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[bookmark: _gjdgxs]7 E Unit Plan 
Stream Remediation with DBAIT Lures 
Teacher(s): Jenny Kuwahara, Daniel Pavao,  John Sandvig
School: Mililani HS, Leilehua HS
Grades or Subjects: Marine Science, Environmental Science, Engineering Tech 1/2
Time: 1-2 weeks


[bookmark: _gjdgxs]NGSS Standards:
HS-LS2-7.Design, Evaluate, and Refine a solution for reducing the impacts of human activities on the environment and biodiversity.
HS-LS4-1. Communicate scientific information that common ancestry and biological evolution are supported by multiple lines of empirical evidence.
NGSS Crosscutting Concept 2. Cause and effect: Mechanism and explanation. Events have causes, sometimes simple, sometimes multifaceted. A major activity of science is investigating and explaining causal relationships and the mechanisms by which they are mediated. Such mechanisms can then be tested across given contexts and used to predict and explain events in new context
NGSS Crosscutting Concept 4. Systems and system models. Defining the system under study—specifying its boundaries and making explicit a model of that system—provides tools for understanding and testing ideas that are applicable throughout science and engineering.
 
Na Hopena A‘o: 
1. Strengthened sense of Belonging: I stand firm in my space with a strong foundation of relationships. A sense of Belonging is demonstrated through an understanding of lineage and place and a connection to past, present, and future. I am able to interact respectfully for the betterment of self and others 
2. Strengthened Sense of Responsibility: I willingly carry my responsibility for self, family, community and the larger society.. 
3. Strengthened Sense of Hawai‘i: I am enriched by the uniqueness of this prized place. A sense of Hawai‘i is demonstrated through an appreciation for its rich history, diversity and indigenous language and culture. I am able to navigate effectively across cultures and communities and be a steward of the homeland.

To the Teacher: Connections to Place and Culture(s):
In this lesson, students will be challenged to use CAD to design a lure that targets Smallmouth Bass (Micropterus dolomieu) located in the Mānoa Stream in the ahupuaʻa of Waikīkī on the island of Oʻahu. Smallmouth Bass were intentionally brought to reservoirs as sportfish by the state, but were likely moved to streams intentionally by people who wanted the resource closer to home. Additionally, they are considered an invasive species in Hawaiiʻs freshwater streams and disrupt those local food webs by preying upon a wide variety of endemic fish and crustaceans in those environments and, in doing so, often disrupt native species from completing their amphidromous life cycles. Currently, the Smallmouth Bass can be found in freshwater resources on the islands of Oʻahu, Kauaʻi, and Hawaiʻi (“Big Island”). 

The Waikīkī ahupuaʻa has been highly modified and urbanized, including the diversion, channelization, and cementing of stream bottoms. These modifications create habitat changes that are less hospitable for native species (i.e. increased water temperature in cement bottom streams), along with competition with and predation by invasive species have impacts on the ability of native species to make their way upstream. In studies conducted by Cory Yap through his community outreach project, he has found that although Mānoa stream might have the least modifications and most hospitable habitat relative to the other streams in the Waikīkī Ahupuaʻa (Makiki and Pālolo), Mānoa stream has the fewest native species that appear in upper stream study sites relative to the other streams. It is also the only stream that has Smallmouth Bass of the three.  Thus, Smallmouth bass are likely preying on native species, including Oʻopu Akupa and ʻŌpae Oehaʻa, inhibiting migration to upper areas. Preliminary research Cory has completed in collaboration with students at ʻIolani School suggest that DNA and stomach contents of Smallmouth bass in Mānoa stream show evidence of those two species as their prey. 

Remediation of streams in the Waikīkī ahupuaʻa, including Mānoa Stream, as one of the most degraded stream networks on Oʻahu is a focus of our long-time community partner Cory Yap. By removing invasive fish from the streams at designated study sites on a regular basis, corridors of habitat for native species can be created in hopes they will have increased opportunity to complete their life cycles. Efforts to remediate these streams can serve as a template to remediate the streams of our ahupuaʻa (Kipapa, Waikakalaua). The streams of central Oʻahu are not as impacted by urbanization but also have similar threats of invasive species. Community partner Cory Yap has noted seeing many invasive species in “pristine” areas.
The 7E lesson format supports a community of practice that elicits prior knowledge, engages learners in a meaningful topic, explores to build new knowledge, explains what is learned, elaborates through demonstration and discussion, extends what is learned into the community, and evaluates each step to support engaged and authentic learning.  
[bookmark: _eph4tnikap2r]Lesson #2 Plan:
[bookmark: _6w20jrg7k64a]Elaborate & Evaluate: CAD & 3D Printing

Lesson Focus:
· This lesson will allow students to design a solution to a real-world problem, utilizing biomimicry to inspire the form and function of their design, as well as fabrication of the designs via modern additive manufacturing techniques.
· Integration of science concepts (biomimicry), place-based knowledge, and engineering design process principles.

Total Time Required:
· 4-5 class periods

Lesson Objectives:
Students will be able to:
· apply understanding of target fish preferences and behaviors (diet, geographic distribution) as well as prey species behaviors (amphidromous reproductive behaviors, geographic distribution/migration patterns) to design lure for target fish using biomimicry inspiration
· build a 3D model of a biomimicry fishing lure using 3D CAD (OnShape) and/or modeling clay
· (optional) use photogrammetry to create a digital 3D model of physical clay models
· use 3D CAD (OnShape) to make a 3D negative/mold of the model 
· (optional) use 3D printing slicing software to prepare molds for fabrication
· make a claim and justify it to an audience about why the design they made will be effective for catching target species and meeting all defined success criteria

Equipment and Materials
	Tools and Materials
	Quantity Needed

	Air dry or oven bake clay
	1 “fist size” portion per student group

	Smartphone/Tablet with KIRI Engine App (optional)
	1 per group

	Rotating tray/turntable/Lazy Susan (optional)
	1 per class

	Computers with internet access for OnShape
[OnShape account required - free for educators/students]
[Slicer software may need to be pre-installed or a browser-based software utilized]
	1 per group

	3D printer + filament
	1+ per class (more printers allows for faster mold fabrication)


Special Notes on Materials:


Lesson Procedures: 
Elicit
1. Discussion with students to recall issues in Manoa stream brought up by Cory Yap; highlight invasive smallmouth bass (to be target species) - see contents of Lesson 1.

Explore/Explain
1. Introduce students to the concept of biomimicry as inspiration for design to solve real-world issues. 
2. Present students with the biomimicry challenge (aka: DBAIT design brief) - Design fishing lure, utilizing biomimicry and information about target species, that would efficiently capture target species while minimizing bycatch of non-target species.
3. Students work to brainstorm lure designs on dry erase boards (or in notebooks) and engage with informational material regarding the target species and other stream species. Students will present preliminary ideas to the class for peer feedback. Students may also opt to mold their design using molding clay.

Evaluate
1. Students who submit “video pitches” for their designs are evaluated by both their peers and instructors, based on how well the group’s design has addressed the core criteria of the challenge (i.e - mimicry, meeting success criteria outlined in design brief, well-defined design constraints, predicted function of lure).

Explain/Elaborate
1. Students will translate their initial drawn/physical modeled designs into 3D version via either:
a. 3D CAD (e.g. - OnShape) - direct instruction to students on how to use 3D CAD software to model their lure designs.
i. Tutorials for using OnShape can be obtained here (courtesy of Jim Jones) or via OnShape Learning Center
b. Photogrammetry (e.g. - KIRI Engine) - direct instruction to students on how to use photogrammetry software to capture images of their physical models and translate them into a 3D model
i. Tutorials for KIRI Engine are contained within application or here
2. With a 3D Model of the lure, students will design injection-molds for their lures using their 3D models as a relief into a rectangular prism body. 
a. Tutorials for creating an injection-mold for lures can be obtained here (courtesy of Jim Jones)

Student Resources: See linked slidedeck for all lesson resources


Student documents e.g. observation sheets, reflective journals, assessments, and other assignments. Include assessment rubrics or keys as needed]
[bookmark: _jd5u5795veoi]See linked slidedeck for all lesson resources
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