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Menhaden STEM Lesson Seed

Author(s): 
· Alicia Oelfke, Science Resource Teacher for Howard County Public Schools 
· Ryan Sackett, Technology Education Department Chair and Assistant STEM Coordinator for South River High School in Anne Arundel County 
· Arden Stara, Secondary Social Studies Resource Teacher for Howard County Public Schools

Content Area(s): This section identifies potential high school courses the lesson seed may be used in.

The Menhaden STEM lesson seed is appropriate for foundations of technology, government, and biology courses.

Overview: This is a summary of what students will learn in the lesson seed. It explains the lesson seed’s focus and real world connection.  

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Students in different classes will investigate the issue of the appropriate size of the menhaden harvest and the effects of bycatch in the Chesapeake Bay and coastal Atlantic Ocean to address the curriculum for foundations of technology, government, and biology courses.  Bycatch is the incidental capturing of unwanted marine creatures while fishing for another species. Bycatch can have significant social, economic, and environmental impacts on marine creatures. STEM integration occurs within and between courses. In biology, the 5E model for integrated STEM instruction will focus on curricular ecology goals. In government, the 5E will focus on the relationship between economics and government. In foundations of technology, the 5E will focus on Agriculture and Transportation (unit 5, lesson 5 of the curriculum). In each 5E model for integrated STEM instruction, students will be applying Common Core English Language Arts and mathematics skills as well as making STEM connections.

Essential Questions: Essential questions are open-ended questions that provoke inquiry about the core ideas for the lesson. They are grade-level appropriate questions that prompt intellectual exploration of a topic.

1. What role does technology have in mitigating environmental damage?
2. How does governmental decision making affect environmental issues?
3. How do environmental issues affect the ecology and economy of the Chesapeake Bay?







Transdisciplinary Connections: This section will broadly list the content areas the lesson seed covers and suggest opportunities for real world connections between science, technology, engineering, mathematics, and other disciplines.  

Menhaden are a commercially and ecologically valuable fish species native to the Chesapeake Bay and Atlantic Ocean. As a commercial fishery, menhaden are an important source of nutrients, fish oil, and other raw materials used in animal feed, plant fertilizer, human supplements, and industrial applications. The commercial impact of this fishery is economically significant in key Chesapeake Bay watershed states. The ecological value of this species is also significant. Menhaden are important prey for valuable sport fish species and they play a role in filtering nitrogen from the bay waters.  

The population of menhaden has declined over the years. Some factors attributed to menhaden’s decline include pollution, overfishing, and bycatch.  Restrictions on harvesting from this fishery were enacted to preserve the population. Restrictions are viewed by different constituencies as appropriate, too restrictive, or too permissive.  

Students in foundations of technology, government, and biology will investigate issues pertaining to the menhaden harvest and bycatch.

· Foundations of Technology:  Students will study the evolution of purse seine net fishing and other forms of fishing nets. This technology was developed as a way to increase efficiency in harvesting oceanic schooling fish species. It has been modified over the last century and a half to also address concerns about environmental damage known as bycatch. Links to arguments about the effectiveness of new technologies implemented to reduce the potential for bycatch are listed in the 5E model for integrated STEM instruction.

· Government:  Students will study the complexity of government decision-making when tackling environmental issues with varying regional, economic, and political interests.

· Biology:  Students will study some of the available research on menhaden. This encompasses a deep understanding of the relationships between different species, complex food webs, pollution, and population dynamics. They will look at the issue through the eyes of different stakeholders to understand the impact of environmental issues on the ecology and the economy of the bay.  




STEM Career Connection: This section identifies careers in field of science, technology, engineering and mathematics that relate to the lesson seed.
· Environmental Engineer 
· Material Scientist 
· Environmental Scientist
· Biochemist
· Industrial Engineer/Designer
· Marine Biologist
· Fishers and Related Fishing Workers
Detailed information for each career can be found at:  Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2012-2013 Edition. http://www.bls.gov/home.htm

Suggested Materials: This section identifies materials and/or resources that may be used in the lesson seed.

Background Information on Bycatch:
	Annual Report to Congress on the Bycatch Reduction Engineering Program
	http://www.nmfs.noaa.gov/by_catch/docs/brep_final_2011.pdf
Discovery News Videos: Animals: Millions of Turtles Killed Due to Bycatch
http://news.discovery.com/videos/animals-millions-of-turtles-killed-due-to-bycatch.html
National Bycatch Strategy
http://www.nmfs.noaa.gov/by_catch/docs/National_Bycatch_Strategy2003.pdf
Evaluating Bycatch: A National Apporach to Standardized Bycatch Monitoring Programs
http://www.nmfs.noaa.gov/by_catch/SPO_final_rev_12204.pdf
US National Bycatch Report
http://www.nmfs.noaa.gov/by_catch/bycatch_nationalreport.htm





Menhaden Information:
Atlantic State Marine Fisheries Commission – Atlantic Menhaden
 asmfc.org
Creatures of the Chesapeake – Atlantic Menhaden Disappearing at an Alarming Rate http://www.cbf.org/page.aspx?pid=2628
Ecological Depletion of Atlantic Menhaden & Bay Anchovy Effects on Atlantic Coast Striped Bass - Chesapeake Bay Ecological Foundation, Inc., www.chesbay.org
Grin, Ryan,“Menhaden Madness,” City Paper, August 10, 2005: www2.citypaper.com/news/story.asp?id=10385
Menhaden appear to have little net impact on Bay water quality, www.vims.edu/newsandevents/topstories/archives/2010/menhaden_water_quality.php
Menhaden Research at the Virginia Institute of Marine Science, 
www.vims.edu/research/units/projects/menhaden/index.php
“Menhaden restrictions: The one that didn't get away,”  Baltimore Sun, November 14, 2011: articles.baltimoresun.com/2011-11-14/news/bs-ed-menhaden-20111114_1_menhaden-striped-bass-omega-protein
NOAA Chesapeake Bay Office – Menhaden Fish Facts
http://chesapeakebay.noaa.gov/fish-facts/menhaden
Southern Maryland Online -  Menhaden Managers Should Think Like Firefighters somd.com/news/headlines/2011/14449.shtml

Content Specific Resources:
Foundations of Technology
· Access to internet and computers with Microsoft Office (or other presentation creation software)
· 1/8” Nylon cord- 5’ per student
· Scissors
· Computer Aided Drawing software
· Posterboard for brainstorming
· Markers/colored pencils
Biology
· Ecology game

Foundation of Technology Lesson Seeds 

Foundations of Technology Content Standards:

Technology: Standards for Technological Literacy (STL) (ITEA, 2000/2002)
· Understanding the characteristics and scope of technology (STL 1)
· The nature and development of technological knowledge and processed are functions of the setting. (STL 1J)
· Understanding of and abilities to select and use agriculture and biotechnologies (STL 15)
· Agriculture includes a combination of businesses that use a wide array of products and systems to produce, process, and distribute food, fiber, fuel, chemical, and other useful products. (STL 15K)
· Understanding of and abilities to select and use transportation technologies (STL 18)
· Transportation plays a vital role in the operation of other technologies, such as manufacturing, construction, communication, health and safety, and agriculture. (STL 18J)


	5E Components
	Foundation of Technology
Lesson Seeds
	STEM Standards of Practice

	Engagement

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Did you design an activity that..
|X| captures students’ attention?
|_| activates students’ prior knowledge?
|X| connects to a complex question, global issue, challenge, or real world problem?
	Students will:
· Watch a movie on the development of fishing technology.
· Read about fishing technology.
· Reflective nets- Google patent info
http://www.google.com/patents/US6543177
· Website dedicated to protection of marine life- says pingers “don’t work”
http://www.eurocbc.org/page2.html
· Consortium on Bycatch reduction- info on technology evolution- says pingers “do work”
http://www.bycatch.org/research/consortium/fishing-gear-modifications
· Read an article about the effects of bycatch
· http://www.msnbc.msn.com/id/40779203/ns/technology_and_science-science/t/entire-dolphin-families-dying-fishing-nets/#
· Links to several bycatch studies
http://bycatch.nicholas.duke.edu/bycatchstudies
	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
[bookmark: Check7]|_|Engage in Inquiry
|X|Engage in Logical Reasoning
|_|Collaborate as a STEM Team
|X|Apply Technology Strategically

	Exploration
Did you design an activity that allows students to..
|X| analyze the science, technology, engineering, mathematics, and other disciplines as appropriate in a complex question, global issue, challenge, or real world problem?
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]|X| apply a systematic approach (e.g.: engineering design process, scientific and engineering practices) to address the real world connection?
|X| select and employ technological tools that are relevant to answering a complex question, investigating a global issue, or developing solutions to a challenge or real world problem?
	Part I
Students will:
-  explain the material science behind fishing nets (Unit 5, Lesson 5- Agriculture and Transportation).
Teacher Resource 5.5.1 elaborates on how:
· Agriculture includes a combination of businesses that use a wide array of products and systems to produce, process, and distribute food, fiber, fuel, chemical, and other useful products.
· Just as in manufacturing, there are companies and farmers who specialize in primary harvesting (taking the natural element from the earth) and other companies and farmers who specialize in transforming the natural element into something for consumers and/or manufacturers of products.
· The United States Department of Agriculture oversees the rules and regulations related to agriculture and include the Food Safety and Inspection Service Department which helps monitor the safety of food for the public.
· Transportation plays a vital role in the operation of other technologies, such as manufacturing, construction, communication, health and safety, and agriculture.
· Transportation systems include the moving of goods and people. Without transportation technologies, agriculture products would be incapable of moving from the natural occurring element location to consumers.







Part II
Students will:
· Explore different types of fishing nets.
· Identify ways that current nets prevent bycatch.
· Identify possible shortcomings for these nets.
· Collaborate as a STEM team to make their own nets using the engineering design process.
· http://www.jannsnetcraft.com/net-making/ (caution- YouTube)
· http://www.wilderness-survival.net/food-4.php
· http://voices.yahoo.com/video/11478/how-fish-net-311804.html (video for kids- done with paper but could be modified for more sturdy materials- yahoo).

	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|X|Collaborate as a STEM Team
|X|Apply Technology Strategically

	Explanation
Did you design an activity that allows students to..
|X| analyze data and draw conclusions?
|X| communicate understandings and possible solutions? 

	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Students will:
· present constructed nets to the class.
· engage in peer reviews of fishing nets.
	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|X|Collaborate as a STEM Team
|X|Apply Technology Strategically

	Extension / Elaboration
Did you design an activity that allows students to…
|X| modify experimental procedures, prototypes, models, or solutions?
|_| analyze STEM careers that relate to the learning activity?
	Students will:
· Brainstorm improvements based on identified shortcomings.
· Size of holes in nets
· Materials contained in net
· Method of casting net
	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|_|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|X|Collaborate as a STEM Team
|X|Apply Technology Strategically

	Evaluation
Did you design an activity that allows students to…
|X| demonstrate understanding of concepts through rubric-based performance assessments?
|X| participate in peer reviews?


	
Students will develop a prototype fishing net that incorporates brainstormed improvements that will decrease bycatch. The mockup or prototype will be evaluated using a rubric that determines the feasibility and viability of the prototype to have the desired impact of reduction of bycatch. All improvements must include justification based on data collected.
Examples of prototype:
· Computer rendered drawing
· Pencil and paper sketch
· Poster board with pictures and annotation explaining concepts
	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|X|Collaborate as a STEM Team
|X|Apply Technology Strategically





Government Lesson Seeds

Government Content Standards:
· The student will evaluate how the principles of government assist or impede the functioning of government (1.1.2).
· The student will evaluate roles and policies the government has assumed regarding public issues (1.1.3).
· The student will explain roles and analyze strategies individuals or groups may use to initiate change in governmental policy and institutions (1.1.4).
· The student will evaluate the impact of governmental decisions and actions that have affected the rights of individuals and groups in American society and/or have affected maintaining order and/or safety (1.2.3).



	5E Components
	Government
Lesson Seeds
	STEM Standards of Practice

	Engagement

Did you design an activity that..
|X| captures students’ attention?
|X| activates students’ prior knowledge?
|X| connects to a complex question, global issue, challenge, or real world problem?
	Students will:
1. view a brief Chesapeake Bay Foundation video on the Bay’s challenged ecological system.
      Bay Area Facts http://www.cbf.org/page.aspx?pid=433

2. form “citizen groups” to brainstorm the economic impact of the health of the Chesapeake Bay on their lives, viable solutions, and possible action plans. 
	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|X|Collaborate as a STEM Team
|_|Apply Technology Strategically

	Exploration
Did you design an activity that allows students to..
|X| analyze the science, technology, engineering, mathematics, and other disciplines as appropriate in a complex question, global issue, challenge, or real world problem?
|_| apply a systematic approach (e.g.: engineering design process, scientific and engineering practices) to address the real world connection?
|X| select and employ technological tools that are relevant to answering a complex question, investigating a global issue, or developing solutions to a challenge or real world problem?
	Students will:
1. read or view background information on the proposed restrictions on the menhaden fishing industry through informational text. As students read, they will contextualize the articles looking for influences behind the articles and possible biased points of views. 
2. identify how solutions of the issue fall under the concept of federalism and which government agencies and interest groups would have vested interest.
3. examine the arguments of vested interest and lobbying groups who would support or protest the restrictions of this industry.
4. analyze the economic cost and benefits of restricting the menhaden fishing industry to regional stakeholders.
	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|_|Collaborate as a STEM Team
|_|Apply Technology Strategically

	Explanation
Did you design an activity that allows students to..
|X| analyze data and draw conclusions?
|X| communicate understandings and possible solutions? 

	Students will:
1. make a claim for or against the increased restrictions of the menhaden fishing industry in Virginia using the voice of a political stakeholder (e.g.: conservationist, environmental scientist, fishermen’s union representative).
2. write an argumentative speech citing strong supportive data and facts to be presented before an environmental committee of the Maryland General Assembly.  
3. form a value-line or standing in 4-corners, exhibiting the strengths of their feelings for or against the industry’s restrictions--agree/ strongly agree/against/strongly against.  
	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|_|Collaborate as a STEM Team
|_|Apply Technology Strategically

	Extension / Elaboration
Did you design an activity that allows students to…
|_| modify experimental procedures, prototypes, models, or solutions?
|X| analyze STEM careers that relate to the learning activity?
	Students will examine how their decision might impact future of the fishing industry in other regions of the country.  
· What are the short and long-term implications? Are there any current issues or situations that could have been taken into consideration?
· How will careers in the fishing industry be impacted?
· What decisions or concessions must be made in order to ensure industry’s sustainability?
	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|_|Collaborate as a STEM Team
|_|Apply Technology Strategically

	Evaluation
Did you design an activity that allows students to…
|X| demonstrate understanding of concepts through rubric-based performance assessments?
|X| participate in peer reviews?


	Students will:
1. justify their stance charting and choosing the strongest arguments presented that swayed their position on the issue.
2. come to a final General Assembly vote or consensus decision on the future of the menhaden fishing industry.
	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|_|Collaborate as a STEM Team
|_|Apply Technology Strategically























Biology Lesson Seeds

Biology Content Standards:
· 3.5.1 The student will analyze the relationships between biotic diversity and abiotic factors in environments and the resulting influence on ecosystems.
· 3.5.2 The student will analyze the interrelationships and interdependencies among different organisms and explain how these relationships contribute to the stability of the ecosystem.
· 3.5.3 The student will investigate how natural and man-made changes in environmental conditions will affect individual organisms and the dynamics of populations.
· 3.5.4 The student will illustrate how all organisms are part of and depend on two major global food webs that are positively or negatively influenced by human activity and technology.
· 3.6.1 The student will analyze the consequences and/or trade-offs between technological changes and their effect on the individual, society, and the environment. They may select topics such as bioethics, genetic engineering, endangered species, or food supply. (NTB)
· 3.6.2 The student will investigate a biological issue and be able to defend their position on topics such as animal rights, drug and alcohol abuse, viral diseases (e.g., AIDS), genetic engineering, bioethics, biodiversity, population growth, global sustainability, or origin of life. (NTB)
· 3.1.1 The student will be able to describe the unique characteristics of chemical substances and macromolecules utilized by living systems.

Environmental Science:
This issue can also be used to address most of the environmental science standards.  Addressing this in an environmental science course would allow more time to go into more depth and possibly extend into an action research project (Science Core Learning Goal 6).


	5E Components
	Biology
Lesson Seeds
	STEM Standards of Practice

	Engagement

Did you design an activity that..
|X| captures students’ attention?
|X| activates students’ prior knowledge?
|X| connects to a complex question, global issue, challenge, or real world problem?
	Students will:
1. view clips of moose-wolf interaction (hunting and defense behaviors) http://www.isleroyalewolf.org/videos
2. brainstorm what they already know about wolves and moose.
3. examine the wolf-moose population graph. Identify information that they can get from the graph. Describe trends noticed in the graph.
4. make a claim about the relationship between the size of the moose population and that of the wolf population. Identify the evidence on which the claim is based.
	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|_|Collaborate as a STEM Team
|X|Apply Technology Strategically

	Exploration
Did you design an activity that allows students to..
|X| analyze the science, technology, engineering, mathematics, and other disciplines as appropriate in a complex question, global issue, challenge, or real world problem?
|X| apply a systematic approach (e.g.: engineering design process, scientific and engineering practices) to address the real world connection?
|X| select and employ technological tools that are relevant to answering a complex question, investigating a global issue, or developing solutions to a real world problem?
	Ecology Predator/Prey Game (different versions exist, adapted to different grade levels and time):  Structured card game in which students take on roles from different niches in an ecosystem, such as predator, top predator, herbivore, decomposer, etc.  Resource cards, such as food sources, water access, and territory and event cards, such as injury, drought, and predation, are distributed.  Students play through rounds of the game, tracking who survives and with what resources.
Students will:
1. play several rounds of the game, enough for individual players to fail to survive.
2. keep track of survival statistics from each round. Then predict the results for the next several rounds.
3. after playing those rounds, compare the predictions to the actual outcomes.
4. explain similarities and differences between their predictions and the actual results. Highlight trends in resource availability and its impact on populations.
5. revisit the claims made about wolves and moose. Clarify the evidence on which claims were based.
6. read the research conducted on the wolves and moose on Isle Royale 
                  Isle Royale wolves and moose population studies
· www.isleroyalewolf.org/wolfhome/home.html
· www.fortunatewilderness.com
7. brainstorm roles and resources in an ecosystem. Weigh these roles and resources and make a general ranking of the importance of each in survival of both an individual and a population.

	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|_|Collaborate as a STEM Team
|X|Apply Technology Strategically

	Explanation
Did you design an activity that allows students to..
|X| analyze data and draw conclusions?
|X| communicate understandings and possible solutions? 

	Using the data collected during the ENGAGEMENT and EXPLORATION phases, students will:
1. participate in guided discussions.  PowerPoint or Prezi presentations can be used along with the fishbowl or expanding panel discussion strategies. 
2. clarify understandings of key ideas, such as biotic factor, abiotic factor, niche, and limiting factor.  
3. construct personal graphics to demonstrate food web relationships and interactions between food webs and environmental limiting factors.
4. using graphs, predict changes in population dynamics in response to overfishing, overpredation, changes in available food sources, etc. 
	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|_|Collaborate as a STEM Team
|X|Apply Technology Strategically

	Exploration
Did you design an activity that allows students to..
|X| analyze the science, technology, engineering, mathematics, and other disciplines as appropriate in a complex question, global issue, or real world problem?
|X| apply a systematic approach (e.g.: engineering design process, scientific and engineering practices) to address the real world connection?
|X| select and employ technological tools that are relevant to answering a complex question, investigating a global issue, or developing solutions to a challenge or real world problem?
	Applying what they have learned about ecological niches and the impact of population changes on resource usage, students will:
1. examine historical data, including catch records, uses of menhaden, general weather trends, etc. http://www.chesbay.org/articles/latest2.asp
2. examine the effects that bycatch has on the menhaden population.
3. interpret data about population level and environmental factors such as salinity, turbidity, pollution.
4. make a claim about the future of Chesapeake Bay menhaden population.
5. list evidence used to make their claim, especially those pieces previously encountered in the earlier phases of the learning cycle and identify each as strong, weak, or possibly counter.
6. craft research questions to further explore their claim, paying particular attention to resolving weak or counter evidence.

	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|_|Collaborate as a STEM Team
|_|Apply Technology Strategically

	Evaluation
Did you design an activity that allows students to…
|X| demonstrate understanding of concepts through rubric-based performance assessments?
|X| participate in peer reviews?
	Students will:
1. assume roles in “Selection Committees.”
2. review a set of the proposed research questions as part of each committee.  
3. evaluate each proposal for merit using a rubric developed by the class.
3. write an argument for why their selection should be the one funded.  The argument will be evaluated for its strength as an argument and the demonstrated understanding of ecological systems.
	|X|Learn and Apply STEM Content
|X|Integrate STEM Content
|X|Interpret and Communicate  Information from STEM
|X|Engage in Inquiry
|X|Engage in Logical Reasoning
|X|Collaborate as a STEM Team
|_|Apply Technology Strategically
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