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This Symposium is funded in part by the Coastal Zone Management Act of 1972, as
amended, by the NOAA’s Office of Ocean and Coastal Resources Management, in
conjunction with Minnesota’s Lake Superior Coastal Program.
“The statements, findings, conclusions, and recommendations are those of the
Author(s) and do not necessarily reflect the views of NOAA’s Office of Ocean
and Coastal Resource Management, Minnesota Department of Natural
Resources or Minnesota’s Lake Superior Coastal Program.”
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Opening Keynote Speaker MN DNR Commissioner Tom Landwehr

Introduction
The MN Lake Superior Watershed Stream Science Symposium was a significant
success. There were 189 registrants representing local, state and federal
government, nonprofits, university researchers, and private industry. Attendees
traveled to the event from across the Great Lakes states and Canada.
Attendees heard thirty‐nine speakers cover topics that ranged from Minnesota’s
new watershed framework, MN Lake Superior watershed geology, and hydrology to
the unique fishery and impacts of climate change. Break out sessions and an
interactive online comment gathering process gathered feedback and important
ideas from the audience. A panel presentation centered upon funding sources
wrapped up the two‐day event.
Thirty‐six posters illustrating new cutting edge research as well as important
findings from completed research were presented. This information added to the
wealth of knowledge presented to attendees.
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John Linc Stine, MPCA Commissioner

Research Identified Stressors and Threats
Stream functions occur in a general order and parameters can be used to assess
stressors and threats to those functions. Strategies in response to stressors and
treats should be addressed in the order shown to have an overall effective and
efficient management strategy. It is important to place reach scale projects into a
watershed context and recognize the causes of watershed impairments.
Hydrology:
Landscape Hydrology‐Hydrologic processes (precipitation, infiltration, runoff,
evaporation) occur at the watershed level and influence the character and functions
of streams. The potential to exacerbate peak flow events through the loss of mature
forest percentage within subwatersheds is a threat. 1
Stream Flow Unstable stream flow regimes were identified by USGS2, DNR3, USFS4,
and UMN5. Lack of baseflow, extreme low flow, and elevated peak flow events are
problematic and negatively impact aquatic organisms3. The “amplified variability of
surface water flow volume, both low flows and high flows (flash floods, spring
snowmelt floods)”5 can destabilize stream channels and road crossing
infrastructure.
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Data collected from tributaries discharging to Lake Superior suggest a general south
to north pattern of isotopic signatures that are dynamic and change with season.
Headwater lakes provide the most important storage of precipitation and sustain
baseflow in most tributaries. Subsurface storage is relatively small due to limited
aquifer extent. Lake hydraulic residence time is directly influenced by location in the
watershed, contributing drainage area and lake volume 6. Storm flows dominate the
hydrologic systems of all Minnesota North shore streams6.
Connectivity:
Dams Both, man‐made and beaver dams are stressors forming barriers that block
organism passage and warm stream temperatures7,8.
Transportation Infrastructure Conventional culverts designed only to pass
water, potentially destabilize natural stream channels interrupting the movement of
wood and sediment through stream systems. Improperly designed culverts
concentrate stream power causing unstable channels downstream resulting in
perched outlets that block organism passage. Stream culverts that do not pass
aquatic organisms fragment longitudinal connectivity. 9
Barriers reduce organism access to key habitats‐ spawning, foraging, nursery, and
thermal refuge. Barriers increase fragmentation resulting in smaller more isolated
populations that are more vulnerable to catastrophic events by restricting organism
gene flow and recolonization. 9
Geomorphology:
Stream Channel Destabilization The increased frequency of extreme storm
events poses a serious threat to stream channel stability. The “amplified variability
of surface water flow volume, both low flows and high flows (flash floods, spring
snowmelt floods)” 5 will destabilize stream channels and road crossing
infrastructure.
The topography of the Lake Superior clay plain is geologically young and is
undergoing a high rate of natural erosion as a geologic equilibrium evolves. The
heterogeneous mixture of clay and sand produces soils with very little stability
which, when exposed to varying moisture conditions on steep slopes, often erodes
severely10. Managing the landscape for natural runoff is critical in maintaining
natural dynamic stability2, 11, 12.
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Water Quality:
Temperature Increasing stream temperatures were identified and discussed by
DNR7, USFS4, and NRRI13. The loss of cold water stream habitat due to increased
summer stream water temperature is a primary threat13. The loss of riparian shade
trees is a major stressor7. Climate change, with the increasing frequency of summer
tropical dewpoints and a rise in the mean July air temperature will continue to
warm cold water streams and increase in magnitude as a primary stressor7,13,5.
Turbidity‐Several Lake Superior tributaries have TMDL status for impairment due
to turbidity. Research on suspended sediment as a water quality issue has been
investigated by UMD10, USGS2, and USACE11. Research indicates this may be
naturally occurring phenomena for streams flowing through the red clay belt of
Lake Superior14. Past and current research15 16, indicates suspended sediment and
resultant high turbidity levels in Western Lake Superior tributaries have little
negative effect upon aquatic organisms.
Sedimentation Streambank and bluff erosion in the exposed till and lacustrine
sediments in the high‐energy lower reaches of north shore streams are a primary
source of sediment loading10,17If the stream runs through an area where there is
fine‐grained till, then slumping along a stream can be expected.10
Current research indicates stream macroinvertebrates show negligible impacts on
assemblage diversity as long as fine sediments are continually washed out of rocky
substrates, and the substrates do not remain buried.15
MercuryThe greatest identified single water quality parameter threat for Lake
Superior tributaries is Mercury. Mercury impairments in fish tissue and in the water
column account for 1/3 of all current impairments listed in the basin. Many factors
affect Mercury availability including transport, industrial generation, biological
activity, land use conversion and natural geology. Efforts are needed to establish a
baseline for total Hg and MeHg concentrations in sediment, water, fish tissue, and
benthic invertebrate tissue. 18 Management efforts are needed to address
anthropogenic mercury pollution.

Biology:
Interspecies Competition Beaver activity is a stressor to cold‐water habitat by
removing riparian shade trees through grazing and flooding. Beaver dams block
connectivity, forming barriers to aquatic organism migration and their ponds can
facilitate warming water temperatures.7,4,8
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There have been opinions expressed that beaver colonization benefits cold water
stream systems in Minnesota’s Lake Superior Watershed. There is however, a lack of
scientific research and data specific to this landscape that provides any positive
benefit to beaver colonization of cold‐water streams. Conversely, there are many
studies and supporting data (Avery) specific to Minnesota’s Lake Superior
watershed showing negative impacts to cold water systems from beaver
colonization.8 It is important to note that research compiled by Avery in 1983 (pre
climate change awareness) identified the warming of cold water as a primary threat.
Riparian Habitat Loss of stream shade provided by riparian forest cover and
increased stream water temperature is a threat7,4. The impact of climate change to
the composition of the riparian forest is a primary threat.19,20 The loss of shade
producing canopy over the short term through; drought, floods, blow down, disease,
insect pests, fire, deer herbivore, interspecies competition, and invasive species
competition will have immediate impacts.
Long term annual temperature increases will result in the gradual loss of the boreal
forest through the change in growing conditions favoring temperate forest
communities. Vegetation impact models have been based upon variable greenhouse
gas emission scenarios. The likelihood of the high emission scenario impacts is
probable gauging actual measured rates of greenhouse gas increase.21
Summary:
Climate Change is the primary force driving multi faceted interrelated stressors and
threats impacting Minnesota’s Lake Superior tributaries. Water temperature
extremes, flow regime extremes, channel instability, loss of connectivity, and
biological stressors all work in combination to degrade cold‐water quality and
habitat. Stream temperature protection, maintaining connectivity and landscape
level flow stabilization should be the central core of management strategy and
effort.
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Julie Westerlund, DNR Clean Water Coordinator

Broad Scale Management Strategies
The federal Clean Water Act tenants when applied to Minnesota’s North Shore
Streams should drive goal setting and management strategies to protect and where
needed restore cold‐water streams as high quality waters supporting appropriate
representative biological assemblages.
Minnesota’s Clean Water Land and Legacy Amendment and Environment and
Natural Resources Trust Fund provides the policy framework and funding ability to
address needed monitoring and assessment, along with restoration and protection.
The watershed approach paring systematic monitoring, Watershed Restoration and
Protection Strategies (WRAPS) with implementation activities delivered through a
local implementation framework is the process developed to achieve water quality
goals.
The challenge will be to implement and maintain management measures in light of
climate change impacts. Accepting this challenge, the following Broad Scale
Management Strategies are recommended:
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Water QualityMercury
Mercury impairments in fish tissue and in the water column are significant issues
that should be addressed as part of the WRAPS process.
Stream Temperature and Connectivity
A primary adaptation strategy to climate change is protecting and maintaining cold
stream temperatures where possible and resilient connectivity to thermal refuges
where feasible. This strategy needs to be the primary water quality and habitat goal
for Minnesota’s Lake Superior tributaries.
On streams where research determines that maintaining cold water is not possible
due to intense development and/or a lack of cold‐water flow contribution,
alternative goals and adaptation strategies need to be developed.
Inventory coldwater flow contribution to stream system base flow The
location and extent of cold‐water contributions to base flow must be identified. This
critical component supports the aquatic biota. Isotopic analysis, temperature data,
and biological assessment studies must be coordinated to capture this critical
information. Much of the temperature and biological data have been collected. A
central clearinghouse is needed for data storage retrieval such as
LakeSuperiorStreams.org.
Identify and protect coldwater recharge areas The wetlands, vernal pools,
floodplain soils, and other hydro‐geologic features that store and transport
subsurface flow contributions to base flow must be identified and protected.
Construct and maintain resilient transportation crossing infrastructure
Resilient stream crossings capable of passing organism and fluvial geomorphic
processes must be constructed and maintained in areas where connectivity is
needed to ensure organism access to key habitats; spawning, foraging, nursery, and
thermal refuge.
Design methods that mimic the slope, structure, and dimensions of a natural stream
channel, such as the USFS Stream Simulation approach22 should be the standard
used to guide road and infrastructure stream crossings.
Development of a manual offering guidelines for natural stream crossing designs on
streams in Minnesota’s Lake Superior Watershed, similar to the Minnesota Forest
Resources Council’s Voluntary Site‐Level Forest Management Guidelines, has been
identified as a desirable product.
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An inventory of stream crossings that inhibit organism access to cold water refuge
zones, spawning areas, and nursery zones needs to be developed and used as a
guide for prioritizing and funding crossing upgrades. Thermal refuge, and spawning
access should be the highest priority.
Build and Maintain Riparian Resiliency Retain a mix of tree species in both
uneven/even age classes in a 1500‐meter buffer zone19. Within this zone manage for
species tolerant of future climate change. Develop silvicultural prescriptions that
favor climate adapted trees. Increase rotation periods, and decrease patch size19.
Riparian Shade‐ Manage for maximum shade. Do not remove shade‐producing
trees. Implement assisted migration of future climate tolerant species to overcome
spatial and temporal limitations of natural migration. Utilize LIDAR information to
assess where riparian reforestation efforts are needed to establish future shade
producing trees on high priority streams (see cold water inventory).
A Riparian Best Management Practice (BMP) specific to the Minnesota’s North
Shore streams and all of their tributaries needs to be established. This BMP should
emphasize shade tree protection and retention and be of variable width based upon;
bank full flow width, floodplain width, valley side slope percentage and width, and
mature tree height.
Interspecies CompetitionA comprehensive study of the impacts/benefits of
beaver colonization to cold‐water stream systems in Minnesota’s Lake Superior
watershed needs to be completed. The context of this study should be based upon
thermal impacts and connectivity. Active and inactive sites of colonization should be
included.
Stream Flow Stabilization
Landscape Hydrology Stable isotope analysis confirms the surface water driven
nature of Minnesota’s Lake Superior tributaries. The retention of precipitation upon
the landscape should be an overall management goal. Forest management, and
infrastructure development should have maintaining sustainable hydrology as
primary objectives6.
Peak Flow Reduction The development and implementation of landscape level
analytical tools to maintain and reduce peak flow events need to be established and
incorporated into the land management decision making process. The LIDAR based
open area analysis utilizing continuous accumulation grids shows promise as a tool
for this purpose.1 In sub‐watershed areas where analysis predicts increased peak
flow rates, coordinated forest harvesting by watershed area across land ownership
is recommended. Increase adaptive capacity where reforestation efforts are needed
favoring tree species tolerant of future climate change.
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Sustainable Hydrology Maintain stable stream bankfull flow rates for 1.5 year
average return interval runoff events 23. Land use changes from mature forest to
open land or young (< 15year old) forest can have significant impacts upon runoff
events, stream flow volume, and stream channel stability. Coordinated land
management is needed to retain at least 40% mature forest by watershed, across
ownerships.
Forest Management:
•
•

Manage overall forest composition for future health and resiliency to avoid
large‐scale catastrophic events.
Manage for a high retention mix of both even and uneven age stands favoring
species tolerant of future climate change.

Base Flow Stabilization‐ Identify and protect cold water recharge areas. Restore
large woody habitat. Maintain critical landscape elements, including headwater
lakes and wetlands that provide the most important storage of precipitation and
sustain baseflow to tributaries.

11

Bibliography
1.

Hollenhorst, T. & Jereczek, J. Assessing Cumulative Watershed Stessors: Using
LIDAR to Assess the Amount of Open Lands and Young Forest Associated with
In Channel Erosion for North Shore Tributaries. (2014).

2.

Fitzpatrick, F. A. Diagnostic Geomorphic Methods for Understanding Future
Stream Behavior of Lake Superior Streams – What Have We Learned in Two
Decades? Faith. (2014).

3.

Blankenheim, J. The Status of Migratory Fish Populations in North Shore
Streams. (2014).

4.

Rye, M. Role of Beaver in Riverine Management. (2014).

5.

Seeley, M. Climate Trends and Climate Change in Our Own Backyard: A
Review. (2014).

6.

Magner, J., Zhang, L. & Engel, L. An Isotopic Approach to North Shore Lake
Superior Watershed Management. (2014).

7.

Hendrickson, D. Stream Temperatures: Are Our Trout Comfortably Cold?
(2014).

8.

Avery, E. A Bibliography of Beaver, Trout, Wildlife, and Forest Relationships. 23
(1983).

9.

Butcher, J. T. Managing Stream Connectivity on the Superior National Forest.
(2014).

10.

Gran, K. Geologic History of Western Lake Superior Streams. (2014).

11.

Dahl, T. A., Mcclerren, M. A., Creech, C. T. & Selegean, J. P. Reducing Sediment
Loads and Restoring Streams When Nature Controls (Most) of the Cards.
(2014).

12.

Andrews, S., Christensen, R. & Wilson, C. EPA Red Clay Project Final Part II
Impact of Nonpoint Pollution Control on Western Lake Superior. (1980).

13.

Johnson, L., Herb, W. & Cai, M. Effects of Climate Change on Distribution of
Cold Water Fish in North Shore Streams. (2014).

14.

Andrews, S. & Danald Houtman, W. L. Final Report on the Red Clay Project.
(1980).
12

15.

Brady, V. & Herrera, L. Effects of In‐stream Fine Sediments on Stream
Macroinvertebrates **. (2014).

16.

Hanson, B., Lahti, L., Nieber, J., Evens, K. & Johnson, G. Lake Superior Sediment
Assessment; Phase I Poster. (2014).

17.

Neitzel, G. D. & Gran, K. B. Monitoring Event‐?‐Scale Stream Bluff Erosion with
Repeat Terrestrial Laser Scanning: Amity Creek. (2014).

18.

George, T., Salmon, R. & Kondrat, T. Lake Nipigon Baseline Study for
Waterpower Developments Tara. 80 (2014).

19.

White, M., Cornett, M., Duveneck, M. & Scheller, R. Forest Restoration and
Management in Changing Climate: Implications for Lake Superior Watersheds.
(2014).

20.

Handler, S. Climate Change Vulnerability of Forest Ecosystems in Northern
Minnesota. (2014).

21.

Handler, Stephen; Duveneck, Matthew J.; Iverson, Louis; Peters, Emily;
Scheller, Robert M.; Wythers, Kirk R.; Brandt, Leslie; Butler, Patricia;
Janowiak, Maria; Swanston, Chris; Barrett, Kelly; Kolka, Randy; McQuiston,
Casey; Palik, Brian; Reich, Peter B., R. Forest Ecosystem Vulnerability
Assessment And Synthesis (DRAFT). (2014). at
<http://www.nrs.fs.fed.us/niacs/climate/draft_docs/docs/Minnesota_FEVAS
_compressed.pdf>

22.

Gubernick, R., Cenderelli, D., Bates, K., Johanson, D. & Jackson, S. Stream
Simulation : An Ecological Approach to Providing Passage for Aquatic
Organisms at RoadStream Crossings. 646 (2008).

23.

Verry, E. S. Land Use and Stream Condition. For. Sci. (2001).

13

