telling the students how many sharks they started with and how many they ended up with according to your calculations.

21. Tell students there were exactly 5000 sharks in the area around Meccalecca Island and their reproductive rate adds 10% to the population each year. Have them calculate this for a population of 5000 sharks. (10% of 5000 would add 500 new sharks a year). 

22. If this is the case, what is the most sharks that can be fished a year to keep the population at about 5000? (They should come up with a number below 500, because anything higher will reduce the size of the population, as it exceeds the number replaced by birth.  [The actual number would be about 454. 454 sharks fished from a population of 5000 sharks drops the shark population to 4546. 10% of 4546 is about 454, which would be the number of sharks replaced that year through reproduction. This brings the shark population back up to 5000 for the next year.) 

23. At $1000 a shark and $50,000 of expenses each year for each fisherman, how many fishermen can afford to fish for shark each year? They should come up with the answer of at most 10 fishermen, just to cover expenses. (500 sharks * $1000 / $50,000 of expenses = 10 fishermen). 

24. Discuss: Could all of the fishermen in the class keep their jobs this way? If the fishermen were not regulated and eventually fished out all of the sharks in the area would they be able to keep their jobs then? Is it better to have a smaller number of fishermen stay employed indefinitely or to have a large number of fishermen employed for a few years but eventually they destroy the shark population and their own livelihoods?

25. Discuss with students the effectiveness of new fishing technology such as longliners and their impact on sealife populations such as sharks through overfishing, how the low reproductive rates of sharks makes them particularly vulnerable to overfishing, how shark’s popularity for shark fin soup in some nations is putting increasing fishing pressure on them, and some of the current regulations that some nations have to protect sharks.

Extension

Have students research the benefits of sharks to man through things such as cancer research.

Assessment

Have students develop a fishing management plan for another imaginary place, Leccamecca Island, where there are 1000 sand tiger sharks in the population and the reproductive rate increases the population by 10% each year. Leccamecca has 10 fulltime fishermen who need to make $50,000 a year to cover their costs of living and fishing expenses. The market price of sand tiger sharks on Leccamecca Island is $2000. Have the students develop a plan that protects the shark population in the area from eventually being destroyed, but still keep in mind the fishermen who depend on these sharks to make a living. This problem will not come out to a perfect mathematical solution. If there are 100 sharks (10% of 1000 sharks) replaced each year through reproduction then only 3 fishermen can stay in business (To cover $50,000 of expenses, each fisherman would have to catch 25 sharks at $2000 apiece. If the fishermen fished 100 sharks or more, the shark population will decline).  There is no way all of these fishermen can stay in business while maintaining the shark populations. The idea to learn is that in managing fisheries, sometimes, hard decisions need to be made. Tell students to make these decisions and explain the impact or benefit of their plan on both the fishermen and the sharks.

Scoring rubric (Out of 4 points)

There is no one right answer to this question, but students should receive a point if they:

· develop a management plan

· demonstrate they are aware that fishing for more sharks than are replaced by reproduction will eventually decimate the shark population

· explain how their plan benefits or harms the local sharks

· explain how their plan benefits or harms the local fishermen
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