Lake Social Ecological Systems (LaSES) Center 

1. Vision
Lakes are social ecological system integrators, capturing and concentrating intended and unintended consequences of anthropogenic activity occurring in their watersheds. Lakes are also ideal sentinels to track large-scale patterns such as those related to climate change. The numerous small and large lakes of north Idaho provide an ideal laboratory to address critical social ecological system questions pressuring lake-centric communities and watersheds in Idaho and across the nation. The Lake Social Ecological System (LaSES) Center will expand UI’s hard-earned reputation as a center of excellence in water centric social ecological system research and education by transforming under-utilized laboratory space at the UI-CDA Community Water Resource Center (CWRC) into a prominent lake research center. Locating LaSES at UI-CDA places it at the nexus of the region, with UI researchers, educators and staff representing knowledge capital with a skill set ready to tackle the challenges of social ecological system science, policy, education and outreach. LaSES will institutionally demonstrate UI’s commitment to serving the social-ecological education and research needs of north Idaho, including the indigenous nations of the region, while fulfilling UI’s commitment to build a SES research center as a legacy of the Idaho EPSCoR MILES project.

2. Goals
1. Establish a world-class lake social ecological system research laboratory and program that supports the spectrum of research essential to resolving social-ecological problems in and around north Idaho lakes and throughout the world.
2. Provide a STEM pipeline for recruiting north Idaho students to UI.
3. Provide water resources research training to undergraduate students, graduate students, and working professionals. 
3. Administration
LaSES will initially be managed by IWRRI’s North Idaho Associate Director, be supported administratively by UI-CDA, and be advised by a steering committee drawn from UI faculty and external stakeholders. As LaSES succeeds and grows, it is anticipated that a full-time director will be hired. LaSES will make its facilities available for faculty, adjunct faculty and visiting researchers in return for their leading or co-leading summer undergraduate and graduate courses and seminars. LaSES’s analytic laboratory will support LaSES’s research needs and CWRC’s education and outreach mission. Additionally, LaSES has the potential to satisfy the State of Idaho and the Coeur d’Alene Tribe joint Coeur d’Alene Lake Management Plan requirement for a Coeur d’Alene Lake research and public education center. Over time, LaSES will become a year-round, fully self-supported and fully equipped lake social ecological system research and education facility. Opportunity exists for LaSES to form the nexus of a cooperative research unit with state, federal and tribal agencies.

4. Approach
To reach its full potential as a premier world-class lake social ecological system research and education center, LaSES must demonstrate short-term success of concept to build strong ties among researchers, students, the community, agencies, and tribal nations. This will require a well-focused, delimited initial operation to be expanded as funding, magnitude of projects, number of researchers, students and stakeholders and reputation increase. Initial activities will leverage existing efforts of Idaho EPSCoR, concentrating on Coeur d’Alene Lake and Fernan Lake. Concentrating on the two lakes closest to the physical lab provides opportunity to work on both large and small lakes while minimizing initial mobilization costs. Initial research will concentrate on the biologic functioning of lakes to best match identified research questions (see Section 6), utilize existing lab equipment (see Section 5B), leverage ongoing socio-economic MILES research and fit proposed equipment expenditures into available budget, while positioning LaSES through demonstrated success to attract major funding of complex lake social ecological system research ($1.8M NSF CNH proposal pending). In future years additional lab equipment will be added to expand LaSES’s analytic capabilities. 

On the ecological side of the center, we will start with seasonal operation (April- October) that makes use of the typical “warm water growing season” when lake ecosystems are most active (physically, chemically and biologically). This operating season also coincides with significant semester breaks for researchers/faculty and students, making them available to participate. On the social side of the center, we will expand research on the socio-economic value and governance of the region’s lakes and rivers initiated by MILES and IWRRI (Liao, Wilhelm and Solomon 2016; Solomon and Scott 2014; Solomon 2015).

We initially plan to use a ‘cohort approach’ of summer student - faculty supervisors/mentors to pursue field-based research that can be realistically completed in a ‘season’. This will: 1) ensure success for the student/mentor pair, 2) provide immediate short-term tangible results demonstrating the value of our approach to build the center, 3) establish LaSES’s regional and national reputation, 4) engage local communities that can benefit from science-based inquiry and problem solving of their real-world problems, and 5) provide a strong foundation from which to pursue additional funding for future expansion.

LaSES is ideally located to build a STEM pipeline to UI from North Idaho College. We will leverage the existing Idaho EPSCoR MILES Undergraduate Research Internship program (MURI) to build LaSES’s first and future summer cohorts through aggressive recruitment of student interns from NIC to pair with researcher mentors from Idaho Department of Environmental Quality (IDEQ), Idaho Fish and Game Department (IDFG), and Coeur d’Alene Tribe, along with traditional UI faculty and students. 
LaSES will submit a proposal to the National Science Foundation to establish LaSES as a Research Education for Undergraduate (REU) site, dovetailing REU with LaSES’s cohort education approach. An REU will enhance faculty and partner mentor participation given that student salaries, housing and research allowances covered by an REU award are greater than available through MURI. LaSES Research Co-Director Wilhelm has extensive experience in REU proposal development and implementation: UI CRISSP 2014, UI CRISSP 2008-2014, and UI EnvSci REU 2008-2011. The goal will be to prepare the application during year 1 for 2017 proposal submittal.
The work contemplated at LaSES is interdisciplinary by nature. Just as lakes are integrators of watershed, climate and anthropogenic activities and processes, LaSES will provide a base for exploring the limnology, ecosystem and social processes of lakes. The Dynamics of Coupled Natural and Human Systems (CNH) proposal currently pending before NSF is an example of the type of research that will, if successful, provide funding for research at LaSES. IWRRI Interim Director Solomon and LaSES Research Co-Director Wilhelm are investigators on the CNH proposal, as is Dr. Dale Chess of the Coeur d’Alene Tribe Lake Management Department. Wilhelm, Solomon and Chess are jointly exploring development of a Large Lakes proposal to NSF’s Macrosystems program that if submitted will include LaSES as an integral component. 
5. Start-up Requirements
A. Staffing: The IWRRI North Idaho Associate Director will direct and manage LaSES start-up and lead LaSES social science research, a position currently held by IWRRI Interim Director Solomon. LaSES Co-Director Wilhelm will start and direct the ecological research and education program. Administrative support will be supplied by IWRRI and UI-CDA, depending on the nature of the support required with IWRRI handling fiscal tasks and reporting. Jim Ekins, UI Ag Extension Water Specialist, and Marie Pengilly, CWRC and MILES CDA coordinator, will start and direct the outreach and public education program.

B. Laboratory Equipment: LaSES’s potential for success is made possible through utilizing and expanding available basic infrastructure. The laboratory space of the UI-CDA Community Water Resources Center, located directly on the Spokane River just downstream of Coeur d’Alene Lake, will become the physical nucleus of LaSES, accommodating the research proposed herein and contemplated future expansion. This laboratory space is ideally suited as basic items such as functioning fume hoods, standing and sitting laboratory bench space, a compound microscope, autoclave, water filtration system (or the majority components for one), a Hach DR2800 spectrophotometer, Orbec turbidity meter, benchtop pH meter, Eureka multi-parameter water sonde, some glassware and sample containers, IT support and infrastructure, and office space for personnel are already in place. Availability of this physical space will permit immediate operation and, because it is modern and in an attractive setting, will draw researchers from within and outside the University of Idaho for projects of local, regional, national and international interest. 

C. Field Equipment: To become a functional lake system research center requires the presence of standard aquatic sampling gear and infrastructure such as boats, trailers, storage, and harboring facilities.  For work on smaller lakes, a 16ft aluminum flat bottom boat will provide the most stable sampling platform, while sampling on Coeur d’Alene Lake will require the investment in a large boat, preferably one with a cabin to shelter personnel and equipment in inclement weather. LaSES will take advantage of UI-CDA’s former life as a dock-accessed event center by installing modular dock sections attached to pilings in front of the facility to harbor research vessels during working hours. Secure storage for vessels is available for lease in the vicinity when not in use.

6. Research
A wide variety of projects ranging from wetland function to high-resolution seasonal succession of algal communities and standard profiles in select bays of Coeur d’Alene Lake and other nearby lakes with a diversity of potential mentors is available for immediate start. Such projects will allow students to be involved with hand-on research, providing valuable out-of-classroom experiential learning while being mentored by a faculty or researcher in a one-on-one setting.  Experience has shown that this style of mentoring is highly effective and leads to increased learning, retention of students, and success after graduation. The types of projects undertaken are real-world based and will provide important information needed to understand and manage these aquatic ecosystems. Stakeholders and end users include IDEQ, IDFG, Coeur d’Alene Tribe, Idaho Department of Lands (IDL is responsible for permitting over/on water structures such as boat docks, or benthic barriers to eradicate invasive aquatic plants), and local stakeholders such as the Fernan Lake Conservation and Recreation Association (FLCRA) and the Kootenai Environmental Alliance (KEA). Depending on the nature of the project/question, mentors may also come from these organizations. Potential research projects include:

[bookmark: _GoBack]A. Diel and seasonal dissolved oxygen in Fernan Lake Wetland and its contribution to the Fernan Lake Nutrient budget (2 students, Wilhelm faculty mentor): It is unclear how the wetland at the east end of Fernan Lake functions in the phosphorus dynamics of the lake. Clarity requires high-resolution (spatial, and temporal) data on temperature and dissolved oxygen (1 student) combined with measurement of dissolved and total phosphorus concentrations throughout the wetland (1 student). Students would visit the wetland on a regular basis to deploy and retrieve data sondes, and take samples for analysis of phosphorus at LaSES. Data generated would help resolve the nutrient budget of Fernan Lake to with the goal being to identify appropriate and magnitude of treatments needed to remediate harmful cyanobacteria blooms. Stakeholders: IDEQ, KEA and FLCRA.
B. Efficacy of small floating wetlands in removing phosphorus from lake waters to mitigate harmful cyanobacteria blooms (2 students, Downing NIC faculty mentor): Small floating wetlands are being considered as potential “nutrient mops” to remove excess phosphorus from the water column of lakes with the goal of returning the N:P ratio to one that is balanced and does not favor harmful cyanobacteria. However, their efficacy has not been tested scientifically, requiring a detailed mass balance analysis. Students would help construct, launch, and then monitor the wetlands in situ to determine the P mass balance of the growing season.  Stakeholders: IDEQ, KEA and FLCRA.
C. Temporal and spatial trends of algae in select bays of Lake Coeur D’Alene (2 Students, Dale Chess, Glen Petit/Craig Cooper or Jamie Brunner mentors): While IDEQ and the Coeur d’Alene Tribe actively monitor Lake Coeur d’Alene as part of the Lake Management Program, their personnel and budgets do now allow high-resolution (temporal and spatial) sampling of pelagic algal growth in bays of Lake Coeur d’Alene. Anecdotal reporting and observations indicate that some bays develop cyanobacteria blooms, which could negatively affect the overall dissolved oxygen content of the hypolimnion. Detailed knowledge indicating the extent of such occurrence is needed to formulate appropriate management response. Stakeholders: IDEQ and Coeur d’Alene Tribe.
D. Evaluation of the nutrient potential in Lake Coeur d’Alene water to produce algal blooms in the absence of dissolved zinc (2 Students, graduate student, Dale Chess Coeur d’Alene tribe, Wilhelm UI): Past bottle experiments in the laboratory have shown that current concentrations of dissolved zinc in waters entering Lake Coeur d’Alene from the upstream superfund site suppress algal production due to toxicological effects of zinc. Thus, algal biomass in Coeur d’Alene Lake is below levels expected given the concentration of nutrients (esp. P) present in the water column. Remediation activities at the Central Impoundment Area of the Bunker Hill superfund site upstream on the Coeur D’Alene River aim to significantly reduce the passage of dissolved zinc into Lake Coeur d’Alene, which may 1) promote greater algal biomass, 2) reduce the concentration of dissolved oxygen at the bottom of Coeur d’Alene Lake, 3) allow sediment-bound metals such as arsenic and lead to re-mobilize to the water column presenting a threat to aquatic and human life.  Stakeholders: Coeur d’Alene Tribe, IDEQ, Washington Department of Ecology, US Environmental Protection Agency, Kootenai County, public.
E. Nearshore macrophyte growth in relation to nearshore terrestrial anthropogenic activity (2 students, graduate student, Maynard-Johnson/Heinse UI, Wilhelm): Greater than 95% of the annual nutrient mass in Coeur d’Alene Lake arrives via two main tributaries prompting Coeur d’Alene Lake shoreline owners to claim that activities in the nearshore terrestrial zone, or modification of the shoreline have no lasting effect on water quality in the lake given its trivial contribution in relation to river inputs. However, it is well established that nearshore terrestrial activity can influence aquatic plant growth and community structure at a local scale. This study would provide direct evidence to support or not support such a hypothesis in Coeur d’Alene Lake, assisting lake managers and public educators by providing the public with local place-based data.  Stakeholders: Coeur d’Alene Tribe, IDEQ, lakeshore landowners, Kootenai County.

F. Economic Impact of CDA Lake on Regional Economy (2 students, graduate student, Solomon, Liao, Peterson): The economic impact of CDA Lake on the regions economy has never been significantly analyzed. At the request of and with funding support from area stakeholders, LaSES will coordinate a full economic analysis of the value of maintaining current lake ecosystem services and the restoration of others.

7. Public Education and Outreach
One of the objectives of the Coeur d’Alene Lake Management Plan entered into by the State of Idaho and the Coeur d’Alene Tribe, it to base a lake stewardship center in Coeur d’Alene. The Community Water Resource Center at UI-CDA has positioned itself as the setting for the anticipated lake stewardship center, but has lacked resources to expand its education and outreach offerings. LaSES will provide a research nexus that will place the CWRC firmly within the extension mission of UI’s land grant charter while serving the needs of the State and Tribe to deliver lake stewardship education. LaSES’s analytics lab will support UI Extension’s IDAH2O program, the CWRC’s Stormwater Erosion and Education Program, the College of Education’s Confluence Project, and Idaho EPSCoR MILES adventure learning teacher workshops. In 2017, it is anticipated that field experiences for K-12 will be developed that utilize LaSES facilities.

8. Future Research Direction  
Four social ecological system issues loom large for north Idaho lakes: Harmful Algal Blooms (HAB), invasive species, legacy trace metal contamination, and climate change. HABs are on the rise worldwide driven by a combination of anthropogenic loading of nutrients to lakes and climate change induced raising of lake water temperature and perturbation of historical hydrographs. The list of invasive species that are present or threaten Idaho lake aquatic ecosystems continues to grow, including Eurasian Watermilfoil, quagga mussels, lake trout, and more. Legacy metals contamination of the terrestrial and aquatic environment from past mining activities in Coeur d’Alene Lake (Silver Valley) and Lake Pend Oreille (Clark Fork River and former Milltown dam) watersheds present a large, ongoing and evolving burden to management of these significant regional water bodies. Climate change is affecting hydrographs, lake elevations, groundwater demand, and wildfire occurrence. LaSES will be positioned to lead research on both of these issues, leveraging existing UI research in these areas with potential funding from EPA, Asarco Trust, USGS, USDA, USFW, NOAA NSF, and the State of Idaho.

