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· Title: HUMAN-ENVIRONMENT AQUATIC LAB (HEAL) CURE

· Author: Jamie Kneitel

· Institution: California State University, Sacramento

· The Ecological Question: How are populations and communities structured in human dominated aquatic ecosystems? 

· Four Dimensional Ecology Education (4DEE) Framework

· Core Ecological Concepts: 
· Population
· Community
· Ecosystem
· Landscape

· Ecology Practices: 
· Natural history
· Fieldwork
· Quantitative
· Critiquing
· Collaborations

· Human-Environment Interactions: 
· Human shape and manage ecosystems and environment

· Cross-cutting Themes:
· Spatial and temporal scale
· Systems

· What Students Do: 
· Read, critically evaluate, and communicate the structure and findings of a research article
· Design a study to test developed hypotheses on topics related to ecology and human-environment interactions
· Write and orally present a research proposal
· Implement study, collect data, input and analyze data (including statistics and graphs)
· Conduct background research on project topic and create a bibliography
· Give oral presentation in a conference-style talk

· Student-active Approaches: 
· Collaboration and implementation of a research project
· Communication of research project

· Student Assessments: 
· Ecology/HEI Observation and Hypotheses assignment
· Article anatomy assignment and participation in discussion
· Project proposal
· Final oral presentation of project (including powerpoint slides and bibliography)

· Class Time:   Full semester 
· DRAFT SCHEDULE (3-hour labs)
	WEEK
	Topic
	HEAL-CURE

	1
	Class Intro; What is Ecology + Human-environment interactions Walk
	Student groups, Intro, Ecology/HEI Observation and Hypotheses assignment

	2
	Article anatomy, part 1; Group Project Walk ‘n Talk 
	Scientific communication, critical evaluation of research, and human effects in the environment 

	3
	Article anatomy, part 2; Group Project Walk ‘n Talk
	Scientific communication, critical evaluation of research, and human effects in the environment

	4
	Group Project
	

	5
	Other course exercises
	Assist with project ideas

	6
	Other course exercises
	Assist with project ideas

	7
	
	I Proposal due

	8
	
	II Proposal due; Group meetings

	9
	
	III Proposal due; Proposal presentations

	10
	
	Data Collection/Analyses

	11
	Other course exercises
	Data Collection/Analyses

	12
	Other course exercises
	Data Collection/Analyses

	13
	
	Data Collection/Analyses

	14
	
	Presentations




· Course Context:   This targets Jr/Sr-level students who are Biology or Environmental Studies majors. 

· Acknowledgements:   
I am grateful to Justin St. Juliana and George Middendorf’s guidance and feedback with the development of this CURE during the HEI-FMN in Fall 2023 (and beyond) and Joya Mukerji for insightful discussions about CUREs.


OVERVIEW
The overview is written for faculty but can be used, with some editing, as the basis for an introduction for students. 
The HUMAN-ENVIRONMENT AQUATIC LAB (HEAL) is a CURE designed for an upper-division division ecology lab with students majoring in biology, environmental studies, or related majors. This course-based research experience emphasizes aquatic and aquatic-adjacent ecosystems but can be expanded to use in any ecosystem. Its goals are for students to gain genuine research experiences through critically assessing the literature, developing hypotheses, organizing and implementing a study, managing and analyzing data, and disseminating the study. Moreover, students will gain skills in collaboration and a deeper understanding of the ecology and human-environment interactions in their region.
Ecological principles and concepts are primarily covered in lecture, while natural history and scientific skills are covered in lab. The human-environment interactions are covered in both settings. This includes the effects of human activities on ecological systems, our dependence on ecosystems, and the management of populations, communities, and ecosystems. My strategy is to pair the ecological concepts/natural history with the human-environment interactions. For example, covering community structure and theory of island biogeography pairs well with habitat loss effects and reserve design. This helps students’ mindset to considering these issues simultaneously.
During the first week, students are organized into groups of three at six tables. An introduction to the semester and the CURE is also covered in detail. The first week also includes a walk outside along the American River to discuss “what is ecology?”. Our discussions on these walks include the scientific method, natural history of Sacramento, and human effects on populations, communities, and ecosystems in the region. Their assignment is to identify three ecological patterns (observation) and three examples of human-environment interactions. They then must develop three hypotheses that could be tested among the observations. The hypothesis must include dependent and independent variables (which is also introduced). This approach gets them started using the scientific method for ecologists.
Many programs, including ours, have students starting to read research articles early in the curriculum. I like to reinforce those previous experiences and skills with an article anatomy assignment early in the semester (see Draft Schedule above). Further, I emphasize the human-environment interactions that is CURE’s theme by using a paper that explicitly tests this topic. Consequently, choosing a relevant research article is crucial. For example, I have used one of my graduate student papers that compared bird communities in urban and exurban parks (Haas et al. 2020) because it was done locally and in locations that students know and the habitat like what we encounter on our walks. [It even inspired one group to use Merlin Bird ID to assess bird communities along a disturbance and invasive tree gradients for their project.] Lastly, I break up the discussion of the paper into two weeks so that we are not spending a whole lab period sitting and discussing an article. I use the rest of the time to discuss the initial Group Project and their final project out along the American River. 
In week 4, a group project introduces the students to the steps that will be implemented in the CURE. This also gives the groups a chance to connect as collaborators. At this point, a discussion and contract can be implemented about what it means to collaborate and what is expected to be engaged with collaborators. This smaller project is not necessarily spoon-fed to them, but I will pick a system and provide background natural history. For example, the lab has used mistletoes parasitism of trees for this project (for background, they read Watson 2001). I provide them basic biology and ecology of the system and initiate discussions of possible hypotheses that we can test and what connections there are to the human-environment interaction. For example, we have measured tree size (height, DBH), distance to road, distance to river, nearest neighbor uninfected tree size, and whether the trees are native or exotic. Each group can be used to collect a replicate data set (n = 6). We develop the hypotheses and collect data as a lab. We compile the data in a shared drive and each group then does their own background research, analyses, and submit a paper in a research article format. This is not directly part of the CURE and therefore I will not go into further detail. I think of it as a warm-up project for the CURE.
As part of the initial considerations for their development of a CURE project, I have the students read Grimm et al. 2008 and Carter et al. 2009 for general background. These useful review papers give students a framework to think about human-environment interactions for the study that they will develop. The groups then progress through the HEAL-CURE Proposal questions along the set timeline. Examples of student projects in the past have included:
1. “Levee construction effects on soil invertebrate communities”
2. “Plant community structure along an environmental and human disturbance gradient”
3. “Distribution, abundance, and life history of an invasive species (common stork’s bill, Erodium cicutarium) along a moisture gradient”
4. “American River water quality and invertebrate abundance associated with salmon and levee restoration”.
With guidance by the instructor, the development of the project allows students to contribute and take ownership of the scientific process.
Instructors should cover the HEAL-CURE “flightplan” early in the semester. The proposal directions have details of how students should proceed. I try to keep in touch with each group’s progress. It is crucial to keep in regular communication and make sure they are on the right track. Moreover, instructors should keep groups grounded, making sure they are thinking of projects that are doable within the limits of time, abilities, and equipment. Further, make sure they are thinking about the core ecological concepts and the human-environment interactions in their project. Another aspect to be mindful of is the statistics to be used (which are appropriate and how to conduct them). This could be addressed with each group as a whole lab exercise. Additionally, using an hour of lab time to address best practices and expectations for their talks is useful.
Once the Proposal is complete, students can proceed with the collection of their data, analyses, and final presentation development. You will find there can be great variation in the time and size of the projects. It is not always realistic to keep all of that perfectly equitable. However, some projects end up being high quality, and you can encourage students to present their findings at a local or university research symposium. Depending on your time and interest, other items that I’ve considered to include with the project have been (a) digital shared lab notebook for each group and (b) VLOG posts of the projects. I have experimented with these but have not officially included them.
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Learning Objectives: For more information on writing learning objectives and incorporation of 4DEE into learning objectives, see https://www.learngala.com/cases/ocelots-author-guidelines-toolkits/4 

Learning Outcomes:
a. Critically assess scientific literature
b. Apply ecological concepts to an aquatic (or aquatic-adjacent) ecosystem
c. Design and conduct a study testing human effects on an ecological system
d. Manage and analyze data
e. Collaborate with others on research project and dissemination
f. Communicate scientific results with strengths/shortcomings and implications for the fields of ecology and understanding of human-environment interactions

Student Instructions: 
This is found in the Project Proposal 

Faculty Notes and Materials: 
This is found in the Project Proposal and the Overview above.
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