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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: _990b2y18o2k]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):

Mānoa Stream in the ahupuaʻa of Waikīkī on the island of Oʻahu. 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 of ʻIolani Schoolʻs Nā Wai ʻEkolu Program. By removing invasive fish from the streams at designated study sites on a regular basis in Makiki, Pālolo, and Mānoa Stream, corridors of habitat for native species can be created such that they will have increased opportunity to complete their life cycles and migrate to their preferred habitat zones within the stream (upper, middle, lower). Efforts to remediate these streams can serve as a template to remediate the streams of other ahupuaʻa and their streams (i.e. Kipapa, Waikakalaua in Central Oʻahu). For example, the streams of central Oʻahu may not be as impacted by urbanization in the middle and upper habitats but are also threatened by invasive species. Community partner Cory Yap has noted seeing many invasive species in “pristine” areas of Waikakalaua.
This lesson will build up to a lure design challenge that targets an invasive species in Lesson #2. This will be accomplished through an introduction to Hawaiian streams, native and invasive organisms, and threats to the stream, practicing data/fish collection, a field trip to a designated study site with Nā Wai ʻEkolu community partners, and culminate with data analysis from the site and a comparison to other sites along the stream and within the ahupuaʻa. Through these experiences, students will be exposed to native stream organisms and the impacts of invasive organisms. Students will discover through experience and analysis of data that certain native species are preyed upon by invasive species in Mānoa stream, particularly by the Smallmouth Bass.
The story goes that the Smallmouth Bass (Micropterus dolomieu) 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. 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. Even knowing this, our community partner has mentioned that some people do get upset when they learn about the removal of Smallmouth bass. They have personal moʻolelo that relate to fishing for Smallmouth bass in Mānoa stream and want to perpetuate those experiences with their families. 
ʻOʻopu ʻōlelo noʻeau:
He nōpili ka i'a, pili pa'a ke aloha
The nōpili is the fish; love clings fast. 
Said of the freshwater goby ('o'opu) of the nōpili variety, known to climb waterfalls by clinging fast to the wet stones. It was used by kahuna in hana 

He 'o'opu ku'ia, ka i'a hilahila o Kawainui.
A bashful 'o'opu, the shy fish of Kawainui.

Ho'i ka 'o'opu 'ai lehua i ka mapunapuna.
The lehua-eating 'o'opu has gone back to the spring. 
Said of one who has gone back to the source

Our team has agreed to explore designing a lure that targets invasive Smallmouth Bass (Micropterus dolomieu) located in the Mānoa Stream, specifically through engaging biomimicry of the ‘Ōpae ‘oeha‘a (Macrobrachium grandimanus) and/or the ‘O‘opu akupa (Eleotris sandwicensis) as the conceptual basis of our lure. ‘Ōpae ‘oeha‘a is an endemic species of freshwater shrimp found predictably in the lower reaches of Hawaiian freshwater stream ecosystems, due to their relative inability to climb the steeper areas of the streams (including cliff faces) in higher elevations. ‘O‘opu akupa is an endemic species of amphidromous eleotrid (fish), that spend their juvenile stages in brackish water but return to the freshwater streams to spawn; like the ‘Ōpae, it lacks the ability to climb into the upper elevations of streams and therefore is found in the same location of the ecosystem. Both of these species are prey of the Smallmouth bass and biomimicry of the ‘Ōpae and ‘O‘opu body forms and behaviors were determined to be crucial in constructing a successful lure to catch the invasive bass.
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.  
Lesson Plan: Plan #1

Lesson Focus: Student relationship to freshwater stream ecosystems, importance to watershed, and history of urbanization of Honolulu and loss of freshwater stream habitats and disruption of native organisms in those environments. 

Total Time Required:
· 4 days

Lesson Objectives:
Students will be able to:
· Describe ecosystem services provided by freshwater streams
· Describe keystone organisms and invasive species in freshwater ecosystems, in addition to their unique behaviors and lifecycles
· Describe history of Honolulu streams and impact upon watershed in that ahupua’a
· Perform pa’epa’e fishing technique
· Analyze data to determine current health of freshwater stream ecosystem across multiple sample points, in addition to longitudinal comparisons with data from previous sampling years to determine change in ecosystem health due to remediation efforts

Tools and Materials
	Tools and Materials
	Quantity Needed

	Pa’epa’e o Waikolu (Nā Wai ʻEkolu Project) community partner (speaker)
	1+ (see contact info on website: https://www.nawaiekolu.org/ )

	Pa’epa’e fishing tools
	Various - depends on number of students on field trip

	(Optional) Transportation to field site
	Various - depends on number of students on field trip 

	Handouts (informational, notetaking)
	See slidedeck for fillable slides to print for students


Special Notes on Materials:
· Pa’epa’e materials are property of and provided by Nā Wai ʻEkolu Project

Lesson Procedures
Elicit - What do we know about freshwater stream ecosystems & fishing in Hawai’i? 
1. Have students visit stations and fill in part of the KWHLAQ. Once student groups have had a chance to engage with all stations, discuss learning, connections, questions, etc. that students discussed.

Engage - Speaker session: Cory Yap - Pa’epa’e of Waikolu
2. Make arrangements with Nā Wai ʻEkolu to complete their lessons. 
a. Lesson #1 - Introduction to Hawaiian Streams (can also use linked recording)
b. Lesson #2 - Practicing Paʻepaʻe method to be used on field trips

Explore - Field site visit: Pa’epa’e at Manoa stream
3. Lesson #3 - Field Trip to field site to remove invasive species, collect data

Explain & Evaluate
4. Lesson #4 - Data Analysis (can also use linked recording) 
5. Students evaluate the data,, which would likely show a highly degraded stream based on the species collected
6. Students observe figures from Nā Wai ʻEkolu data from the three streams in the Waikīkī ahupuaʻa using the i2 strategy. They will evaluate the impact of their efforts, noticing that the 


Student Resources: See linked slidedeck for all lesson resources

· “Fishing in Hawai’i-A Student Manual” provided by Department of Land & Natural Resources
· Can give students background knowledge about the Smallmouth Bass, such as description and distribution; however, the significance will be the diet that these Smallmouth Bass eat in relation to the type of lure that students will want to develop. 
· “Hawai’i Biodiversity-Streams”
· Can give students background knowledge about freshwater ecosystems in Hawai’i, more particularly about native/endemic species. This only gives a small tidbit of information, but students will need to mind which organisms that they wish to model their lure around, especially in relation to not impacting target species and to not adversely affect the performance of their lure. Additionally, there is a sense of purpose of what constructing these lures will represent towards protecting Hawaiian ecosystems and organisms. 


Student documents e.g. observation sheets, reflective journals, assessments, and other assignments. Include assessment rubrics or keys as needed]
[bookmark: _t8l0i0cvc5j5]See linked slideshow for all lesson resources
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