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management practices and technologies to various audiences. To
Located near the shores of Lake Superior in northern Wisconsin
support these goals, strong collaborations exist with a variety of groups on property owned by the Red Cliff Band of Lake Superior
including the private aquaculture industry, tribal, state and federal
Chippewa Native Americans, the facility has been operational for
hatcheries, other universities, K-12 students, educators and other
almost 20 years. The location was carefully chosen on the basis of
organizations interested in research, demonstration and educational
important geological attributes related to topography, aquifer capacity,
projects. With a professionally trained staff of dedicated aquaculturists water quality and effluent management. The facility has a strong
and biologists (Fig. 1), the facility maintains a high level of expertise
collaboration with the Red Cliff Tribal Fish Hatchery, providing
for conducting projects with various cool and coldwater fish at various technical assistance, workshops and trainings. The UWSP NADF
life stages while being a leader in developing a skilled and experienced facility was built to showcase aquaculture methods and research
workforce for the growing industry.
new aquaculture species for Wisconsin’s aquaculture industry and
was driven by organizations and groups such as the Wisconsin
One-of-a-Kind Aquaculture Facility
Department of Agriculture, Trade and Consumer Protection, the
The UWSP NADF is recognized as an international leader in
Wisconsin Aquaculture Association and the University of Wisconsin
recirculating aquaculture system (RAS) technology through research,
System, among others.
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FIGURE 2. Species cultured at UWSP NADF for research and
demonstration include Arctic char (top left), Atlantic salmon (top right),
walleye (middle left), lake herring (middle right), lake trout (bottom left) and
spotfin shiner (bottom right).

Commercial Application of
Research and Demonstration

The facility operates a variety of semi-commercially scaled
systems (Fig. 3) including incubation, larval and grow-out systems,
with tanks ranging in size from 260 L to over 11,000 L. The facility’s
main 790 m2 aquatic production barn contains adaptable, open work
areas with access to cold and heated water, aeration and oxygen
support. The aquatic barn contains:
• Custom Bell jar and Heath tray egg incubation systems for
various cold and coolwater fish.
• Two larval rearing rooms with 43 replicated 260-L tanks
with complete water temperature, turbidity, lighting, tank inflow and
environmental control.
• Two modern semi-commercially scaled 23-44 m3 RAS growout systems (coolwater and coldwater) with 6-8 replicate tanks. These
main RAS used for grow-out include modern efficient technologies
such as Cornell-style dual-drain tanks, microscreen drum filter,
fluidized sand biofiltration, degassing column, temperature control,
oxygen cone or low head oxygenators and ultraviolet sterilization.
• Six 1,780-L replicate RAS systems with 24, 260-L tanks.
These systems include Variable Frequency Drive (VFD) controlled
pumping stations, solids removal, moving bed biofiltration, oxygen
supplementation and UV sterilization.
• Analytical water quality testing and research laboratory.
The outdoor facility (Fig. 4) includes:

FIGURE 3. UWSP NADF larval rearing system (top left), coldwater
recirculating aquaculture systems (top right), flow-through raceways (middle
left), and pond systems (middle right), clarifying ponds (bottom left) and
partial reuse system (bottom right).

• Four, 0.16-ha, aerated, clay lined, drainable ponds with a
common fish collection basin for harvest.
• A high-tunnel building containing two, linear raceways
(20.4 m3) with flow through, degassed and aerated, cold (7.6 C) water.
• A second high-tunnel building containing partial RAS
technology utilizing dual-drain, round, 1,960-L tanks with integrated
radial flow separators, degassing/aeration column, common sump and
pump station.
• Two effluent drainage settling ponds and a constructed
wetland for final polishing of effluent water before discharge into an
intermittent stream.
Groundwater is supplied to the facility by two high-capacity wells
with submersible pumps controlled by VFDs and a self-regulating head
tank monitoring system that provides cold (7.6 C) or heated water (8-20
C) through gas-fired boilers. Two-stage head tanks have compartments
for cold and heated water. Water is degassed and aerated before usage.
This system is both highly efficient and provides a sustainable method
for long-term pumping and operation with adequate backups.
Further control and monitoring capability is provided by a
Supervisory Control and Data Acquisition (SCADA) system that
monitors information such as well pump flows and volumes, head tank
levels, well pump motor start/stops, RAS system flow and volume,
system water temperature and oxygen levels. The SCADA system is
linked to a 24-hr call-out alarm system for staff to respond immediately
to any issues. An emergency generator is also located on site to serve as
backup power in case of electrical failure.
(CONTINUED ON PAGE 54)
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FIGURE 4. Site overview of UWSP NADF utilizing the SCADA system
showing the facility’s high-capacity wells, aqua barn, covered raceways, partial
RAS, ponds, harvest kettle, settling ponds and wetland.

Industry Applied Research Projects

With ongoing research and demonstration projects at UWSP
NADF (Figs. 5-7), the facility is advancing state-of-the-art
technologies and discovering ways to improve efficiency and
sustainability for aquaculture in the Midwest. Outcomes of various
research projects and partnerships drives the best management
practices and technological advancements currently demonstrated
at the facility. The facility also provides information and assistance
to new or beginning aquaculturists to better understand management
practices, techniques and key concepts for a successful operation.
Project highlights are described here.
Developing Atlantic Salmon Broodstock for the
First US Commercial Supplier of Atlantic Salmon Eggs
In 2014, the facility was provided with some of the few remaining
Cascade strain of Atlantic salmon remaining in the world through a
collaboration with The Conservation Fund – Freshwater Institute in
West Virginia. This strain, originally bred for net-pen aquaculture,
performed well in freshwater RAS, with some fish reaching growth
rates of nearly 4.5 kg/yr. Due to this increased performance, UWSP
NADF collaborated with Riverence, LLC of Washington state, to
develop new broodstock of Cascade strain Atlantic salmon to supply
eggs to the growing North American commercial salmon farming
industry utilizing RAS technology. For over five years, UWSP NADF
scientists and staff worked with Riverence to collect and ship eggs to
Washington state for the development of a new broodstock. Riverence
is now the first US commercial supplier of Atlantic salmon eggs to
support the salmon foodfish industry and the only supplier of Cascade
strain of Atlantic salmon eggs globally.
Advancing Sustainable Production of Atlantic Salmon
in Wisconsin and Across the United States
Among various partnerships, the one with Superior Fresh, LLC
in Hixton, WI — one of the world’s largest aquaponics operations —
is among the strongest. This partnership has helped Superior Fresh
to advance their sustainable production of Atlantic salmon cultured
in RAS. The UWSP NADF provides technical assistance, research,
demonstration and coldwater species expertise to advance the company
and their operations. UW-Stevens Point is also partnering with
Superior Fresh to provide trained interns, technicians and support staff
for the growing company.
Recently, UWSP NADF and partners have been funded by the
NOAA Sea Grant college program for research to overcome barriers
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FIGURE 5. Intensively reared walleye one year after hatching, raised in
recirculating aquaculture systems at UWSP NADF.

to sustainable, land-based Atlantic salmon production, with partners at
Wisconsin Sea Grant, The Conservation Fund – Freshwater Institute in
West Virginia as well as private partners, Superior Fresh and Riverence.
Research conducted at UWSP NADF and The Conservation
Fund – Freshwater Institute is working towards eliminating two
current barriers. One is an investigation of therapeutic treatments to
reduce mortality associated with opportunistic infections in Atlantic
salmon fry using hydrogen peroxide and peracetic acid. The other
is investigating more efficient off-flavor purging techniques utilizing
system flow rates and fish ventilation rates to save substantial time
and space for commercial operations. Some of this research has been
recently published by UWSP NADF and partners (Davidson et al.
2020, Davidson et al. 2021, DiCocco et al. 2021).
UWSP NADF and various partners have also been funded by
NOAA Sea Grant to build the capacity of sustainable land-based US
production of Atlantic salmon through a Recirculating Aquaculture
Salmon-Network (ras-n.org). Collaborators from around the nation, as
well as internationally, have come together to discuss barriers, research
and educational needs for the industry to advance. This network
involves various private industry partners, including Superior Fresh
and Riverence, as well as other collaborators, including University of
Maryland Institute of Marine and Environmental Technology, and the
Maryland, Maine and Wisconsin Sea Grant programs. This program’s
final deliverable will be a national strategic plan or road map that will
include an extensive analysis of industry status, mechanisms to promote
public-private partnerships, technology transfer and community
engagement. A goal is to use the road map to assist policymakers,
federal and state agencies, and to help the industry identify and
responsibly allocate resources to promote success.
The Leading Research Facility for Intensive Production
of Walleye for the Foodfish Industry
Although most walleye fillets are imported into the Midwest
from Canada (Summerfelt et al. 2010), this well-known species in
the Midwest has a strong existing food fish market with attractive
fillet prices ranging from $26-40/kg. For over 15 years, the UWSP
NADF has successfully raised walleye and hybrid walleye (saugeye)
in indoor, intensive systems for research and demonstration of foodfish
production. Building on previous intensive culture of walleye research
and publications, the facility is utilizing specialized larval rearing
systems, optimized starter diets, enhanced husbandry and indoor,
land-based, closed-loop production with RAS to assemble a systematic
culture protocol that has advanced walleye foodfish production to the
point that a Midwest area commercial walleye industry is emerging.

FIGURE 6. Sea lamprey attached to lake trout as part of a project to assess
the effects of sub-lethal sea lamprey parasitism on two different lake trout
morphotypes.

Prior facility research has demonstrated walleye growth potential
in indoor systems, reaching an average of around 0.5 kg in 12 months
(Fig. 5) from egg to market size utilizing RAS at commercial density
levels of 60-90 kg/m3. Not only is there demand for this marketsize walleye, but also an additional market exists for pellet-fed and
intensively-reared fingerlings that are biosecure and can be utilized for
stocking into other RAS or aquaponics facilities for grow-out.
Bottlenecks for commercial walleye production remain, with one
of the most important being a domesticated in-house broodstock reared
in RAS that is capable of supplying high-quality eggs and fry for
out-of-season commercial production. Building on past and ongoing
research projects related to commercial walleye production funded
by Wisconsin Sea Grant (WISG) and the North Central Regional
Aquaculture Council (NCRAC), the facility is very close to achieving
the goal of a commercial, land based, regional walleye industry.
The most recent walleye project funded by WISG — “Commercial
application of out-of-season spawning of walleye (Sander vitreus)” —
is succeeding in completing the full life cycle of walleye reproduction
under intensive conditions and is providing the methodology for
supplying suitable eggs and fingerlings to a growing commercial
walleye industry.
Efficient technology and information transfer of research findings
to industry is crucial for species adoption and commercial success.
Therefore, the facility shares research outcomes, best management
practices and techniques to farmers through on-site demonstration,
publications, workshops, presentations at industry events and technical
videos such as the UWSP NADF Walleye Video Manual (www.uwsp.
edu/cols-ap/nadf/Pages/Walleye-and-Hybrid-Video-Manual.aspx).
Development of the Lake Herring Intensive Culture
Manual for Restoration
Historically, lake herring or cisco Coregonus artedi was the most
prolific prey fish in the Great Lakes basin and supported the largest
commercial freshwater fishery in North America. The cisco was a vital
link in lake trout food webs, the collapse of which altered predatorprey dynamics and commercial fisheries on the Great Lakes. Cisco
populations have rebounded in Lake Superior (Bronte et al. 2003) and
are increasing in Lake Huron (Mohr and Ebener 2005). However, they
remain restricted in the remaining Great Lakes.
With funding from the US Fish and Wildlife Service through
the Great Lakes Fish and Wildlife Restoration Act, UWSP NADF
scientists and staff worked to answer important questions related to

FIGURE 7. Utilizing ultrasound on broodstock Atlantic salmon (top left),
spawning Cascade strain Atlantic salmon (top right), Atlantic salmon
broodstock RAS (middle left), interactive, hands-on tours at the facility for
all ages (middle right), intensively and pellet-reared walleye fry (bottom left)
and 0.7 kg, 10-month post hatch walleye hybrid raised in intensive RAS
(bottom right).

culture and rearing for future reintroduction of lake herring into the
lower Great Lakes. Working collaboratively with US Geological
Survey Upper Midwest Environmental Sciences Center and US
Fish and Wildlife Service Lacrosse Fish Health Center, the facility
investigated research questions regarding lake herring that involved
iodophor egg treatment, incubation temperatures, larval feeds and
overall rearing of lake herring for intensive production.
The research has been organized by the facility into a Lake
Herring Intensive Culture Manual (Fischer et al. n.d.). The manual 		
is a template for lake herring production applied at a commercial
level utilizing the latest aquaculture technology advancements,
feeds, designs and practices to provide critical information and
assistance in the propagation and handling of cisco for conservation
restoration projects.
Groundbreaking Research on Sea Lamprey Parasitism on Lake Trout
Lake trout Salvelinus namaycush have been an important species
in the Great Lakes for commercial, subsistence and sport fisheries,
and are a top predator in Lake Superior. Although many non-native
species have entered the Great Lakes over the years, the parasitic sea
lamprey Petromyzon marinus has been one of the most harmful,
especially for lake trout populations. At their parasitic stage, the sea
lamprey attaches to a fish host (Fig. 6), extracting blood and tissue
fluids with their specialized mouth parts. Around 45-75 percent of lake
(CONTINUED ON PAGE 56)
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trout are estimated to survive a
For increased training
sea lamprey parasitism event.
and skill development,
Sub-lethal physiological effects
UWSP NADF offers paid
of sea lamprey parasitism on
apprenticeships for 12 to 18
their hosts are likely to have
mo geared for past interns
significant population and
or graduates in aquaculture
management implications, yet
or related programs.
there is a lack of knowledge
Apprenticeships are classified
about how fish respond to
as technical positions with three
sub-lethal parasitism events
tiers of training, up to 18 mo.
or how these events alter
Hands-on training is geared for
FIGURE 8. Recent students who have received aquaculture skill development
growth, body condition or
important skill development
and training from UWSP NADF and who now hold positions at commercial
reproduction. Because of this
to raise a variety of cold- and
aquaculture facilities.
gap in knowledge, it is likely the
coolwater fish at the facility.
damage caused by sea lamprey
Students (Fig. 8) directly
parasitism on lake trout populations is underestimated.
work with highly experienced facility staff to learn best management
With funding from the Great Lakes Fishery Commission and
practices and techniques for rearing various freshwater fish at all stages
in collaboration with Michigan State University, National Oceanic
of development. Due to the unique skillset achieved, commercial-level
Atmospheric Administration, and Michigan Department of Natural
application of knowledge and building relationships with industry, job
Resources, the facility and partners assessed the effects of sub-lethal
placement for these students has historically been nearly 100 percent
sea lamprey parasitism on two different lake trout morphotypes
immediately following this training program.
(siscowet and lean). Using lake trout broodstock reared at the UWSP
Regarding technology transfer, each research or demonstration
NADF in a common environment for 11 years, project partners
project consists of a strong outreach and education component and
assessed long-term alterations in lake trout physiology after a
deliverables through various avenues including farm site visits, facility
parasitism event. Results from this research will be used to refine
workshops, trainings, and tours, technical and educational videos and
current physiological and bioenergetics models to better predict how
presentations at both industry and public events.
sub-lethal sea lamprey parasitism affects growth, reproduction and
Another strong part of the facility’s mission is to promote public
population structure. The data from this project will be most
education of aquaculture that includes providing public, hands-on,
important for understanding and preserving lake trout populations
interactive tours of the facility for all ages. Yearly, the facility provides
in the Great Lakes.
direct outreach to thousands of people through interactive tours, K-12
As part of this project, a workshop was also conducted where
classroom visits and public presentations.
experienced professionals examined lake trout with known sea lamprey
wounds. Sea lamprey control in the Laurentian Great Lakes relies on
Future Initiatives
records of sea lamprey wounds on lake trout to assess whether control
Future goals and objectives in research will be driven by
efforts are supporting fisheries management targets. Wounding records environmental and economical sustainability with direct industry
have been maintained for 70 years with the assumption that they are
applicability. To advance foodfish aquaculture in the Midwest as well
a reliable and accurate reflection of sea lamprey damage inflicted
as the nation, species and systems of high interest, including Atlantic
on fish populations. However, two key assumptions underpinning
salmon and walleye, will need to be raised in intensive RAS. With
the use of these data need thorough evaluation: sea lamprey wounds
continual technological advancements for indoor systems, there will
follow a predictable healing progression and individuals classify
also be continued research and demonstration projects around these
wounds accurately and reliably. Results from this workshop have been systems. Broader research initiatives over the next decade include
published in the Journal of Great Lakes Research (Firkus et al. 2020). broodstock research to develop year-round egg availability, feed and
nutrition and economic analysis of various aquaculture systems and
A Model for Aquaculture Education Programs
species. Into the future, the facility will strive to maintain high-quality
in Wisconsin and the Nation
and commercially applied research, biological results and effective
Availability of a skilled and experienced workforce is currently
technology transfer, outreach and education efforts.
a major bottleneck to the advancement of aquaculture. UWSP is the
first accredited university in Wisconsin to offer an aquaculture minor
Notes
and the first in the nation to offer full-semester aquaponic courses
Greg Fischer, Chris Hartleb and Kendall Holmes, University of
and an aquaponic certificate program. Furthermore, UWSP connects
Wisconsin Stevens Point Northern Aquaculture Demonstration
undergraduates from the UWSP Aquaculture/Aquaponics program
Facility, Bayfield, Wisconsin, USA
with additional hands-on experience through a 12-wk summer
Emma Wiermaa, University of Wisconsin Stevens Point Northern
internship program. This paid program enables interns to be placed
Aquaculture Demonstration Facility, Bayfield, Wisconsin, USA &
at UWSP NADF and partnering aquaculture entities such as private,
Wisconsin Sea Grant.
state, federal and tribal facilities. Throughout the program, interns are For further information regarding the facility’s projects as well
exposed to a variety of species and systems at commercial or semias additional project deliverables, resources, and educational
commercial scale research and demonstration applications.
opportunities, please visit aquaculture.uwsp.edu.
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