A Fine Kettle of Fish: Problems With Lake Stocking

(edited 27 February 2011-clean copy, originally written by) By Mary Ann McGarry

Summary:  Students will use Internet and local resources to become aware of how stocking organisms in lakes to improve angling has led to some surprising results. Students will then search for available information about legal and illegal stocking in a nearby lake and describe actual or potential ecosystem changes. 

Essential Question:  What are some of the unexpected ecosystem impacts of legal or illegal stocking of fish or other organisms?

Objectives: Learners will:

1. Identify a variety of consequences that can result from the legal and illegal stocking of nonnative and native species in a  body of water.  

2. Use appropriate vocabulary. Differentiate among the following terms- native, exotic, introduced.

3. Locate, describe and interpret, and compare and contrast information about food webs and other parameters that are often used to define the impact on the habitat of fish or other organisms in a lake.

4. Design, manage and evaluate an educational campaign to inform a specific target audience about the possible and actual consequences of introduced species. Commendable designs will include a stewardship component for the intended audience.

Time Requirement: Five to seven non-sequential periods plus out of class time for some presentations.

Background Information:

Fish play a major role in aquatic systems and are also of great economic importance.
While certain commercially important fish species receive more attention from anglers, species can not be considered independent of other fish species and their ecosystem.

Fish evolve to live in a particular habitat.  When habitats are changed, like when a new species is added, the dynamics shifts. Introducing a new species to a lake, whether it’s a fish or an invertebrate, as a new food source to improve angling, has an impact and sometimes unforeseen consequences.  

There is a large variation among fish species in lakes in terms of adult size, body shape, and food consumption.  To understand fish populations and their dynamics in lakes, one must know about the life history attributes of different fish species, where a fish species lives in a lake, how it feeds, on what and where it feeds, food preferences at different ages, growth and mortality rates, number and size of eggs, age at maturity, breeding and brooding behavior, as well as other factors.  Studies of food availability to a population must also consider the competition by juveniles and adults of other vertebrate and invertebrate species.  Low predation rates and high survival rates may mean very large populations of fish mature at smaller sizes; these fish are considered stunted when they are considerably smaller than equivalent adults from other populations in the same climatic region. 

Population and age/growth estimates of fish populations in lakes are based on sampling.

Stocking occurs for two primary purposes:  1) to enhance recreational fishing and 2) to restore native species to waters they formerly occupied.

Four unique examples from around the country and internationally illustrate the varied issues that arise from stocking fish.  The four examples (presented in this activity) are from Maine, California, Montana, and Cyprus.  Each illustrates a different aspect of the problems associated with stocking. 

Procedure:  

Getting Started: 

1. Divide the participants into four groups and have each group explore the Web-Based Resources of one scenario and prepare to share one of the stocking scenarios with the rest of the collective group.  The Web-Based References are listed below with an up-to-date listing of links provided on the Teacher/Mentor resource section of the Maine COLA web site. Students should be encouraged to design an effective presentation incorporating visuals and realm data into a PowerPoint or other type of presentation.  Refer to ‘Stocking Scenarios Students Pages.’  Students will have a chance to be more actively involved with at least one scenario, through the design and implementation of presentations. 

2. As students listen to the presentation, they should keep track of unique and common issues among the stocking scenarios.  For example, which scenario highlights the economic costs, which focuses on lake biological interactions, which addresses physical requirements of species, which emphasizes interactions between lakes and surrounding upland environments.  Students can develop a chart to keep track of the issues.  

3. Students as a class can then identify a variety of sources of information about  food webs found in nearby lakes.  Groups of students can then be assigned to obtain food web information from various scientists and state and national organizations.  The groups will share any information on the history and status of the food webs in nearby lakes with the whole class.

4. The class can brainstorm ways to effectively communicate problems associated with stocking to local community members or other specific audiences.  Students should design a plan for assessing the effectiveness of their educational campaign after implementing it.  For example, students can decide on when, where, and how to conduct a survey in the community to see if the campaign is raising awareness.  Students should decide to present their campaign to a specific audience, e.g.  a town selectperson meeting, local sporting association, or school event, or to another class of students.

Assessment:  Students should be assessed in three major ways:

1. Assess student understanding of  food webs in a local lake and changes stocking may have produced over time.

2. Assess the design, management, and appeal of the students' educational campaign to a specific audience.

3. Assess the impact  of the implemented educational campaign.

Suggested (Student Presentation) Scoring Rubric:

	Novice

1
	Basic

2
	Commendable

3
	Exemplary

4

	Research

	Research findings contain only small amounts of information that are accurate or relevant 
	Research findings are only partially complete, accurate or relevant.
	Research findings are accurate, relevant, and thorough. Students use provided Internet Resources appropriately
	Research findings are complete, accurate, and relevant.   Shows advanced understanding by making connections to surrounding local lakes independent of teacher prompts.  Students use provided Internet Resources Appropriately and extend their usage beyond those provided

	Educational Campaign Presentation

	Project is weak in its creativity, organization, and appeal to specific audience
	Project is weak in one of the categories of creativity, organization, or appeal to specific audience
	Project is creative, well organized,  and appeals to a broad audience.
	Project is creative,  well organized, effective, and appeals to a broad audience. Shows advanced understanding by making connections to other relevant lake issues or concepts independent of teacher prompts.

	Evaluation of Campaign Impact

	Evaluation plan is poorly described but not implemented.
	Evaluation plan and gathering or results is weakly conceived and carried out. No stewardship component suggested
	Evaluation report is solid describing the methods, outcomes, and discussion. Outcomes suggest a stewardship action on part of audience
	Evaluation report is defensible, describing the methods, outcomes, discussion, and recommended management or improvements. Outcomes include a stewardship action on part of audience.


Student groups should also be provided with credit for finding new, appropriate web-based resources. Teachers should email these to Maine COLA to be included on the resource page.  Students who undertake their own stewardship activities as a result of this Unit should also receive credit and report their efforts to Maine COLA for inclusion on our website. Photos or links to school web sites are welcomed.

Alignment with Educational Standards:

Benchmarks for Scientific Literacy:  American Association for the Advancement of Science

The Living Environment:  Diversity of Life, p. 104  Background: Tracing simple food webs in varied environments can contribute to a better understanding of the dependence of organisms (including humans) on their environment.

6-8  #5  All organisms, including the human species, are part of and depend on two main interconnected global food webs.  One includes microscopic ocean plants, the animals that feed on them, and finally the animals that feed on those animals.  The other web includes land plants, the animals that fed on them, and so forth.   This activity focuses on food webs in fresh water lakes.

The Living Environment:  Interdependence of Life, p. 117

6-8  #1  In all environments-freshwater,…  organisms with similar needs may compete with one another for resources, including food, space, water, air, and shelter.  In any particular environment, the growth and survival of organisms depend on the physical conditions.  Introducing new species into lakes means those species are going to have to complete with existing species for resources, and may mean the new species will out compete the native species. When stocking nonnative species, one much be award of all the interacting physical parameters like temperature that impact the species.

9-12  #2  …Like many complex systems, ecosystems tend to have cyclic fluctuations around a state of rough equilibrium.  In the long run, however, ecosystems always change when climate changes or when one or more new species appear as a result of migration or local evolution.  Introducing a new species or variable in an ecosystem, means the system will have to change.

#3  Human beings are part of the earth’s ecosystems.   Human activities can, deliberately or inadvertently, alter the equilibrium in ecosystems.  By introducing new species, humans are altering the equilibrium in ecosystems.

The Living Environment:  Evolution of Life, p. 124

6-8  #2  …Changes in environmental conditions can affect the survival of individual organisms and entire species.  Introducing a new fish species is a change in an environmental condition and can wipe out a native fish species from a particular lake.

Common Themes:  Systems, p. 262, 265  Background:  One of the essential components of higher-order thinking is the ability to think about a whole in terms of its parts and, alternatively, about parts in terms of how they relate to one another and to the whole.

6-8  #2 Thinking about things as systems means looking for how every part relates to others… One must consider:  a)  the physical requirements for an  introduced species-temperature, pH, amount of dissolved oxygen;  what the introduced species will eat and who will eat  it; and  how the introduced species will fit in the food web and how the food web might change as a result of the new species.

 #3  Any system is usually connected to other systems, both internally and externally.  Thus a system may be thought of as containing subsystems and as being a subsystem of a larger system.  The food web in a lake is a part of a larger system-a watershed.  Introduced fish species can and have ‘migrated’ into other parts of a watershed.

9-12  #4  Even in some very simple systems, it may not always be possible to predict accurately the result of changing some part or connection.  The example of Flathead Lake in Montana illustrates this principle.  

Common Themes:  Scale, p. 278  

9-12  #3  As the number of parts of a system increases, the number of possible interactions between pairs of parts increases much more rapidly.  As illustrated in the Flathead Lake example, the ultimate mysis shrimp interaction with the cladocera had not been anticipated when the mysis shrimp were stocked in a nearby lake.

North American* Association For Environmental Education: Excellence in Environmental Education Guidelines for Learning K-12 http://naaee.org/npeee/learner_guidelines.php
*(endorsed by 55 countries)

Strand 1- Questioning and Analysis Skills

Grades 5-8

A) Questioning- Learners are able to develop, focus, and explain questions that help them learn about the environment and do environmental investigations, p. 29.  Learners can ask if there are any introduced or invasive species in the lake in their community.

C)  Collecting Information- Learners are able to locate and collect reliable information about the environment or environmental topics using a variety of methods and sources, p. 31.  Learners need to be able to locate historical and current information on native fish species in the lake in their community.

 E)  Organizing information- Learners are able to classify and order data, and to organize and display information in ways that help analysis and interpretation, p. 32  Learners are able to display food webs in their lake involving fish so they can determine how a change of a new species would impact the lake.

Strand 2.4  Environment and Society- 

Grades 5-8

 A)  Learners understand that human-caused changes have consequences for the immediate environment as well as for other places and future times. (p. 41)  Slowly over time introduced species may change an ecosystem.  Also introduced species may migrate to other parts of the watershed.

Strand 3.1  Skills for Analyzing and Investigating Environmental Issues

Grades 5-8

A) Identifying and investigating issues-Learners are able to use primary and secondary sources of information, and apply growing research and analytical skills, to investigate environmental issues, beginning in their own community, p. 44.  Students will identify sources of  and incorporate local known  information on any introduced species in the lakes in their communities.

Resources:

  Web-Based:  

MAINE (the use of poison and chemicals  in fisheries management):

Potential hatchery infection: http://www.maine.gov/ifw/fishing/health/disinfection_biosecurity.htm
Project WILD http://www.maine.gov/ifw/education/projectwild_aquatic.htm
Illegal fish stalking http://www.maine.gov/ifw/fishing/illegal_stocking.htm
Fish health issues: http://www.maine.gov/ifw/fishing/health/issues.htm
Largemouth bass eradication in Maine (2001) http://www.nesportsman.com/me/mdif/current.shtml
Pacu release in Maine: http://www.pressherald.com/news/Man-charged-with-illegally-introducing-exotic-fish-to-Maine-pond.html 

Introduced fish in Maine (PEARL reference listing) http://pearl.maine.edu/education_resources/sg_fish_in_maine_ref.htm 

Save Native Maine Fish Species (one page .pdf): http://www.maine.gov/dep/blwq/topic/invasives/fish.pdf 

Umbagog watershed fish: http://www.fws.gov/northeast/lakeumbagog/fish.html
Problems with the use of rotenone to kill fish: http://tucsoncitizen.com/view-from-baja-arizona/2011/02/08/state-legislation-being-proposed-to-stop-the-arizona-game-and-fish-department-from-poisoning-patagonias-water-supply/ 

Residents offer support for poisoning fish: http://www.27east.com/news/article.cfm/Water-Mill/318249/Residents-Offer-Support-For-Killing-Fish-in-Mill-Pond 

Maine Fish Stocking Records: http://www.maine.gov/ifw/fishing/reports/stocking/index.htm
MONTANA: (effect of stocking other kinds of organisms on fish)

Montana's Illegal stocking Issues: http://fwp.mt.gov/mtoutdoors/HTML/articles/2003/bucketbiology.htm
Montana Aquatic Nuisance Species Management plan: http://fwpiis.mt.gov/content/getItem.aspx?id=3258
Nab The Invader (SeaGrant): http://www.iiseagrant.org/NabInvader/
Trout Unlimited's notes on Flathead Lake's trout: http://flatheadtu.org/indexFiles/FlatheadFAQ.pdf
Flathead Lake Historical Timeline: http://www.flatheadtu.org/FlatheadLakeHistory.html 

CALIFORNIA (effects of stocking fish on other kinds of organisms) :

Frog Research Halts Trout Stocking: http://www.tahoesbest.com/Fishing/column1.htm
Group seeks endangered status for frog: http://www.tahoedailytribune.com/article/20110222/NEWS/110229985/0/FRONTPAGE
Non-Native Trout in Natural 
Lakes of the Sierra Nevada: http://www.highsierrahikers.org/issue_fish_main.html
 A Petition to List All Populations of the Mountain Yellow-Legged Frog 

(Rana muscosa and Rana sierrae) as Endangered under the California Endangered Species Act: http://www.biologicaldiversity.org/species/amphibians/Sierra_Nevada_mountain_yellow-legged_frog/pdfs/2010-1-25_MYLF_CESA_petition%20.pdf
FrogBlog: http://anuranblog.blogspot.com/
CYPRUS (stocking and water temperature and oxygen issues):

Cyprus dams, water resources, and fishing: http://www.fishingcy.com/htmldocs/fishing_stories2.html
Aquaculture of Tilapia: http://www.fishingcy.com/htmldocs/fishing_stories2.html
More fish stories: http://www.agrino.org/fishing/htmldocs/fishing_stories.html
Low temperature survival of Tilapia in Egypt: http://ag.arizona.edu/azaqua/ista/ISTA8/FinalPapers/Growth%20pdf/25%20%20Ebtehag%20modified%20final.pdf
Stratification, temperature and oxygen content of Maine lake waters: http://pearl.maine.edu/windows/community/Water_Ed/Dissolved Oxygen/DO_whatisit.htm
Maine. A Field Guide To Aquatic Phenomena: http://www.umaine.edu/waterresearch/FieldGuide/Field%20guide.pdf
(see Maine COLA Educators/Mentors Resource Page for latest links)
Other potential resources for researching food webs in local lake ecosystems:

1.  Fish and Game State Departments (The Montana Fish, Wildlife & Parks website provide historic stocking records for many Montana water bodies.  Check to see if your region provides similar information.  The following states are among those that provide stocking information: Alaska, Maine, Michigan, Nebraska, North Dakota, Utah, and Wisconsin.

2.  Freshwater Sports Alliances- local, regional, or statewide

3.  Biodiversity Research Initiatives- associated with state non-governmental organizations

4.  Local Historical Society’s that kept results of angling contests and catch sizes

5.  Conservation organizations- local, statewide, and federal; like Trout Unlimited

6.  University research projects- Wildlife and Ecology and or Fisheries Departments

Possible Stewardship Opportunities and Connections to Lake Associations (to be enriched by student and Lake Associationj projects as they are reported):

See: “Chinese Mystery Snails: If you Can't Beat Em Eat Em” on the Maine COLA website. These creatures are the result of illegal stocking. 

STOCKING SCENARIOS STUDENTS’ PAGE 1

Maine

In Maine, a decision was made to eradicate large mouth bass in a particular lake before the species became established in associated streams.  The following bullets identify the strategy, costs, and consequences associated with the decision.

1.  First, a decision was made to treat the lake with rotenone, at a cost of $5000 for the chemical using portable pump tanks.

2.  The state agency had to meet with the Water and Sewer District to identify their 


concerns and seek support.

3.  Then, they had to meet with the town manager to apprise him and his town council of the situation.

4. They also had to arrange for a public meeting to explain the need for this action, 

to answer questions and to seek public support.

5.  Agency costs also included a minimum of four person-days of fisheries staff on the day the chemical was applied with follow-up investigations needed the next day.

6. The application was slated to kill all the fish in the lake and tributaries that were treated.

7. Brook trout angers that had traditionally enjoyed fishing the waters were going to be impacted. 

8. The Department of Inland Fish and Wildlife was going to have to replenish this fishery, which would require the Department to stock expensive yearling brook trout until evidence could be obtained that the natural reproduction was sufficient to provide a sport fishery. 

STOCKING SCENARIOS STUDENTS’ PAGE 2

Montana

1. Flathead Lake in Montana was home to cutthroat trout and bull trout.  Kokanee salmon were stocked, and consequently the cutthroat trout population declined.

2. Next, lake trout are added.   Lake trout ate the kokanne and 
become huge.  Lake trout also preyed on bull trout, so the bull trout populations declined.

3. Then, Mysis (shrimp) got in the lake from being stocked in nearby lakes to feed the kokanee.  The shrimp had been stocked to try to provide more food for kokanee salmon, but instead of becoming food for kokanee salmon, the shrimp began eating the salmon’s main food, a water flea called cladocera.  With mysis shrimp eating kokanee’s favorite food, kokanee populations crashed.

4. The shrimp ate the salmon’s main food, cladocera, so kokanee populations crashed.  Lake trout started eating mysis shrimp!  Now there are thousands of smaller than normal lake trout in the lake.

STOCKING SCENARIOS STUDENTS’ PAGE 3

California

The title of a newspaper article in the Tahoe World Newspaper, serving the West Shore of Lake Tahoe, read, ‘Frog research halts trout stocking.’  Paraphrasing the article, the California Department of Fish and Game called for a halt to a 140 year old practice of stocking trout in high elevation lakes which traditionally did not have fish because of the dwindling populations of two species of frogs, the Cascade and mountain yellow-legged frogs.  The frogs are believed to be popular snacks for nonnative trout.  Some feel discontinuing stocking will reduce the number of fish, but feel the quality will increase.   Stocking results in lots of little fish that are stunted.  Some biologists feel more than the frogs may have been impacted, bears can eat hundreds of pounds of fish.

STOCKING SCENARIOS STUDENTS’ PAGE 4

Cyprus

The island of Cyprus has a water conservation issue.  Cyprus has no rivers with perennial flow and rainfall is highly variable; the mean annual precipitation amounts to about 500 mm.   Droughts occur frequently.  After the aquifers were depleted in the 1970’s, attention was focused on construction of reservoirs for storage.  Capacity increased from 6 million cubic meters to 307,500 MCM.  As a result, Cyprus was able to create the sport of angling. The following fish species were introduced or are found in their reservoirs:  Bleak, catfish carp,  Crucian carp, eel, grey mullet, large mouth bass, mosquito fish, perch, rainbow trout, rapfen, redswamp crayfish, roach, silver bream, tench, tilapia, and zander.  In December of 1992, hundreds of fish washed up on shore dead.  Naturally, folks were about the cause of the fish kill.  The culprit it turned out was a temperature change.  An unusual hailstorm lowered the temperature in the particular reservoir to the degree that the warm water fish species tilapia could not survive.  This was the fish species which washed up on shore.  

\

Students' Page 5

Presentation Scoring Rubric:

	Novice

1
	Basic

2
	Commendable

3
	Exemplary

4

	Research

	Research findings contain only small amounts of information that are accurate or relevant 
	Research findings are only partially complete, accurate or relevant.
	Research findings are accurate, relevant, and thorough. Students use provided Internet Resources appropriately
	Research findings are complete, accurate, and relevant.   Shows advanced understanding by making connections to surrounding local lakes independent of teacher prompts.  Students use provided Internet Resources Appropriately and extend their usage beyond those provided

	Educational Campaign Presentation

	Project is weak in its creativity, organization, and appeal to specific audience
	Project is weak in one of the categories of creativity, organization, or appeal to specific audience
	Project is creative, well organized,  and appeals to a broad audience.
	Project is creative,  well organized, effective, and appeals to a broad audience. Shows advanced understanding by making connections to other relevant lake issues or concepts independent of teacher prompts.

	Evaluation of Campaign Impact

	Evaluation plan is poorly described but not implemented.
	Evaluation plan and gathering or results is weakly conceived and carried out. No stewardship component suggested
	Evaluation report is solid describing the methods, outcomes, and discussion. Outcomes suggest a stewardship action on part of audience
	Evaluation report is defensible, describing the methods, outcomes, discussion, and recommended management or improvements. Outcomes include a stewardship action on part of audience.


