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Overall Project Outcome and Results 
Land use practices, climate change, establishment of invasive species, conservation efforts, and other factors 
continually affect the Minnesota River ecosystem.  This project accelerated collection of robust baseline 
datasets that provide a better understanding of plankton communities, physical habitat characteristics, 
backwater ecosystems, and sensitive fish species populations.  These datasets provide the ability to better 
predict, measure, and understand future ecosystem changes.  Specifically, we established a comprehensive 
understanding of lower trophic ecology in the Minnesota River by collecting 112 water chemistry, 
phytoplankton, and zooplankton samples across 7 sites and 16 months.  We also quantified habitat features 
(e.g., longitudinal profiles, bathymetric maps) at 12 reaches along the Minnesota River and characterized fish 
communities inhabiting 12 unique backwater lakes.  Lastly, we captured and tagged 85 Paddlefish and 391 
Shovelnose Sturgeon from the Minnesota River providing an understanding of population dynamics (e.g., 
abundance, growth, recruitment, and mortality), habitat use, and movement patterns of these unique and 
understudied species.  Our enhanced understanding of the Minnesota River ecosystem and information gained 
during this project will not only inform future monitoring efforts and guide management and restoration efforts, 
but also provide the critical ability to understand how the Minnesota River ecosystem responds to future 
changes.  For instance, if invasive carps become established in the Minnesota River, we now have the ability to 
quantify consequent changes in plankton communities, displacement of backwater fish communities, and 
impacts on the Paddlefish population.  Data collected during this project are publicly available for quantitative 
and qualitative analyses while accompanying in-depth reports for each project activity provide valuable context, 
interpretation, and comparisons with other aquatic ecosystems.   
 
Project Results Use and Dissemination  
Resulting from this project, we developed five comprehensive reports summarizing and analyzing the novel 
datasets we collected that provide important comparisons with other aquatic systems and discuss implications 
for future Minnesota River ecosystem monitoring and management (i.e., Activity 1 Final Report—Spatial and 
temporal trends of Minnesota River phytoplankton and zooplankton, Activity 2 Final Report—Evaluation of 
Minnesota River physical habitat features, Activity 3 Final Report—Minnesota River backwater fish communities, 
Activity 4A Final Report—Minnesota River Shovelnose Sturgeon: population dynamics and movement patterns, 
Activity 4B Final Report—Paddlefish inhabiting the Minnesota River).  Condensed versions of the reports 
associated with activity one (e.g., plankton dynamics) and activity four (e.g., Shovelnose Sturgeon, Paddlefish) 
will be submitted for publication in open-access peer reviewed scientific journals (e.g., Journal of Fish and 
Wildlife Management; Journal of Freshwater Ecology).  During the project, we provided project updates and 
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preliminary results to scientific audiences at three annual meetings of the Minnesota Chapter of the American 
Fisheries Society and to members of the public at Hutchinson Area Avid Angler Meetings, Citizen Catfish 
Workgroup meetings, and a Minnesota River Congress meeting.  Ultimately, we intend on providing data, 
project reports, and project summaries on the Minnesota River Fisheries page of the Minnesota Department of 
Natural Resources website (Minnesota River Fisheries Page).  We are also seeking appropriate venues to present 
final project results with interested members of the public and other scientific and conservation entities as one 
of the most valuable outcomes of this project is the collection of novel datasets on important components of the 
Minnesota River ecosystem.   
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M.L. 2016 Work Plan Final Report 

 
 
Date of Report:  August 12, 2019  

Final Report 

Date of Work Plan Approval:  June 7, 2016   

Project Completion Date:   June 30, 2019        

 

 
PROJECT TITLE:   Enhancing Understanding of Minnesota River Aquatic Ecosystem 
 
Project Manager:   Tony Sindt 

Organization:  Minnesota Department of Natural Resources 

Mailing Address:  20596 Hwy 7 

City/State/Zip Code:  Hutchinson, MN 55350 

Telephone Number: (320) 234-2550 x236 

Email Address:  anthony.sindt@state.mn.us 

Web Address:  www.dnr.state.m.us 
 
Location: Big Stone, Blue Earth, Brown, Carver, Chippewa, Dakota, Hennepin, Lac qui Parle, Le Sueur, Nicollet, 
Redwood, Renville, Scott, Sibley, Swift, and Yellow Medicine counties 

 

 
Total ENRTF Project Budget: ENRTF Appropriation: $500,000 

 Amount Spent: $464,231 

 Balance: $35,769 

 
Legal Citation:  M.L. 2016, Chp. 186, Sec. 2, Subd. 03i 
 
Appropriation Language:   
$500,000 the second year is from the trust fund to the commissioner of natural resources to accelerate 
collection of baseline data to enhance understanding of the Minnesota River ecosystem, measure future 
impacts of changing climate and landscapes on the aquatic ecosystem, and guide future management efforts. 
This appropriation is available until June 30, 2019, by which time the project must be completed and final 
products delivered.  
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I.  PROJECT TITLE: Enhancing understanding of the Minnesota River aquatic ecosystem 
 
II. PROJECT STATEMENT: 
The ecological health of the Minnesota River is being continually threatened by land conversion, population 
growth, climate change, and the establishment of aquatic invasive species.  These factors likely have 
consequential impacts on lower trophic organisms (i.e., phytoplankton, zooplankton), physical habitat (e.g., 
channel dimensions, floodplain connectivity), backwater ecosystems, and sensitive fish species (e.g., Shovelnose 
Sturgeon, Paddlefish) among many other elements of the Minnesota River system.  Additionally, conservation 
efforts within the Minnesota River watershed may have positive impacts on these elements and overall 
ecosystem health.  Due to limited resources, current data on these elements are insufficient and diminishes the 
ability to measure change, understand important ecosystem functions, and monitor the ecological health of the 
Minnesota River.  This project will accelerate collection of robust baseline data across all 320 miles of the 
Minnesota River to A) enhance fundamental understanding of the Minnesota River ecosystem; B) measure 
future impacts of land conversion, climate change, aquatic invasive species, and conservation efforts; C) inform 
monitoring of Minnesota River ecological health; and D) guide future management, restoration, and protection 
efforts.  The Minnesota Department of Natural Resources (DNR) will use project funds to hire personnel, 
purchase supplies, and contract services necessary for accomplishing four specific project activities on the 
Minnesota River: 1) accelerating collection of baseline lower trophic data, 2) quantifying physical habitat 
characteristics, 3) inventorying backwater fish communities, and 4) evaluating population dynamics, movement, 
and habitat use of sensitive fish species.  The DNR and other agencies will continue to build on the information 
gathered as part of this project and will utilize project outcomes to quantify future ecosystem changes and 
inform future management strategies that will ultimately benefit the ecological health of the Minnesota River.  
 
III. OVERALL PROJECT STATUS UPDATES:  
 
Project Status as of January 16, 2017:    
During July 2016, a fisheries specialist and a fisheries technician were hired to accomplish the four project 
activities outlined in this work plan.  Much of the work during the first few months involved familiarizing new 
personnel with the Minnesota River and project objectives, and selecting suitable survey sites for the four 
project activities.  Above average river discharge during most of August–November limited the amount of field 
work that could be completed.  Yet, as planned, lower trophic samples were collected monthly during August–
October; four Minnesota River backwaters were surveyed; and acoustic tags were implanted in 26 Shovelnose 
Sturgeon and 4 Paddlefish.  Sampling protocols and work plans are being developed and refined for all four 
project activities. 
 
Project Status as of July 16, 2017:  
Unfortunately, high water conditions during the first year of this project forced us to alter the sampling schedule 
and postpone some fieldwork.  However, we utilized time efficiently by collecting all scheduled lower trophic 
and water chemistry samples (including extra sampled collected during April), conducting fish community 
assessments in five backwater habitats, and implanting acoustic transmitters into 36 Shovelnose Sturgeon and 
11 Paddlefish.  While high water conditions hampered our ability to conduct habitat surveys or Shovelnose 
Sturgeon assessments we have allocated extra effort towards sampling Paddlefish and actively tracking acoustic 
tagged fish.   
 
Project Status as of January 16, 2018: 
During summer of 2017, the fisheries specialist hired for this project left for a new job opportunity, and 
subsequently, the fisheries technician was promoted into the specialist position and a new technician was hired.   

Although extended periods of high water continually delay scheduled work, most project activities are being 
completed on time.   All scheduled lower trophic and water chemistry samples have been collected and all 
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samples have been processed, except phytoplankton samples collected during 2017.  Eight of 12 backwater fish 
community surveys and 3 of 12 habitat surveys have been completed.  Three additional habitat surveys have 
been initiated, including creation of several bathymetric maps.  During rare periods of low flow, three of five 
acoustic receivers were installed, and the remaining two will be installed during 2018.  Although river conditions 
have not been conducive for the intensive Shovelnose Sturgeon sampling we planned, a total of 315 Shovelnose 
Sturgeon and 66 Paddlefish have been captured.  Preliminary telemetry data indicate very interesting fish 
movements.  We anticipate accomplishing all project activities prior to June 30, 2019. 

Project Status as of July 16, 2018: 
Unfortunately, unusually high water during spring and summer of 2018 has again limited our ability to conduct 
fieldwork associated with this project.  Fortunately, the amount of fieldwork remaining will be very manageable 
once water levels recede to safe conditions.  During May of 2018 the fisheries specialist hired for this project left 
for a permanent job opportunity and we are currently working towards filling the vacancy.   
 
Despite these challenges, we have completed all scheduled water and plankton sample collections, completed 
two backwater fish community assessments, and made progress towards completing the remaining 9 habitat 
surveys during spring of 2018.  Even during high water conditions, we were able to track acoustic tagged fish at 
all study sites and at additional sites downstream of Granite Falls Dam.  
 
During the remainder of 2018 we will complete the remaining four water and plankton sample collections, three 
backwater assessments, 9 habitat surveys, and fall Shovelnose Sturgeon sampling.  Additionally, we will continue 
tracking and monitoring movements of acoustic tagged Shovelnose Sturgeon and Paddlefish. 
 
Amendment Request (07/06/2018) 
We are requesting an amendment to the project budget due to greater than anticipated personnel and water 
chemistry analysis costs along with some lower than anticipated service, equipment, capital expense, and travel 
costs.  We are requesting an amendment that allocates $21,966 more of the project funds for personnel (wages 
and benefits) in Activity 4 and $2,000 more of the project funds for the Minnesota Department of Agriculture 
(water chemistry analyses) service contract in Activity 1.  Specifically allocating project funds away from 
phytoplankton analyses (-$13,104), zooplankton analyses (-$4,136), Activity 1 equipment (-$4,500), Activity 1 
fleet (-$2,000), and Activity 4 capital expenditures (-$226). 
Amendment Approved: [07/26/2018] 
 
Project Status as of January 16, 2019: 
During August 2018, project technician Michael Vaske was promoted into the specialist position and Kayla 
Stampfle was hired as the project technician.  Kayala’s last day was December 18th while Michael will remain in 
the specialist position for the remainder of the project (thru June 30th, 2019).   
 
Most field work has been completed for this project, including: collection of water quality, phytoplankton, and 
zooplankton samples from seven sites across 16 months; quantifying physical habitat at 9 of 12 habitat sites; 
conducting fisheries assessments in 12 Minnesota River backwater habitats; assessing habitat use and 
movement patterns of 14 acoustic tagged Paddlefish and 36 acoustic tagged Shovelnose Sturgeon; and 
evaluation population dynamics of Shovelnose Sturgeon.  Remaining fieldwork that will be completed during 
spring 2019 includes finishing habitat surveys at 3 sites and uploading telemetry data from the array of 
stationary acoustic receivers.   
 
During the remainder of the project we will compile, analyze, summarize, and interpret collected data.  We will 
create comprehensive final reports for each project activity and anticipate submitting manuscripts to peer-
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reviewed journals based on outcomes from project activities one and four.  For now, we will refrain from making 
conclusive statements until all data are compiled and appropriately analyzed and interpreted.  
 
Overall Project Outcomes and Results:   
Land use practices, climate change, establishment of invasive species, conservation efforts, and other factors 
continually affect the Minnesota River ecosystem.  This project accelerated collection of robust baseline 
datasets that provide a better understanding of plankton communities, physical habitat characteristics, 
backwater ecosystems, and sensitive fish species populations.  These datasets provide the ability to better 
predict, measure, and understand future ecosystem changes.  Specifically, we established a comprehensive 
understanding of lower trophic ecology in the Minnesota River by collecting 112 water chemistry, 
phytoplankton, and zooplankton samples across 7 sites and 16 months.  We also quantified habitat features 
(e.g., longitudinal profiles, bathymetric maps) at 12 reaches along the Minnesota River and characterized fish 
communities inhabiting 12 unique backwater lakes.  Lastly, we captured and tagged 85 Paddlefish and 391 
Shovelnose Sturgeon from the Minnesota River providing an understanding of population dynamics (e.g., 
abundance, growth, recruitment, and mortality), habitat use, and movement patterns of these unique and 
understudied species.  Our enhanced understanding of the Minnesota River ecosystem and information gained 
during this project will not only inform future monitoring efforts and guide management and restoration efforts, 
but also provide the critical ability to understand how the Minnesota River ecosystem responds to future 
changes.  For instance, if invasive carps become established in the Minnesota River, we now have the ability to 
quantify consequent changes in plankton communities, displacement of backwater fish communities, and 
impacts on the Paddlefish population.  Data collected during this project are publicly available for quantitative 
and qualitative analyses while accompanying in-depth reports for each project activity provide valuable context, 
interpretation, and comparisons with other aquatic ecosystems.   

IV. PROJECT ACTIVITIES AND OUTCOMES:   
 
ACTIVITY 1:  Accelerate collection of baseline Minnesota River lower trophic data 
Description:  
Lower trophic organisms (i.e., phytoplankton, zooplankton) are an important component of aquatic ecosystems.  
As primary producers, phytoplankton are the base of the aquatic food chain and are an important food source 
for zooplankton and other aquatic organisms.  In turn, zooplankton are an important food source for many 
larger aquatic organisms including nearly all fish species.  Abundance, composition, and timing of phytoplankton 
and zooplankton communities can have major impacts on aquatic ecosystems and can greatly influence survival, 
growth, and recruitment of fishes.  Both phytoplankton and zooplankton communities are extremely sensitive to 
environmental change and are influenced by a variety of physical and biological factors including temperature, 
hydrology, turbidity, nutrients, competition, and predation.  Thus, climate change, eutrophication, altered 
hydrology, and invasive species can have major impacts on lower trophic ecology, and consequently aquatic 
ecosystems.  
 
Phytoplankton and zooplankton community dynamics have been extensively studied in lakes and oceans, but 
considerably less is known about lower trophic ecology in riverine systems such as the Minnesota River.  Many 
native Minnesota River fishes including Bigmouth Buffalo Ictiobus cyprinellus, Emerald Shiner Notropis 
atherinoides, Gizzard Shad Dorosoma depedianum, and Paddlefish Polydon spathula rely on zooplankton as a 
primary food source.  Unfortunately, limited knowledge and data restrict the ability to predict or quantify how 
changes in land use, climate, and hydrology within the Minnesota River basin affect the lower trophic ecology of 
the Minnesota River.  The threat of invasive carps Hypophthalmichthys spp. and Zebra Mussel Dreissena 
polymorpha expansion into the Minnesota River is of further concern as they would have predatory impacts on 
plankton communities and consequently competitive impacts on native organisms such as Paddlefish and 
freshwater mussel species.  For example, research conducted on the Illinois River showed that although 
zooplankton densities haven’t been significantly impacted by the establishment of invasive carps, the 

Page 6 of 44



5 
 
 
 

zooplankton community has shifted towards smaller species (rotifers) resulting in a significant zooplankton 
biomass decline. 
 
For this project activity, we will quantify spatial and temporal trends in Minnesota River phytoplankton and 
zooplankton communities and identify relationships between plankton communities and water chemistry 
parameters.  Specifically, seven sites representing the spatial complexity of the Minnesota River will be selected 
and monthly phytoplankton, zooplankton, and water samples will be collected July‒October 2016, May‒October 
2017, and May‒October 2018.  This results in a total of 112 sample collection events.  Phytoplankton, 
zooplankton, and water samples will be collected using standard methodologies.  Water samples will be 
processed and analyzed by the Minnesota Department of Agriculture.  Phytoplankton samples will be processed 
and analyzed by contracted laboratories.  Zooplankton samples will be processed and analyzed by DNR staff 
(Jodie Hirsch, Aquatic Biologist) but two additional replicate samples will be performed each month and sent to 
a contracted laboratory for analyses including biovolume measurements.  Phytoplankton and zooplankton 
samples will be analyzed for taxa composition, density, and biovolume or biomass.  Water samples will be 
analyzed for a suite of parameters including but not limited to total phosphorous, total Kjeldahl nitrogen, nitrite 
+ nitrate, chlorophyll a, total suspended solids, total dissolved solids, ammonia-nitrogen, and silica. 
 
Results of this project activity will establish a baseline understanding of Minnesota River phytoplankton and 
zooplankton communities.  This knowledge will increase understanding of the Minnesota River ecosystem, and 
provide the ability to predict responses to various physical (e.g., hydrology), chemical (e.g., nutrients), and 
biological (e.g., invasive species) stressors.  Additionally, continued monitoring efforts will be able to quantify 
changes to Minnesota River phytoplankton and zooplankton communities as they respond to an ever changing 
environment.   
 
Activity 1 Timeline: 

• Prior to July 2016: Seven study sites will be selected and contract bids will be solicited. 
• July 2016‒October 2018: Monthly phytoplankton, zooplankton, and water samples will be collected 

from study sites (May‒October) and sent to contracted laboratories for analyses. 
• October 2018‒June 2019: Minnesota River lower trophic data will be summarized and analyzed.  A final 

report for project activity 1 will be completed by July 2019. 

Summary Budget Information for Activity 1: Revised Budget: $ 145,698 
 Amount Spent: $ 132,365 
 Balance: $ 13,333 

 
Outcome Completion Date 
1. Quantify spatial and temporal variability of Minnesota River phytoplankton 
communities (7 sites, 16 months) 

06-30-2019 

2. Quantify spatial and temporal variability of Minnesota River zooplankton 
communities (7 sites, 16 months) 

06-30-2019 

3. Identify relationships between Minnesota River phytoplankton and zooplankton 
communities with water chemistry parameters 

06-30-2019 

 
Activity Status as of January 16, 2017:   
Seven study sites were selected along the length of the Minnesota River where boat access was available, depth 
was adequate for sampling, and where it was presumed that adequate mixing of water would provide 
representative samples.  From upstream to downstream, these sites include near Montevideo, downstream of 
Granite Falls, Brickyard Aquatic Management Area near Morton, Downstream of New Ulm, St. Peter, Chaska, 
and at the Interstate 35W bridge in Bloomington. 
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Samples were collected in August, September, and October during 2016.  Immediately following sample 
collection, water samples were delivered to the Minnesota Department of Agriculture laboratory for water 
chemistry analyses and zooplankton samples were delivered to Jodie Hirsch at MN DNR Central Office for 
processing.  Following the October sample collection, phytoplankton and replicate zooplankton samples were 
sent to BSA Environmental Services, Inc. in Beachwood, Ohio.  Samples were not collected during July since 
some of the necessary sampling equipment was on backorder until August. 
 
Activity Status as of July 16, 2017:  
Water chemistry, phytoplankton, and zooplankton samples were collected from study sites during April, May, 
and June of 2017.  Samples will also be collected monthly during July–October of 2017 and May–October of 
2018.  Results from previously collected samples are being compiled and preliminary analyses will be available 
during winter 2017–2018.  One noteworthy discovery is the presence of Zebra Mussel veligers in zooplankton 
samples collected both upstream and downstream of Granite Falls Dam.  In general, zooplankton densities have 
been low, but greatest at upstream sites. 
 
Activity Status as of January 16, 2018: 
Water chemistry, phytoplankton and zooplankton samples were collected at all seven study sites during July, 
August, September, and October of 2017 (Map 1). Immediately following sample collection, water samples were 
delivered to the Minnesota Department of Agriculture laboratory for water chemistry analyses and zooplankton 
samples were delivered to Jodie Hirsch at MN DNR Central Office for processing. Phytoplankton and replicate 
zooplankton samples collected during 2017 were shipped to BSA environmental and results are pending. 
 
Preliminary analyses of 2016 and 2017 crustacean zooplankton data indicate generally low densities of 
zooplankton in the Minnesota River varying 0.0–144.0/liter, with the greatest densities occurring at upstream 
sites (Figure 1; Figure 2). Total crustacean zooplankton densities were greatest during August of 2016 (mean = 
25.5/liter) and peaks in zooplankton densities were also observed at some sites during May–June and 
September–October of 2017. Greater zooplankton densities observed during September and October 
corresponded with heavy rain events that may have brought an influx of plankton and nutrients from 
backwaters, tributaries, and surface run-off.  
 
Unlike crustacean zooplankton, total rotifer densities were generally similar across all sample sites and sample 
periods varying 6.3–1,684.2/liter. Rotifer densities were also generally similar among years (2016 and 2017) with 
the exception of a large increase in densities observed across all sites during May of 2017 (Figure 3; Figure 4). 
Although rotifer densities were similar among sites, species composition differs between upstream 
(Montevideo, Granite Falls, Morton) and downstream sites (Chaska, I 35W Bridge).  The most abundant rotifer 
genera across all sites was Keratella spp., which accounted for a majority of rotifers sampled during 2017.  
 
Zooplankton samples were also examined for Zebra Mussel veligers, which were found in samples from all sites, 
but not all sample events (Figure 5). Veliger counts were greatest at upstream reaches (Montevideo, Granite 
Falls, Morton) during spring and early summer months. We hypothesize that populations of adult Zebra Mussels 
upstream of Granite Falls Dam (e.g., Lac qui Parle) are the source of veligers found in the river. This hypothesis is 
supported by site-specific veliger counts and the corresponding hydrographs (Figure 6).  
 
Preliminary analyses of water chemistry data will occur this winter. Some results have been summarized, 
including spatial and temporal trends in nitrate/nitrite and total phosphorus. Nitrogen and phosphorus are 
essential nutrients for plant growth, with phosphorus often the most limiting nutrient in fresh water systems. 
Nitrate/nitrite and total phosphorus concentrations varied among sample sites, but in general, both were 
greatest at downstream sites during both years. Nitrate/nitrite concentrations were greatest during September 
of 2016 (mean = 9.2 mg/L) and peaks in concentrations were observed during June and October of 2017 (Figure 
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7; Figure 8). Total Phosphorus concentrations declined from August to October during 2016 and were more 
variable during 2017 with increased concentrations observed at Montevideo, Granite Falls, Morton, and Chaska 
during July and August. 
 
Lower trophic samples will be collected again at all seven sites during May–October of 2018.  Future analyses 
will focus on identifying relationships between water chemistry parameters, hydrographs, and zooplankton and 
phytoplankton communities.  Additionally, we will compare Minnesota River plankton communities with those 
reported for other large rivers, and discuss potential implications of establishment of Invasive Carps and Zebra 
Mussels. 
 

 
Map 1. Minnesota River lower trophic and water quality sample sites. 
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Figure 1. Monthly Minnesota River zooplankton densities at seven sample sites during 2016. 
 

 
Figure 2.  Monthly Minnesota River zooplankton densities at seven sample sites during 2017.  
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Figure 3. Monthly Minnesota River rotifer densities at seven sample sites during 2016. 
 

 
Figure 4. Monthly Minnesota River rotifer density at seven sample sites during 2017. 
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Figure 5. Monthly Minnesota River Zebra Mussel veliger counts from seven sample site during 2017. 
 
 

 
Figure 6. Minnesota River Zebra Mussel veliger counts and river discharge during 2017 at Montevideo, MN.  
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Figure 7. Monthly Nitrate/Nitrite concentrations at seven Minnesota River sample sites during 2016. 
 

 
Figure 8. Monthly nitrate/nitrite concentrations at seven Minnesota River sample sites during 2017. 
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Figure 9. Monthly Total Phosphorous concentrations at seven Minnesota River sample sites during 2016. 
 

 
Figure 10. Monthly Total Phosphorous concentrations at seven Minnesota River sample sites during 2017. 
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Activity Status as of July 16, 2018: 
Water chemistry, phytoplankton, and zooplankton samples were collected from study sites during May and June 
of 2018.  Samples will also be collected monthly during July–October of 2018. Immediately following sample 
collection, water samples are delivered to the Minnesota Department of Agriculture laboratory for water 
chemistry analyses and zooplankton samples are delivered to Jodie Hirsch at MN DNR Central Office for 
processing. Phytoplankton and replicate zooplankton samples collected during 2018 will be shipped to BSA 
environmental. As they are received, data will be compiled and preliminary analyses of 2018 sample collections 
will be available during winter 2018–2019. All data will be analyzed during winter 2018-2019 and a final report 
will be completed by spring 2019. 
 
Activity Status as of January 16, 2019: 
The final round of water chemistry, phytoplankton, and zooplankton samples were collected from all seven 
study sites during July, August, September, and October of 2018.  Immediately following sample collection, 
water samples were delivered to the Minnesota Department of Agriculture laboratory for water chemistry 
analyses and zooplankton samples were delivered to Jodie Hirsch at MN DNR Central Office for processing.  All 
phytoplankton and replicate zooplankton samples collected during 2018 were shipped to BSA environmental for 
processing.  Zooplankton samples were also evaluated for presence of Zebra Mussel veligers.  We are currently 
waiting to receive the remaining data for 2018 samples.  Once all data are received, we will finalize data 
analyses, complete the final activity report, and develop a manuscript that will be submitted to a peer reviewed 
journal.  
 
Activity highlights 

• Establishing baseline understanding of spatial and temporal trends in Minnesota River 
phytoplankton and zooplankton communities. 

• Collected data will be used to identify relationships between abiotic factors, water chemistry, 
phytoplankton communities, and zooplankton communities. 

• Project outcomes provide the ability to identify lower trophic responses resulting from future 
invasive species, climate change, and land-use changes.  

Final Report Summary:   
We accomplished all Activity 1 objectives. 
 
Summary— 
Phytoplankton and zooplankton communities play important roles in aquatic ecosystems, but are poorly studied 
in lotic systems such as the Minnesota River.  We collected > 100 water chemistry, phytoplankton, and 
zooplankton samples from seven locations along the Minnesota River during April–October 2016–2018 to 
establish a baseline understanding of phytoplankton and zooplankton communities, with emphasis on 
quantifying spatial and temporal trends and identifying relationships between plankton communities and 
environmental parameters (e.g., water chemistry, discharge).  As hypothesized, phytoplankton and zooplankton 
communities were diverse and significantly differed among both months (i.e., temporally) and sites (i.e., 
spatially).  Blue-green algae and diatoms dominate Minnesota River phytoplankton communities and we 
observed annual peaks in blue-green algae biovolume during July–October and diatom biovolume during both 
spring and fall.  The presence of dams strongly influenced zooplankton communities with the greatest biomass 
of crustacean zooplankton at sites downstream of dams while rotifers dominated zooplankton assemblages at 
sites within the free-flowing reaches.  Excluding the influence of dams, the most important factors influencing 
plankton communities are likely seasonal phenology and temporal variability in river discharge.  Water 
chemistry parameters had insignificant or weak relationships with plankton community dynamics.  Invasive 
species, climate change, and land-use alteration are hypothesized to influence the lower trophic ecology of the 
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Minnesota River, and because of baseline datasets collected during this study, we now have the ability to 
quantify and understand future changes resulting from these and other perturbations.             
 
Significant Outcomes— 
• Minnesota River phytoplankton biovolume and zooplankton biomass significantly differs among months 

(temporally) and river kilometers (spatially). 
o Total zooplankton biomass and crustacean zooplankton biomass is greater at upstream sites than 

downstream sites. 
o We observed peak phytoplankton biovolume during July–October, primarily influenced by abundant 

blue-green algae. 
o We observed the greatest peaks in rotifer and copepod biomass during May and in daphnid biomass 

during October. 
• Combining months and sites, mean phytoplankton biovolume was 20.4 mm3 l-1, mean cladoceran biomass 

was 26.4 µg l-1, mean copepod biomass (excluding nauplii and copepodites) was 17.1 µg l-1, and mean rotifer 
biomass was 6.1 µg l-1. 

• The Minnesota River has diverse plankton communities similar to other large Midwestern rivers. 
o 73 phytoplankton genera, 22 crustacean zooplankton genera, 24 rotifer genera. 
o Blue-green algae are the most abundant phytoplankton, including the Aphanizomenon and 

Merismopedia genera. 
o Keratella spp. are the most abundant rotifers. 

• The occurrence of dams and impoundments has a significant influence on Minnesota River zooplankton 
communities. 

o Total zooplankton biomass is greatest at sites downstream of dams (mean biomass of 142.6 µg l-1 
and mean density of 241.7 l-1 at river kilometers 424 and 385) where crustacean zooplankton are 
typically > 80% of the total zooplankton biomass. 

o At sites within the lower free-flowing reach of the Minnesota River (downstream of river kilometer 
315), total zooplankton biomass is much lower (mean of 10.8 µg l-1 with mean density of 208.5 l-1) 
and rotifers are typically > 60 % of the biomass.   

o Mean crustacean zooplankton density and biomass is 18.6 individuals l-1 and 135.6 µg l-1 at the two 
upstream sites and 0.9 individuals l-1 and 5.2 µg l-1 at the five downstream sites. 

• Overall, spatial variability in plankton communities is strongly influenced by the occurrence of dams, but 
plankton communities also significantly differ among months which is likely driven by phenology and 
temporal variability in discharge. 

o Excluding the influence of dams, plankton communities do not significantly differ spatially within the 
lower free-flowing reach of the Minnesota River. 

• Relationships between other abiotic factors (e.g., water temperature, total suspended solids) and plankton 
communities were generally weak or insignificant. 

• Zooplankton communities in the lower-free flowing reach of the Minnesota River are similar to zooplankton 
communities described from the lower Missouri River, the lower Illinois River, and other turbid prairie rivers. 

• Zooplankton communities in the upstream reaches, downstream of dams, are similar to those reported from 
the Mississippi River above and within Lake Pepin and from the Ohio River. 

 
Resulting Hypotheses— 
• Establishment of invasive carps in the Minnesota River will likely shift zooplankton communities towards 

smaller species within reaches and habitats where crustacean zooplankton are abundant (i.e., rotifers). 
o A shift in zooplankton communities and competitive interactions with invasive carps may lead to 

declines in abundance and conditions of native planktivores (e.g., Bigmouth Buffalo). 
• Increased flows resulting from changes in climate and land use will likely increase durations of reduced main 

channel phytoplankton biovolume. 
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• Increased flows are also likely to favor small bodied rotifers rather than large bodied crustacean 
zooplankton within the main channel of the Minnesota River. 

• Natural impoundments may provide an important source of crustacean zooplankton for Minnesota River 
fishes. 

• Plankton production within the Minnesota River floodplain is likely important to the overall dynamics of the 
Minnesota River ecosystem, providing important forage for higher trophic levels (e.g., fish). 

• Natural flow regimes, including natural flood-pulses that connect the main channel with complex floodplain 
habitats, will facilitate the greatest species diversity and ecosystem health. 

 
 
See attached report “Spatial and temporal trends of Minnesota River phytoplankton and zooplankton” for 
thorough analyses, explanation, and discussion.  The attached report also includes associated tables, figures, 
and supplemental figures.  Novel datasets collected for this project are also provided as attachments. 
 
ACTIVITY 2:  Quantify physical habitat characteristics of the Minnesota River 
Description:  
Physical habitat characteristics of the Minnesota River have a direct influence on aquatic organisms from 
phytoplankton to fish.  For example, most fish species require specific habitat features (e.g., depth, substrate, 
current velocity, aquatic macrophytes) for successful spawning.  Rivers are a dynamic landscape feature strongly 
influenced by watershed characteristics, climate, and underlying geology.  Establishing baseline habitat data is 
important for understanding how changes in land use and climate impact the physical features of the Minnesota 
River.  Furthermore, since habitat features greatly influence aquatic organisms and communities, monitoring 
changes in habitat features will inform how and why aquatic ecosystems respond.  
 
For this project, we will establish at least 12 fixed sites where channel dimensions and physical habitat 
characteristics will be quantified within the Minnesota River.  Specifically, at each fixed site, cross sections will 
be established where depth profiles and channel dimensions will be measured.  Additionally, various physical 
habitat characteristics (e.g., substrate, woody cover, riparian vegetation, bathymetry, etc.) will be quantified 
within 1km study reaches.  Protocols developed as part of this project activity will be used to monitor physical 
habitat changes in the Minnesota River over time. 
 
Activity 2 Timeline: 

• Winter and spring 2016: Fixed habitat study sites will be identified and habitat survey protocols will be 
developed. 

• Summer and fall 2016, 2017, and 2018: Habitat surveys will be completed at ≥12 fixed sites. 
• Winter 2018—Spring 2019: Data will be summarized and the final report for project activity 2 will be 

completed by July 2019. 

Summary Budget Information for Activity 2: ENRTF Budget: $ 98,437 
 Amount Spent: $ 81,545 
 Balance: $ 16,892 

 
Outcome Completion Date 
1. Quantify channel dimensions at ≥12 locations along the Minnesota River 06-30-2019 
2. Quantify habitat characteristics for ≥12 1km reaches along the Minnesota River 06-30-2019 

 
Activity Status as of January 16, 2017:   
Habitat surveys were not completed during 2016.  However, a stream restoration workshop was attended to 
further refine the skills necessary for conducting robust habitat surveys.  Potential study sites have been 
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identified, and sampling protocols are being developed.  Low water conditions are required for conducting 
habitat surveys and no such conditions occurred during fall 2016.  
 
Activity Status as of July 16, 2017:  
We are currently waiting for low water conditions to conduct habitat surveys at 12 sites along the Minnesota 
River.  To date, some reconnaissance of sites has been performed and bathymetric maps have been created for 
several reaches of the Minnesota River.  A minimum of four habitat surveys are planned for summer/fall of 2017 
and the remainder of the surveys will be conducted during 2018. 
 
Activity Status as of January 16, 2018: 
During 2017, there was a brief period when river conditions were suitable for completing habitat surveys. During 
that period, we completed habitat surveys at three sites and initiated surveys at three other sites. Specifically, 
we completed comprehensive habitat surveys at sites near Judson and Montevideo and a basic habitat survey 
near Upper Sioux Agency State Park (Map 2). Comprehensive surveys included measuring a cross section of the 
channel at a riffle, measuring the longitudinal profile, creating a bathymetric map, and quantifying the coverage 
of woody debris present in the site. Basic habitat surveys are similar, but exclude cross sections.  We measured 
channel cross sections with a precision laser level, survey rod, and precise GPS by recording coordinates and 
elevation of the streambed/bank and water surface at short intervals (0.25-2 m) across the entire river channel. 
We created longitudinal profiles by measuring the river depths at GPS recorded locations along the thalweg of 
the river.  We created bathymetric maps of habitat survey sites by recording depths along transects with a 
Humminbird depth finder and Autochart software.  Woody debris was quantified within study reaches by 
recording GPS locations of woody debris and estimating the surface area coverage. We initiated surveys at sites 
near North Redwood, Franklin, and New Ulm. Habitat surveys will be completed at these sites and six additional 
sites (St. Peter, Chaska, Mankato, Henderson, Shakopee and Bloomington) during 2018.  Although low flow 
conditions are necessary for completing most components of a habitat survey, bathymetric maps can be created 
during moderate to moderately high flows.  Habitat data will be summarized during the upcoming winter and 
during fall 2018 thru spring 2019.  

 
Map 2. Locations of habitat survey sites along the Minnesota River.  
 
Activity Status as of July 16, 2018: 
We are currently waiting for low water conditions to finish habitat surveys at 9 of 12 sites along the Minnesota 
River. During the high water periods this spring, we were able to create bathymetric maps for the nine 
remaining sites. We plan on completing longitudinal profiles and woody debris measurements at seven of nine 
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remaining sites (North Redwood, Franklin, New Ulm, Mankato, Henderson, Shakopee, and Bloomington) and 
longitudinal profiles, riffle cross sections, and woody debris measurements at St. Peter and Chaska (Map 3). 
Additionally, during a brief low water period this spring, we were able to complete a comprehensive habitat 
survey at a site upstream from the Kinney boat landing near Granite Falls.  
 

 
Map 3: Locations of habitat survey sites along the Minnesota River. Red dots indicate completed sites, black dots 
indicate sites that require longitudinal profile and woody debris measurements, and blue dots indicate sites that 
require a riffle cross section, longitudinal profile, and woody debris measurements.  
 
Activity Status as of January 16, 2019: 
Prolonged periods of high water again limited our ability to complete habitat surveys during 2018.  Fortunately, 
surveys are complete at 9 of 12 sites and partially complete at the remaining 3 sites.  We anticipate completing 
the 3 unfished surveys during early spring of 2019.  The final report for this project activity is mostly complete, 
and the data from unfished sites will be added to the final report prior to project completion.  The final report 
for this project activity will serve as an important reference point for Minnesota River physical habitat 
characteristics (e.g., longitudinal profiles, cross-sections).  Below is an example of the data collected from one of 
the 12 habitat sites. 
 
Preliminary results from the Judson habitat study site near river mile 115. 
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Figure. Elevation cross section of the Minnesota River valley near Judson, MN based on LiDAR data. 
 

 
Figure. Surveyed cross section of the Minnesota River at a riffle near Judson, MN. 
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Figure. Longitudinal profile of the Minnesota River thalweg near Judson, MN.  The solid line represents the river 
bed and the dashed line represents the water surface. 
 

 
Figure. Bathymetric map of the Minnesota River near Judson, MN. 
 
Table. Land cover types within various distances from the Minnesota River near Judson, MN. 

Judson 
Riparian Zone Count % 

Agriculture 296 80.43 
Forest-cover 30 8.15 

Wetlands 36 9.78 
Human Disturbance 6 1.63 

 368  
   

500 meter Count % 
Agriculture 3244 56.70 

Forest-cover 352 6.15 
Wetlands 1334 23.32 

Human Disturbance 462 8.08 
Openwater 329 5.75 
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1000 meter Count % 
Agriculture 7913 60.19 

Forest-cover 873 6.64 
Wetlands 2743 20.87 

Human Disturbance 1046 7.96 
Openwater 571 4.34 

 13146  
   

5000 meter Count % 
Agriculture 99712 73.69 

Forest-cover 15449 11.42 
Wetlands 9127 6.74 

Human Disturbance 7998 5.91 
Openwater 3033 2.24 

  135319   
 
Final Report Summary:   
We accomplished all project activity objectives.  However, extended periods of high-water conditions prevented 
us from collecting all of the desired data from all 12 habitat sites. 
 
Summary— 
Physical habitat has direct and indirect influences on biotic communities of riverine ecosystems. In alluvial 
systems like the Minnesota River, many factors influence physical habitat and geomorphology including 
watershed characteristics, underlying geology, climate, flow regime and human induced changes. The complex 
interactions between these factors often creates a dynamic mosaic of habitats, but some can also lead to 
homogenization of habitats. The Minnesota River landscape has many anthropogenic alterations (row crop 
agriculture and artificial drainage systems) and is experiencing changes in climate (increased precipitation and 
magnitude of single rain events) that impact the physical habitat of the river. The goal of this study is increasing 
understanding of physical habitat characteristics of the Minnesota River to provide insight into how future 
anthropogenic changes and climate changes may impact physical habitat and ecosystem health. During August 
2016–August 2018, we quantified channel dimensions and other physical habitat characteristics at twelve sites 
along the Minnesota River. Habitat complexity varied widely among the twelve study sites with channel 
sinuosity varying 1.05–2.76, mean thalweg depth varying 1.31–6.96 m, and percent of woody debris coverage 
varying 0.18–2.38%. Land cover types varied at different scales among study sites, but in general, wetlands 
dominated land cover types at a local scales (e.g., riparian zone) while agriculture dominated land cover type at 
larger scales (e.g., greater than 500 m zone). Changes in land use and climate will undoubtedly impact physical 
habitat of the Minnesota River and subsequently the entire ecosystem, but the extent is unknown.  The results 
of this study provide baseline measurements of physical habitat features that will allow for future quantification 
of changes.  
 
Significant Outcomes— 
• We quantified channel dimensions and physical habitat characteristics at twelve 2.0-5.5 km study sites 

located along the lower 402 km of the Minnesota River.  
• Basic habitat surveys at 10 study sites included bathymetric mapping, longitudinal profiles, and woody 

debris surveys. Comprehensive habitat surveys at 2 study sites also included riffle cross section surveys. 
• Average channel sinuosity of study sites was 1.34, varying from 1.05 to 2.76. 
• Woody habitat (e.g., log jams, fallen trees) is prevalent in the Minnesota River, with percent of channel 

surface area covered with woody debris varying from 0.2% to 2.4%. 
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• Mean thalweg depth of the 12 sites was 3.45 m, varying 1.31–6.96 m. 
• Riparian zone land cover is primarily wetlands, while the proportion of agriculture land cover increases at 

larger scales, accounting for approximately 78% of land in the Minnesota River watershed.  
• Sediments in the Minnesota River Basin are highly erodible, consisting mostly of alluvium, till plain, and 

supraglacial drift complex which results in large amounts of sediment transport and deposition within the 
Minnesota River.  

• Mean annual precipitation and the magnitude of single rain events is increasing throughout the Minnesota 
River Basin, resulting in increased mean discharge that impacts channel morphology and habitat complexity 
of the Minnesota River. 

• Collection of baseline physical habitat data, coupled with continued monitoring, will provide insight into 
how the physical features and the Minnesota River ecosystem will respond to continued changes in climate, 
land use, and conservation efforts.  

 
See attached report “Evaluation of Minnesota River physical habitat features” for thorough analyses, 
explanation, and discussion.  The attached report also includes associated tables, figures, and supplemental 
materials.  Novel datasets collected for this project are also provided as attachments. 
 
ACTIVITY 3:  Inventory Minnesota River backwater fish communities 
Description:  
The floodplain is an important component of the river ecosystem and backwater habitats within the floodplain 
serve vital ecosystem functions.  The Minnesota River floodplain contains hundreds of backwater habitats that 
provide valuable habitat for fish and other organisms.  For fish, these backwaters can serve multiple functions 
from spawning and nursery habitat, to zooplankton rich foraging areas, and refuge from high-flow conditions.  
For example, many nest spawning centrarchids (e.g., Bluegill Lepomis macrochirus, Black Crappie Pomoxis 
nigromaculatus ) utilize the lentic environment of backwaters for spawning habitat.  Backwater habitats typically 
support greater zooplankton densities than main-channel habitats and thus provide important foraging habitat 
for species such as Bigmouth Buffalo, Gizzard Shad, and Paddlefish.  Some Minnesota River fish species such as 
Bowfin Amia calva, Central Mudminnow Umbra limi, Largemouth Bass Micropterus salmoides, and Weed Shiner 
Notropis texanus are almost exclusively found in backwater habitats.   
 
All backwaters provide some form of habitat for aquatic organisms, but not all backwater habitats are equal.  
Size, depth, substrate, connectivity, distance from river channel, macrophyte cover, and other physical features 
influence the species that utilize the habitat.  Changes in hydrologic characteristics resulting from climate 
change and land use practices can greatly influence the functionality of backwater habitats.  For example, flood 
timing, frequency, magnitude, and duration regulate connectivity of backwaters to the river channel and 
consequently access by fish.  Furthermore, sediment deposition can fill in backwaters altering or eliminating 
their ecosystem function.  
 
Invasive carps are also known to extensively utilize backwater habitats for feeding and as a nursery habitat for 
juveniles.  If invasive carps were to establish in the Minnesota River, they could compete with native fishes for 
space and food resources found in backwater habitats.  Documenting fish communities found in Minnesota 
River backwaters prior to invasive carp establishment will provide the opportunity to understand how invasive 
carps impact backwater habitat use by native species if they become established in the Minnesota River. 
 
Despite the importance of Minnesota River backwater habitats, very little information exists about their 
ecosystem functions or fish communities.  For this project activity, we will develop survey protocols for sampling 
fish communities in backwater habitats and perform extensive fish community assessments in at least 12 
Minnesota River backwaters that represent the spatial and physical diversity of backwater habitats found in the 
Minnesota River floodplain.  Fish community assessment gears that will be evaluated and used include but are 
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not limited to gill nets, fyke nets, boat electrofishing, and seines.  Evaluated backwaters will represent the 
diversity of Minnesota River backwaters in regards to size, depth, connectivity, and physical attributes.  
 
Outcomes of this project activity will increase understanding of the ecological function of Minnesota River 
backwater habitats and utilization of backwater habitats by Minnesota River fishes.  Additionally, outcomes of 
this project activity will provide the DNR and other agencies with protocols for monitoring backwater fish 
communities and the ability to measure future changes to Minnesota River backwater fish communities.  Lastly, 
outcomes of this activity will help prioritize floodplain habitats for conservation, restoration, and protection 
efforts. 
 
Activity 3 Timeline: 

• Winter and spring 2016: Literature will be reviewed to identify the most appropriate methods for 
sampling backwater fish communities. 

• Winter 2016: Geographic information systems (GIS) and other tools will be used to identify candidate 
backwaters representative of the spatial and physical diversity of Minnesota River backwaters. 

• Winter 2016‒2017 and spring 2017: Landowner permission will be obtained for access to backwaters on 
private property, and reconnaissance of selected backwaters will be performed.    

• Summer‒fall 2017 and spring‒fall 2018: Comprehensive fish community assessments will be performed 
in at least 12 backwater habitats.  Additionally, physical habitat features will be described. 

• Winter 2018‒2019: Data will be summarized and a final report for project activity 3 will be completed by 
July 2019. 

Summary Budget Information for Activity 3: ENRTF Budget: $ 96,437 
 Amount Spent: $ 95,190 
 Balance: $ 1,247 

 
Outcome Completion Date 
1. Develop and evaluate fish community survey protocols for Minnesota River 
backwater habitats 

06-30-2019 

2. Characterize fish communities in at least 12 Minnesota River backwaters 06-30-2019 
 
Activity Status as of January 16, 2017:    
Aerial imagery was used to identify candidate backwaters.  Considerations when selecting backwaters included 
connection type, size (i.e., area), longitudinal location along the river, past survey history, and accessibility.  Field 
reconnaissance was conducted to evaluate feasibility of accessing several candidate backwaters and river 
conditions (i.e., water level) necessary for access were identified.  
 
During 2016, four Minnesota River backwaters were surveyed.  These backwaters included an oxbow lake near 
Montevideo, an oxbow lake near Franklin, Mack Lake southwest of Fairfax, and a backwater at the MN River 
boat ramp near Belle Plaine.  A combination of seining, boat electrofishing, gill nets, and fyke nets were used to 
sample the fish communities.  Forty-one species of fish were sampled in these 4 backwaters.  Physical 
characteristics of the backwaters were recorded as well as characteristics of the surrounding land.  Most fish 
were measured, weighed and released.  Aging structures (scales and otoliths) from 36 Black Crappie and 28 
White Crappie were collected from Mack Lake.  Aging structures will be collected from crappies in other 
backwaters where sample sizes are adequate so that age and growth can be compared among backwaters. 
 
Activity Status as of July 16, 2017:  
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During spring of 2017, one additional backwater (Gifford Lake near Chaska) was sampled. This assessment 
included gill nets, trap nets, seines, and boat electrofishing. At least three additional backwater surveys are 
planned for this summer or early fall. The remaining backwater surveys will be conducted during 2018.   
 
Activity Status as of January 16, 2018: 
Three additional backwaters including Sulfur Lake, Beckendorf Lake, and an Oxbow near New Ulm were sampled 
during summer of 2017 (Map 4).  To date, eight of twelve backwater surveys have been completed. The eight 
surveyed backwaters varied in size from 5 to 100 acres with fish species richness varying from 14 to 30 for a 
total of 48 unique species (Table 1). During 2018, at least four more backwaters will be surveyed, likely including 
Long Slough near Montevideo, Anderson Lake near Franklin, Long Lake near Jordan, and Louisville Swamp near 
Chaska.  
 
Black and White Crappies were aged from Gifford Lake and Mack Lake. For Gifford Lake, White Crappie ranged 
190–285 mm in total length and 2–3 years old, while Black Crappie ranged 107–279 mm in total length and 1–6 
years old. For Mack Lake, White Crappie ranged 66–256 mm in total length and 0–2 years old, while Black 
Crappie ranged 95–321 mm in total length and 0–3 years old. We hope catches of Black and White Crappie are 
sufficient for age and growth analyses in additional backwaters sampled during 2018.    
 
In addition to backwater surveys conducted for this study, past backwater fish surveys by Schmidt and Polomis 
(2007) and Nickel (2014) will be used to evaluate relationships between backwater characteristics (e.g., size, 
depth, connectivity) and fish assemblages.  

 
Map 4. Locations of Minnesota River backwater lakes included in this study. 
 
Table 1. List of the 48 fish species sampled in eight Minnesota River backwaters during 2016 and 2017. 

Species List  
Bigmouth Buffalo Common Shiner Largemouth Bass Slenderhead Darter 
Black Bullhead Creek Chub Mooneye Smallmouth Buffalo 
Black Crappie Emerald Shiner Northern Pike Spotfin Shiner 
Blackchin Shiner Fathead Minnow Orangespotted Sunfish Spottail Shiner 
Bluegill Flathead Catfish Pumpkinseed Tadpole Madtom 
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Bluntnose Minnow Freshwater Drum Quillback Walleye 
Bowfin Gizzard Shad River Carpsucker Weed Shiner 
Brassy Minnow Golden Shiner Sand Shiner White Bass 
Brook Stickleback Green Sunfish Sauger White Crappie 
Central Mudminnow Highfin Carpsucker Shorthead Redhorse White Sucker 
Channel Catfish Hybrid Sunfish Shortnose Gar Yellow Bullhead 
Common Carp Johnny Darter Silver Redhorse Yellow Perch 

 
Activity Status as of July 16, 2018: 
During spring of 2018, two backwaters (Anderson Lake near Franklin and Hwy 14 Oxbow north of Montevideo) 
were sampled. These assessments included trap nets, seines, and boat electrofishing. At least three additional 
backwater surveys (Long Slough, Long Lake, and Louisville Swamp) are planned for summer or early fall of 2018.  
 
Activity Status as of January 16, 2019: 
During the remainder of the 2018 field season two more backwaters were surveyed (Long Lake and Blue Lake), 
satisfying our project goal of completing 12 backwater assessments.  Although standard backwater assessments 
included trap nets, seines, gill nets, and boat electrofishing; oftentimes, one or more gear types were infeasible 
for surveying a given backwater (e.g., too steep sided for seine surveys, inaccessible by electrofishing boat).  
Overall, a combination of boat electrofishing and shoreline seining were effective at capturing most fish species 
inhabiting Minnesota River backwaters (see figure below).  Brown Bullhead, Bullhead Minnow, and Longnose 
Gar are the three fish species not captured from backwaters during 2016 or 2017 that were captured from 
backwaters during 2018.  A final report summarizing Minnesota River backwater fish species communities will 
be completed; adding a wealth of information to the relatively limited knowledge of Minnesota River backwater 
ecosystems.   
 

 
Figure. Venn Diagram depicting the different gears that fish species (standard 3 letter codes) were captured with 
during Minnesota River backwater assessments. 
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Final Report Summary:   
We completed all project activity objectives by surveying fish assemblages in 12 Minnesota River backwaters. 
 
Summary— 
Backwater habitats are a vital component of river ecosystems. Lateral connection between the main channel 
and backwater habitats allows for crucial ecosystem functions such as the exchange of nutrients, organic matter, 
and organisms. This exchange has been hypothesized as a primary process structuring riverine species 
communities that utilize backwater habitats for various purposes (e.g., reproduction, foraging, refuge). The 
Minnesota River floodplain contains hundreds of perennial and intermittent backwater habitats that provide 
valuable habitat for fish and other organisms. Despite their importance, very few studies have evaluated their 
ecosystem function and fish communities. The goals of this study include refining protocols for monitoring 
backwater fish communities, increasing understanding of fish communities inhabiting Minnesota River 
backwaters, and collecting baseline data for evaluating future impacts of altered hydrology and habitat or 
establishment of invasive species. During August 2016–September 2018 we conducted fisheries assessments in 
12 backwaters using a suite of sampling gears including boat electrofishing, gill nets (standard and large mesh), 
fyke nets (19mm, 9.5mm, and 3.2 mm bar mesh), and seines. Surveyed backwaters varied in surface area 2–106 
ha, maximum depth 1.2–4.6 m, connectivity low–high, and associated river km 32–433. Fish species richness 
captured in each backwater varied 14–30 for a total of 51 unique fish species that represented a diversity of 
feeding habits, spawning behaviors, pollution tolerances, and preferred habitat types. Seines captured the most 
species (40 of 51) while gill nets captured the fewest species (21 of 51). A combination of seining and boat 
electrofishing captured 98% of the fish species sampled during this study. Changes in climate and land use and 
establishment of invasive species will undoubtedly impact Minnesota River backwater ecosystems, but the 
extent is unknown. The results of this study provide increased understanding of Minnesota River backwater 
ecosystems and the ability to identify changes attributed to future perturbations. 
 
Significant Outcomes— 
• We characterized fish communities in 12 backwaters located along the Minnesota River that represent the 

diversity of backwater habitats within the floodplain. 
• Surveyed backwaters varied in surface area (2–106 hectares), maximum depth (1.2–4.6 m), type (oxbow, 

wetland, floodplain lake), connectivity with the main channel (low, moderate, high), and associated river 
kilometer (32–433).  

• Fish communities were sampled using a suite of sampling gears including boat electrofishing, gill nets, fyke 
nets, and seines.  

• A total of 51 unique fish species representing 14 families were captured, and species richness varied 14–30 
among surveyed backwaters. 

• Non-metric multidimensional scaling ordinations (NMDS) revealed that river kilometer and surface area had 
a significant influence on fish community structure. 

• Seining and boat electrofishing were the most effective methods for determining the presence of fish 
species in backwater habitats. Seines captured 40 of 51 total species while boat electrofishing captured 38 
species. Overall, 98% of fish species were captured with a combination of the two gears.  

• This study highlights the diversity of Minnesota River backwater habitats and their fish communities.  
• Mean annual precipitation and the magnitude of large rainfall events is increasing throughout the 

Minnesota River Basin resulting in increased mean discharge, more severe flood events, and altered flow 
regimes. Altered hydrology can impact both the ecological function of backwaters and fish community 
composition.  

• Future impacts caused by the establishment of invasive species are hypothesized. Bighead Carp and Silver 
Carp will likely utilize backwaters for foraging and nursery habitat if they become established in the 
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Minnesota River. Invasive carps compete with other planktivorous fishes and can alter zooplankton 
communities.  

• Collection of baseline fish community data along with continued monitoring will provide the ability to 
identify changes attributed to future perturbations such as altered hydrology, land use changes, or 
establishment of invasive species. 

See attached report “Minnesota River backwater fish communities” for thorough analyses, explanation, and 
discussion.  The attached report also includes associated tables, figures, and supplemental materials.  Novel 
datasets collected for this project are also provided as attachments. 
 
ACTIVITY 4:  Evaluate population dynamics, movement, and habitat use of sensitive fish species (i.e., 
Shovelnose Sturgeon, Paddlefish) in the Minnesota River 
Description:  
Shovelnose Sturgeon are considered a sensitive large river fish species that have been negatively impacted 
across their native range by over harvest, habitat degradation, and habitat fragmentation (e.g., dams).  
Shovelnose sturgeon are also a long-lived species that typically do not reach sexual maturity until after age five 
and can live more than thirty years.  In recent years, shovelnose sturgeon catches have increased during fish 
community assessments on the Minnesota River providing evidence of an increasing population.  As a result, 
regulations have been changed to allow a catch-and-release angling season.  Although the Shovelnose Sturgeon 
is an important indicator species, very little is known about the Shovelnose Sturgeon population in the 
Minnesota River.   
 
For this project activity, intensive sampling will occur at four or more study sites on the Minnesota River to 
capture Shovelnose Sturgeon with a variety of assessment gears (e.g., trammel nets, electrofishing, benthic 
trawls, hook and line).  Captured Shovelnose Sturgeon will be measured for length and weight, implanted with a 
uniquely coded passive integrated transponder (PIT), and fin clipped.  Additionally, up to five fish from each 
centimeter length group will have a fin ray removed for age estimation.  Relative abundance, length frequency, 
length-at-age, mark-recapture, and age estimation data will be used to estimate growth, recruitment, and 
mortality of the Minnesota River Shovelnose Sturgeon population in addition to population density or relative 
abundance.   
 
Acoustic telemetry technology will also be utilized to evaluate seasonal movement patterns and habitat use of 
Shovelnose Sturgeon in the Minnesota River.  Up to ten fish captured from each study site will be surgically 
implanted with an acoustic transmitter tag (Vemco 69 KHZ acoustic tags).  The large-scale movement of these 
tagged fish will be detected by six acoustic receivers (Vemco VR2W-69KHZ) deployed into the Minnesota River.  
These acoustic receivers will be an important expansion to an existing array of acoustic receivers deployed 
throughout the Mississippi River and its major tributaries.  The array of acoustic receivers provides the ability to 
monitor the movement of hundreds of tagged fish throughout the upper Mississippi River basin, representing a 
diversity of species, including invasive carps.  Active tracking equipment (Vemco VR100) will also be used to 
locate tagged Shovelnose Sturgeon and identify finer-scale seasonal habitat use throughout the duration of this 
project.  
 
Similar to Shovelnose Sturgeon, very little is known about the Paddlefish population in the Minnesota River as 
Paddlefish are rarely caught by anglers or fisheries biologists.  However, commercial fishermen typically 
encounter several Paddlefish each year while conducting seining operations in Minnesota River backwaters.  
During this project, DNR employees will coordinate with commercial fishermen and if Paddlefish are captured 
they will be surgically implanted with an acoustic transmitter tag.  Telemetry data will be used to better 
understand migration patterns of Minnesota River Paddlefish and determine their tendency to move between 
the Minnesota River and Mississippi River. 
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This project will accelerate efforts to better understand rare and sensitive fish species of the Minnesota River. 
Data collected during this project will provide the foundation for future monitoring of these fish species 
populations and allow us to track population responses to climate change, land use alteration, and 
establishment of aquatic invasive species.  The array of acoustic receivers deployed during this project will allow 
tracking of tagged fish well beyond the scope of this project, and can be utilized for future projects to better 
understand fish movement within the Minnesota River as well as immigration and emigration.  Future captures 
of PIT tagged Shovelnose Sturgeon will also provide continued information about Shovelnose Sturgeon growth 
and movement within the Minnesota River.   
 
Activity 4 Timeline: 

• Winter 2016: Identify intensive study sites and finalize sampling plan for evaluation of Shovelnose 
Sturgeon population dynamics in the Minnesota River. 

• Fall 2016: Deploy 6 acoustic receivers onto Minnesota River bridge pilings to track movement of acoustic 
tagged fish. 

• Spring‒Fall of 2016, 2017, 2018: Conduct Shovelnose Sturgeon sampling and tagging  
• Continuously:  

o Maintain and upload data from acoustic receivers 
o Coordinate with commercial fishermen for opportunities to tag Paddlefish with acoustic 

transmitters 
o Actively track acoustic tagged fish to identify seasonal habitat use 

• Winter 2018‒Spring 2019: Summarized and analyzed data will be compiled for project activity 4 and the 
final report will be completed by July 2019. 

Summary Budget Information for Activity 4: Revised Budget: $ 159,428 
 Amount Spent: $ 155,131 
 Balance: $ 4,297 

 
 

 
Outcome Completion Date 
1. Estimate population dynamics (abundance, growth, mortality, recruitment) of 
Shovelnose Sturgeon in the Minnesota River 

06-30-2019 

2. Quantify movement patterns and habitat use of tagged Shovelnose Sturgeon in the 
Minnesota River 

06-30-2019 

3. If Paddlefish are encountered during this project, quantify movement patterns and 
habitat use of tagged Minnesota River Paddlefish 

06-30-2019 

 
Activity Status as of January 16, 2017:    
Study sites were selected where Shovelnose Sturgeon (North Redwood, Judson, Mankato, and Chaska) and 
Paddlefish (St. Peter) will be targeted with intensive sampling efforts.  Additionally, a subsample of Shovelnose 
Sturgeon or Paddlefish will be surgically implanted with acoustic transmitters at each site.  To date, transmitters 
were surgically implanted in 9 sturgeon near North Redwood, 9 near Judson, 7 near Mankato, and 1 near 
Chaska.  Four Paddlefish captured near St. Peter were implanted with transmitters. Therefore, a total of 30 
transmitters were implanted this fall resulting in 10 that still need to be implanted. In addition to implanting 
transmitters, 62 Shovelnose Sturgeon were PIT tagged and aging structures were collected from 37 Shovelnose 
Sturgeon.  
 

Page 29 of 44



28 
 
 
 

Subsequent tracking efforts detected 28 of 30 fish after initial tagging. Most fish appear to remain close to the 
site they were caught and tagged at. One exception was a Shovelnose Sturgeon tagged near North Redwood 
that was later detected on a stationary receiver near New Ulm, approximately 50 river miles downstream. As a 
result of high water conditions, a complement of gears were required to catch Shovelnose Sturgeon including 
trammel nets, electrofishing, trotlines, and hook and line sampling. Five additional stationary Vemco VR2 
receivers were purchased to install on bridge piers to enhance the already existing array of six VR2 receivers in 
the Minnesota River. These additional receivers could not be installed this fall due to high water conditions.   
 
Activity Status as of July 16, 2017:  
Sampling efforts during spring of 2017 captured 151 Shovelnose Sturgeon across four study reaches and ten of 
those fish were implanted with acoustic transmitters for a total of 36 tagged Shovelnose Sturgeon.  Active 
tracking surveys were also conducted at each study reach. Ten additional acoustic tags were purchased with 
external funds for implanting into Paddlefish. Fortunately, 10 Paddlefish were captured at a new study reach 
near Upper Sioux Agency State Park and seven were implanted with acoustic transmitters. We will continue to 
sample and tag Shovelnose Sturgeon and Paddlefish for the duration of this project and will use active and 
passive tracking methods to identify movement patterns and habitat use.  Age and growth analyses will be 
conducted using Shovelnose Sturgeon pectoral fin rays. 
 
Activity Status as of January 16, 2018: 
Low water conditions during late summer allowed for installation of three acoustic receivers on bridge piers in 
the Minnesota River near St. Peter, Judson, and Upper Sioux Agency State Park. Two remaining receivers will be 
installed during 2018.  All receivers (n=9) were uploaded during fall or winter of 2017, and active tracking 
surveys were completed at each study reach. To date, of the 36 Shovelnose Sturgeon implanted with acoustic 
transmitters, five fish have been detected outside of the stretch of river they were tagged. Two of the fish made 
small movements < 10 mile upstream and three fish made large movements of > 50 miles (two upstream and 
one downstream; Figure 11).  Four of the fourteen Paddlefish tagged with acoustic transmitters for this project, 
as well as three Paddlefish tagged in other rivers (Mississippi River Pools 2 and 3 and the St. Croix River), have 
made long distance movements. The first Paddlefish tagged for this study travelled over 500 river miles in less 
than one year, leaving the Minnesota River on multiple occasions (Figure 12).  
 
Additional Shovelnose Sturgeon and Paddlefish sampling was conducted during fall of 2017 to bolster sample 
sizes. Gillnets were drifted near St. Peter and Mankato catching 51 new paddlefish (45 at St. Peter and 6 at 
Mankato) for a total of 66 Paddlefish caught during this project (Map 5). Paddlefish are generally captured from 
current seams between fast currents and adjacent slack waters.  Paddlefish captured near Upper Sioux Agency 
State Park were found feeding in plankton rich water coming from the outlet of a shallow backwater lake.  To 
date, 315 Shovelnose Sturgeon have been captured for this project with only two recaptured fish.  
Unfortunately, low numbers of recaptured fish limit our ability to estimate abundance, but the relatively large 
number of fish captured is indicative of a rather abundant population.  Future goals are to confirm successful 
Shovelnose Sturgeon reproduction in the Minnesota River by sampling for juveniles.  
 
The large number of Paddlefish captured during this project provides encouraging evidence that Minnesota’s 
Paddlefish populations are recovering and are more abundant that previously believed.  Paddlefish are 
migratory, exhibiting rather large distance movements among multiple rivers, and should be appropriately 
managed at a basin-wide scale.  Monitoring and managing Paddlefish populations will remain high priority as we 
hope the status of this state threatened species continues to improve.   
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Map 5. Shovelnose Sturgeon and Paddlefish sampling locations along the Minnesota River.  
 

 
Figure 11. A Shovelnose Sturgeon implanted with acoustic tag number 52309 was initially caught and tagged 
near Judson, MN on October 12th, 2016 and repeatedly detected at that location until May 9th, 2017. During 
2017, this sturgeon passed a stationary receiver near New Ulm, MN on June 6th and a receiver near Vicksburg, 
MN on July 5th. Then on August 8th this sturgeon passed a stationary receiver near Judson, MN, presumably on 
its way back to the site where it was tagged.  
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Figure 12. The first Paddlefish captured during this project (acoustic tag number 52318) was caught near St. 
Peter on August 31st of 2016 and has made several trips past Savage, MN. In less than one year, we have 
documented over 500 miles of movement from this fish.  
 
Activity Status as of July 16, 2018: 
During spring of 2018, we conducted active tracking surveys at all Shovelnose Sturgeon study sites (North 
Redwood, Judson, Mankato, and Chaska). During these active tracking events we detected seven Shovelnose 
Sturgeon and one Paddlefish within the study sites where they were originally tagged. Active tracking was also 
conducted in the stretch of river from below Granite Falls Dam to Upper Sioux Agency State Park (approximately 
12 river miles). We detected six of seven Paddlefish that were previously tagged near Upper Sioux Agency State 
Park during 2017. Most Paddlefish detections were in a deep hole upstream from the Kinney boat ramp 
(downstream of Granite Falls and Minnesota Falls). We hypothesize that this location might be a staging area for 
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spawning individuals, however no spawning activity was observed. During our most recent tracking event, four 
of the six Paddlefish were detected in the deep hole near the Kinney Access while one fish moved downstream 
to another deep hole where it was also detected during the summer of 2017. Along with active tracking, we 
captured and tagged (PIT and Jaw) six Paddlefish at the Kinney site. Additional congregations of Paddlefish have 
also been observed near the Kinney boat ramp and Upper Sioux Agency State Park indicating that these areas 
are heavily used by Paddlefish during the spring. 
  
Due to high water, we have not been able to upload stationary acoustic receivers during 2018. We will upload 
receivers as soon as water levels allow and install the two remaining receivers. Additional data from receivers in 
the Mississippi River and St. Croix River indicate that four of the fourteen Paddlefish tagged as part of this study 
have moved out of the Minnesota River and into other rivers (Mississippi River Pools 2 and 3 and the St. Croix 
River). Three of the four Paddlefish that left the Minnesota River were tagged at St. Peter, and frequently move 
between the Minnesota and Mississippi Rivers. The other Paddlefish that left the Minnesota River was tagged at 
Upper Sioux Agency State Park and was most recently detected near downtown St. Paul. Generally, the fish that 
have been tagged at Upper Sioux Agency have not made long distance movements and this is the first Paddlefish 
from that location to move out of the Minnesota River. We will continue to track and sample Shovelnose 
Sturgeon and Paddlefish throughout the summer and fall of 2018.  
 
Activity Status as of January 16, 2019: 
During October and November 2018, Paddlefish gill net assessments were conducted at the St. Peter and Kinney 
sites and Shovelnose Sturgeon trotline assessments were conducted at the North Redwood, Judson, and 
Mankato sites.  A total of 12 Paddlefish were captured and tagged at the Kinney site (including 2 recaptures), 18 
Shovelnose Sturgeon were captured form the North Redwood site (1 recapture), 48 Shovelnose Sturgeon were 
captured from the Judson site (2 recaptures), and 21 Shovelnose Sturgeon were captured from the Mankato 
site.  Recaptured fish allow for abundance estimates.  
 
Active tracking surveys were conducted at all four Shovelnose Sturgeon sites during fall 2018 while several 
active Paddlefish tracking surveys were conducted at the St. Peter and Kinney sites throughout 2018.  At least 
one tagged Shovelnose Sturgeon was present in each study reach and we found Paddlefish consistently using 
the St. Peter and Kinney sites throughout the year.  Additionally, each stationary acoustic receiver was uploaded 
at least once during summer or fall 2018 except the receiver at Henderson.  All receivers will be uploaded again 
during spring of 2019 and additional active tracking surveys will be conducted at Paddlefish sites (most 
Shovelnose Sturgeon tags will be expired by spring 2019).   
 
The final report will include an exhaustive summary of Paddlefish and Shovelnose Sturgeon population dynamics 
and movement patterns observed during this study.  The bullet points below provide a preview of the study 
outcomes for Shovelnose Sturgeon as of fall 2018.  
 
Sampling Methods 

• Shovelnose Sturgeon were captured with benthic trawls (25; 6%), trammel nets (31; 8%), hook and line 
(37; 9.5%), boat electrofishing (105; 27%), and trotlines (188; 49%). 

• Fall trotlines (water temperature ≤ 50℉) were the most effective sampling method with an average 
catch rate of 1.3 fish/10 hooks. 

• All captured Shovelnose Sturgeon were implanted with a PIT tag and had their left pelvic fin clipped as a 
secondary external mark. 

Acoustic Telemetry 
• Thirty-six Shovelnose Sturgeon were implanted with acoustic transmitters, nine at each site. 
• Twenty-six were tagged during late-summer or fall 2016, 10 were tagged during spring 2017. 
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• Active tracking surveys were conducted at study sites 5 to 11 times after fish were tagged. 
• Nine VR2W passive acoustic receivers were installed at fixed locations, including sites very near or 

within study sites at Judson, Mankato, and Chaska. 
• Based on detected movements, 25/36 tagged fish were confirmed alive >6 months after tagging. 
• Overall, we suspect 30/36 tagged fish survived and retained their tag during the study period. 
• Six fish were never detected shortly after being tagged, therefore, these fish were excluded from 

analyses of movement patterns since their fate is unknown (2 each at North Redwood, Judson, and 
Chaska) 

• Largescale movements (>5 km) were never detected for 17/30 fish. 
• Three of 30 fish moved downstream at least 20–142 km (during June, July, or October) 
• Ten of 30 fish made large upstream movements of up to >166 km (all during April-June) 
• We hypothesize that upstream movements are associated with spawning activity. 
• Many tagged fish stayed within or often returned to their initial tagging site. 
• After initial tagging, 24/30 fish appeared to stay near their tagging site for at least 6 months, 16 for at 

least 1 year, and 12 for at least 18 months. 
• Twenty-five of 30 fish were detected near their tagging site at least once after the first winter. 
• Twenty of 30 fish were detected near their tagging site at least once after 1 year. 
• Eight tagged fish exhibited evidence of strong site fidelity by either returning to their tagging site after a 

confirmed large-scale movement or by being detected within their tagging site throughout the study, 
but also frequently not detected within the tagging site (indicating frequent excursion away from and 
back to tagging sites). 

• Many fish also exhibited periods of very little movement, for instance, 12/30 fish were suspected to stay 
within a 1km reaches for over 20 day periods while 5/30 stayed within 1km reaches for over 200 day 
periods. 

• Specifically, fish 52306 tagged at Judson was found repeatedly (8 of 8 trips) within the same general 1km 
reach of river during a 17 month period before being detected 3km upstream. 

• Fish 52322 was detected near the North Redwood site 4 times after tagging (during 9/12/16 to 5/15/18), 
was then detected 18 km upstream on 5/13/18, and then back in North Redwood on 9/13/18. 

Recapture Data 
• During the study period, 5 Shovelnose Sturgeon were recaptured within study sites. 
• One at North Redwood, 3 at Judson, and 1 at Chaska. 
• Unfortunately, catch rates and recapture rates are insufficient for making robust population estimates. 
• Very assumptive population density estimates for Shovelnose Sturgeon ≥ 560 mm are 96/km or 35,040 

from Granite Falls Dam to Hwy 169 near Shakopee. 

Final Report Summary:   
We accomplished all project activity objectives including increasing understanding of Paddlefish in the 
Minnesota River.  Estimates of Shovelnose Sturgeon population density were limited by our ability to effectively 
and reliably capture Shovelnose Sturgeon. 
 
Shovelnose Sturgeon Summary— 
Shovelnose Sturgeon Scaphirhynchus platorynchus is one of two species of the globally imperiled sturgeon 
family native to Minnesota.  Sturgeons are generally long-lived, slow-growing, and late-maturing resulting in 
particular sensitivity to habitat alteration and over-harvest.  Although perception is Shovelnose Sturgeon are 
relatively abundant in the Minnesota River, historically collected data are insufficient for monitoring the 
population.  Thus, we sought to establish a baseline understanding of Minnesota Rive Shovelnose Sturgeon 
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population dynamics and evaluate movement patterns.  During August 2016–November 2018 we conducted 
extensive targeted sampling at four Minnesota River sites; capturing 391 Shovelnose Sturgeon varying 282–775 
mm fork-length and estimated ages 2–15 years.  We found fall trotlines set when water temperatures fell below 
10℃ as the most effective method for capturing Shovelnose Sturgeon from the Minnesota River, but similar to 
most evaluated methods, trotlines primarily captured fish > 570 mm fork length.  Estimated Von Bertalanffy 
growth parameters (L∞ = 669.7 and K = 0.323), annual mortality (A = 0.33), and population density (96 ≥ 560 mm 
fork length Shovelnose Sturgeon per river km) are relatively similar to estimates reported for other large river 
populations of Shovelnose Sturgeon, and particularly other populations in the upper Mississippi River basin.  
Both active and passive telemetry indicated that most Shovelnose Sturgeon surgically implanted with acoustic 
transmitters exhibited small home ranges of < 20 river km during a two year period, but four fish migrated > 100 
river km.  Our results provide evidence of an abundant Minnesota River Shovelnose Sturgeon population with 
typical to fast growth rates, consistent recruitment, and moderate annual adult mortality rates reflective of a 
healthy population.  However, we captured very few young (i.e., < age 5) fish, likely resulting from size bias of 
sampling methods, but potentially indicating poor recruitment during recent years.  The next steps for ensuring 
sustainability of the Minnesota River Shovelnose Sturgeon population include evaluating recruitment success, 
identifying critical spawning habits, and continued monitoring of population dynamics. 
 
Shovelnose Sturgeon Significant Outcomes— 
• Shovelnose Sturgeon are abundant in the free-flowing reach of the Minnesota River with an estimated 

population density of approximately 100 adult fish per river kilometer. 
• Shovelnose Sturgeon captured during this project varied in fork length 282–775 mm and ages 2–15 years 

indicating that many year classes are present and recruitment is relatively consistent. 
o However, very few young (< age-5) Shovelnose Sturgeon were captured during this project and zero 

≤ age-1 Shovelnose Sturgeon have been captured during the last five years. This is a potentially 
concerning indication of limited recruitment success during recent years, but more likely a reflection 
of ineffective sampling methods for capturing small fish.  

• Minnesota River Shovelnose Sturgeon growth is similar to growth in other Mississippi River basin 
populations with fish reaching approximately 600 mm fork length by age 8, maximum observed fork lengths 
around 800 mm, and maximum age of 15 years. 

• Estimated annual survival of age-7 and older Shovelnose Sturgeon is 67%, which is similar to other large 
river Shovelnose Sturgeon populations. 

• Minnesota River Shovelnose Sturgeon are most effectively sampled with fall trotline surveys, but captured 
fish tend to be ≥ 590 mm fork length. 

o An effective method for sampling young and juvenile Minnesota River Shovelnose Sturgeon has not 
been identified. 

• Most acoustic tagged Shovelnose Sturgeon (17 of 30) exhibited small home ranges (< 5 km), but 7 of 30 
exhibited upstream movements > 20 km and up to > 160 km.   

• Large upstream movement always occurred during April-June and we hypothesize they are associated with 
spawning. 

• Overall, most acoustic tagged Shovelnose Sturgeon exhibited very little movement, often remaining within a 
small reach of river for long periods of time, and exhibited site fidelity by often returning to the same reach 
of river (if they did exhibit any long distance movements). 

Shovelnose Sturgeon Remaining Questions— 
• Where do Shovelnose Sturgeon spawn within the Minnesota River?   
• Do they successfully spawn in a few specific locations or at many locations throughout the river? 
• Is successful Shovelnose Sturgeon spawning still frequently occurring, or do low numbers of young 

Shovelnose Sturgeon captured during this study indicate limited recruitment during recent years? 
• Would the Shovelnose Sturgeon population be resilient to harvest mortality? 
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• Is immigration or emigration important for the Minnesota River Shovelnose Sturgeon population? 
 
Paddlefish Summary— 
Minnesota is at the northern periphery of the Paddlefish’s Polyodon spathula native range, and similar to other 
regions, habitat alterations (e.g., dams) and commercial fishing likely led to population declines during the early 
1900s.  By the late 1900’s many Paddlefish populations were increasing, but confirmed records from upstream 
of Mississippi River Navigation Pool 4 remained rare.  In fact, prior to 2016, Minnesota Department of Natural 
Resources fisheries assessments only captured one Paddlefish from the Minnesota River. With a seemingly 
increasing number of recreational angler and commercial fisher reports of Paddlefish catches during recent 
years, the goal of this study was to increase understanding of the presence and habitat use of Paddlefish in the 
Minnesota River.  With experimental targeted sampling efforts we captured 85 Paddlefish varying 669–1,098 
mm eye-fork length from the Minnesota River during August 2016–October 2018.  We captured all Paddlefish 
from four small reaches of the Minnesota River, two of which appear to have large congregations of Paddlefish 
nearly year-round.  We surgically implanted acoustic transmitters into 14 Paddlefish that exhibited a mean linear 
home range of 124 river km, but varying widely 0–398 river km.  The greatest cumulative movement detected 
for an individual fish was 1,281 river km during a 2-year period.  Four fish tagged during this study emigrated 
from the Minnesota River while six Paddlefish initially captured in the St. Croix River or Mississippi River 
immigrated into the Minnesota River.  Results from this study provide encouraging evidence of a more abundant 
population of Paddlefish inhabiting the Minnesota River than previously perceived, and that Paddlefish 
frequently move between the Minnesota, Mississippi, and St. Croix Rivers.  Identifying and protecting important 
spawning habitats within the upper Mississippi River basin is an important next step for ensuring sustainability 
of the population. 
 
Paddlefish Significant Outcomes— 

• A more significant number of Paddlefish inhabit the Minnesota River than previously perceived and 
ensuring the persistence and health of this population warrants continued monitoring efforts. 

o DNR staff captured 85 Paddlefish from the Minnesota River compared to one prior to this study. 
o Captured Paddlefish varied 669–1,098 mm in length (eye–fork) indicating presence of multiple 

year-classes. 
• We identified at least four locations where Paddlefish tend to congregate, and suspect many other 

similar locations exist throughout the 395 rkm free-flowing reach of Minnesota River. 
o Paddlefish congregations are often associated with large slack-water areas. 
o Some congregation areas may be seasonally important because of zooplankton inputs from 

nearby backwater habitats.  
• At least some Paddlefish inhabit the Minnesota River for long periods of time (> 1 year), providing 

evidence of a persistent Minnesota River population. 
• Paddlefish frequently move among the Minnesota River, Mississippi River, and St. Croix River and some 

fish pass upstream and downstream through lock and dams. 
• We summarized movement behaviors of Paddlefish into three categories. 

o One group of resident fish that exhibit little movement and occupy a small home range (≤ 50 
rkm). 

o Another group of migratory Paddlefish that exhibited either one large migration or patterned 
seasonal migratory movements. 

o The third group of nomadic Paddlefish exhibit frequent and seemingly random upstream and 
downstream movements.  

• Some Minnesota River Paddlefish exhibited one-directional migrations > 230 rkm and the most mobile 
Paddlefish traveled > 1,200 rkm cumulatively during a 2-year period. 
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• We determined that drifted or stationary hobbled gill nets with 12.7 cm bar mesh are effective for 
capturing Paddlefish in the Minnesota River but may be size selective for 800–1,000 mm eye–fork length 
fish. 

See attached reports “Paddlefish inhabiting the Minnesota River” and “Minnesota River Shovelnose Sturgeon: 
population dynamics and movement patterns” for thorough analyses, explanation, and discussion.  The attached 
report also includes associated tables, figures, and supplemental materials.  Novel datasets collected for this 
project are also provided as attachments. 
 
V. DISSEMINATION: 
Description: 
Project leaders will take advantage of all opportunities to share data and results of this project with other 
agencies, interested stakeholders, and the general public.  At a minimum, one oral presentation will be given 
each year to provide project updates and preliminary results to relevant scientific audiences at state or regional 
conferences.  Additionally, annual project updates and preliminary results will be disseminated electronically to 
a diverse audience.  After the completion of this project, a final report for each project activity will be published 
as a DNR report made publicly available and one or more peer-reviewed manuscripts will be published in 
appropriate scientific journals.  All data collected during this project will be freely shared.  
 
Status as of January 16, 2017:    
Preliminary findings were presented to the MN DNR southern region fisheries staff at the Region 4 Fisheries 
Supervisor meeting on 12/15/2016 and 12/16/2016.  Tony Sindt and Mike Wolf plan to present a summary of 
the project and preliminary results at the Minnesota Chapter of the American Fisheries Society meeting during 
2017.  
 
Status as of July 16, 2017:  
Preliminary results were presented at the Minnesota Chapter of the American Fisheries Society meeting during 
December 2017.  During winter 2017/2018 preliminary analyses will be performed and data will be summarized.  
We anticipate presenting further preliminary results at a minimum of one scientific meeting this upcoming 
winter. 
 
Status as of January 16, 2018: 
Preliminary results and a description of the project were presented to a group of citizen workgroup members 
and DNR staff at a MN DNR citizen catfish workgroup meeting during August 2017. During December 2017, a 
project update was presented at a regional DNR fisheries staff meeting.  Multiple presentations are being 
created to share preliminary project results at the 2018 Minnesota Chapter of the American Fisheries Society 
meeting.    
 
Status as of July 16, 2018: 
During February of 2018 project staff shared preliminary project findings with fisheries professionals at the 
annual meeting of the Minnesota Chapter of the American Fisheries Society.  Mike Wolf gave a presentation 
titled “Shovelnose Sturgeon and Paddlefish populations and movements in the Minnesota River” while Mike 
Vaske developed a poster presentation titled “Inventory of Minnesota River backwater fish communities”.  Mike 
Wolf also discussed the project with local anglers at a Hutchinson Area Fisheries Avid Angler meeting.  Most 
recently, Mike Wolf attended a Minnesota River Congress meeting where he discussed the project and 
preliminary results.  We intend on sharing more complete project results at various meetings during the 
remaining year of the project including internal DNR meetings and the annual Minnesota Chapter of the 
American Fisheries Society meeting. 
 
Status as of January 16, 2019: 
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A summary of project activities and outcomes was shared with the MN DNR Catfish Citizen Workgroup during 
August 2018.  Finalized project results will also be presented at the 2019 annual meeting of the Minnesota 
Chapter of the American Fisheries Society.  We currently intend on submitting manuscripts to peer reviewed 
journals based on outcomes from project activities one and four.   
 
Final Report Summary: 
Resulting from this project, we developed five comprehensive reports summarizing and analyzing the novel 
datasets we collected that provide important comparisons with other aquatic systems and discuss implications 
for future Minnesota River ecosystem monitoring and management (i.e., Activity 1 Final Report—Spatial and 
temporal trends of Minnesota River phytoplankton and zooplankton, Activity 2 Final Report—Evaluation of 
Minnesota River physical habitat features, Activity 3 Final Report—Minnesota River backwater fish communities, 
Activity 4A Final Report—Minnesota River Shovelnose Sturgeon: population dynamics and movement patterns, 
Activity 4B Final Report—Paddlefish inhabiting the Minnesota River).  Condensed versions of the reports 
associated with activity one (e.g., plankton dynamics) and activity four (e.g., Shovelnose Sturgeon, Paddlefish) 
will be submitted for publication in open-access peer reviewed scientific journals (e.g., Journal of Fish and 
Wildlife Management; Journal of Freshwater Ecology).  During the project, we provided project updates and 
preliminary results to scientific audiences at three annual meetings of the Minnesota Chapter of the American 
Fisheries Society and to members of the public at Hutchinson Area Avid Angler Meetings, Citizen Catfish 
Workgroup meetings, and a Minnesota River Congress meeting.  Ultimately, we intend on providing data, 
project reports, and project summaries on the Minnesota River Fisheries page of the Minnesota Department of 
Natural Resources website (Minnesota River Fisheries Page).  We are also seeking appropriate venues to present 
final project results with interested members of the public and other scientific and conservation entities as one 
of the most valuable outcomes of this project is the collection of novel datasets on important components of the 
Minnesota River ecosystem.   
 
VI. PROJECT BUDGET SUMMARY:   
A. ENRTF Budget Overview: 
Budget Category $ Amount Overview Explanation 
Personnel: $318,958 NR Fisheries Specialist 100% FTE for ~36 

months, NR Fisheries Technician 100% FTE for 
~30 months, and Summer Intern 100% FTE for 
~8 months 

Professional/Technical/Service Contracts: $38,646 1 contract for water chemistry analyses by the 
Minnesota Department of Agriculture 
($19,152), 1 contract for phytoplankton 
analyses TBD through competitive bid 
($14,631), and 1 contract for zooplankton 
analyses TBD through competitive bid ($4,863) 

Equipment/Tools/Supplies: $36,917 Plankton and water sampling supplies, habitat 
survey supplies, fish tags and telemetry 
equipment, fish sampling equipment, personal 
protective gear 

Capital Expenditures over $5,000: $6,274 VEMCO VR100 Manual Acoustic Receiver 
Travel Expenses in MN: $29,392 $28,171 for fleet expenses (mileage) and $1,221 

for in-state travel expenses (meals and lodging) 
Other: $34,044 Direct and necessary expenses: Human 

Resources Support, IT Support, Safety Support, 
Financial Support, Communications Support, 
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Planning Support, and Procurement Support 
necessary to accomplishing funded 
programs/projects.   

TOTAL ENRTF BUDGET: $464,231  
 
Explanation of Use of Classified Staff:  Zero classified staff will be funded by this project.  The three positions 
funded by this project (NR Specialist, NR Technician, and Summer Intern) will be unclassified staff funded 
specifically for and only for this project.  Classified staff, such as the project manager, will provide some in-kind 
contributions to the project (≈$67,000). 
 
Explanation of Capital Expenditures Greater Than $5,000: 
The only capital expenditure greater than $5,000, will be for the purchase of a Vemco VR100 manual acoustic 
receiver (approximately $6,500).  The VR100 receiver will be used for project activity 4 to manually track and 
identify the location of Shovelnose Sturgeon and Paddlefish implanted with acoustic transmitter tags.  This 
equipment will continue to be used by the DNR to track tagged fish beyond the completion of this project. 
 
Number of Full-time Equivalents (FTE) Directly Funded with this ENRTF Appropriation: 6.16FTEs 
 
Number of Full-time Equivalents (FTE) Estimated to Be Funded through Contracts with this ENRTF 
Appropriation: 0 FTEs 
 
B. Other Funds: 

Source of Funds 
$ Amount 
Proposed 

$ Amount 
Spent Use of Other Funds 

State    
DNR facilities & services (In-kind 
Support) 

$9,000 $9,000 Office space, office overhead, technical 
& field support 

Existing DNR equipment (In-
Kind Support) 

$14,000 $14,000 Boats, sampling equipment (fyke nets, 
gill nets, trawls, seines), microscopes, 
lab supplies, etc.  This equipment is 
already owned and maintained by the 
DNR, and will continue to be used by 
the DNR for various other fisheries 
projects. 

DNR staff salary (In-Kind 
Support) 

$67,500 $67,500 Tony Sindt (Project Manager) - 25% FTE 
for 36 months, Brian Schultz (Project 
Supervisor) – 5% FTE for 36 months, and 
Jodie Hirsch (Zooplankton Analyses) – 
4% FTE for 36 months 

TOTAL OTHER FUNDS: $90,500 $90,500  
VII. PROJECT STRATEGY:  
A. Project Partners:   N/A 
 
B. Project Impact and Long-term Strategy:   
Outcomes of this project will be directly or indirectly used to A) enhance fundamental understanding of the 
Minnesota River ecosystem; B) measure future impacts of land conversion, climate change, aquatic invasive 
species, and conservation efforts; C) inform monitoring of Minnesota River ecological health; and D) guide 
future management, restoration, and protection efforts.  Although this project is largely focused on gathering 
foundational data, outcomes from this project may have direct uses for improving the health of the Minnesota 
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River.  For instance, quantifying plankton communities in the Minnesota River will provide information 
necessary for predicting and quantifying impacts of invasive carps if they become established in the Minnesota 
River; baseline habitat data can be used to measure the success of future conservation efforts aimed at 
increasing channel stability and reducing sedimentation;  building an understanding of backwater habitat 
functionality and fish communities can help guide conservation and restoration efforts for maximized floodplain 
habitat value; and telemetry data may be used to identify important Shovelnose Sturgeon spawning habitats 
that warrants special protection.   
 
The Minnesota River is an important geological, biological, and recreational resource for all Minnesotan’s.  
Accordingly, the DNR Section of Fisheries has recently dedicated one full-time fisheries specialist to managing 
Minnesota River fisheries and monitoring long-term biological health.  The value and effectiveness of this DNR 
position will be exponentially increased by the accelerated development of sampling protocols and 
establishment of baseline ecological datasets resulting from this project.  As a result, future DNR sampling 
efforts can build upon the outcomes of this project, and focus on measuring change and monitoring ecosystem 
health rather than collecting initial baseline data.   Additionally, external funds will be continually sought to 
increase the DNR’s capacity to build upon the outcomes of this project and share data with other entities.          
 
C. Funding History:  

Funding Source and Use of Funds Funding Timeframe $ Amount 
The type and extent of data collection proposed for this project has 
never been done by the DNR Section of Fisheries.  However, DNR 
Section of Fisheries has conducted fisheries assessments and other 
surveys on the Minnesota River which helped inform and develop 
this project.  Past efforts on the Minnesota River include fish 
population assessments (1959, 1966, 1971, 1985, 1992, 1998, 
2004), annual fish index of biotic integrity surveys (2003–2015), 
creel surveys (1998), and Flathead Catfish assessments (1989–2000, 
2008–2009, 2013–present). 

1959–Present Est. $700,000–
$1,000,000 
from Game 
and Fish funds 

Minnesota River Specialist: Starting in 2014, the DNR Section of 
Fisheries dedicated one full-time fisheries specialist for inventorying 
and managing Minnesota River fisheries and with limited 
monitoring aspects to address long-term biological health.  The 
Minnesota River Specialist is the designated project manager that 
contributed to the development of this project and will dedicate at 
least 25% of his time to coordinating and managing this project (in-
kind support). 

2014–Present Est. $180,000 
from Game 
and Fish funds 

Many past surveys and reports by various agencies and 
organizations (e.g., Minnesota Pollution Control Agency, Minnesota 
State University- Mankato, DNR Division of Ecological & Water 
Resources, University of Minnesota, United State Geological Survey) 
have contributed to the existing knowledge about the Minnesota 
River ecosystem and helped inform the development of this project.  
However, these LGUs have not been able to fund or collect the 
targeted information listed in this project. 

1965–Present Unknown 

 
VIII. FEE TITLE ACQUISITION/CONSERVATION EASEMENT/RESTORATION REQUIREMENTS: 
 
A. Parcel List: N/A 
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B. Acquisition/Restoration Information: N/A 
 
IX. VISUAL COMPONENT or MAP(S): See attached visual. 
 
X. RESEARCH ADDENDUM: N/A 
 
XI. REPORTING REQUIREMENTS: 
Periodic work plan status update reports will be submitted no later than January 16, 2017; July 16, 2017; 
January 16, 2018; July 16, 2018; and January 16, 2019.  A final report and associated products will be 
submitted between June 30 and August 15, 2019. 
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Environment and Natural Resources Trust Fund
Final M.L. 2016 Project Budget

Project Title: Enhancing Understanding of Minnesota River Aquatic Ecosystem
Legal Citation: M.L. 2016, Chp. 186, Sec. 2, Subd. 03i
Project Manager: Tony Sindt
Organization: Minnesota Department of Natural Resources
M.L. 2016 ENRTF Appropriation:  $500,000
Project Length and Completion Date: 3 Years, June 30, 2019
Date of Report: August 12, 2019

ENVIRONMENT AND NATURAL RESOURCES 
TRUST FUND BUDGET

Revised 
Activity 1 
Budget 

07/06/2018
Amount 
Spent

Activity 1
Balance

Activity 2 
Budget

Amount 
Spent

Activity 2
Balance

Activity 3 
Budget

Amount 
Spent

Activity 3
Balance

Revised 
Activity 4 
Budget 

07/06/2018
Amount 
Spent

Activity 4
Balance

TOTAL 
BUDGET

TOTAL
BALANCE

BUDGET ITEM

Personnel (Wages and Benefits) $80,375 $72,649 $7,726 $80,375 $65,290 $15,085 $80,375 $79,998 $377 $102,341 $101,021 $1,320 $343,466 $24,508
NR Fisheries Specialist: $175,000 (70% salary, 30% 
fringe); 100% FTE for 36 months
NR Fisheries Technician: $132,000 (70% salary, 30% 
fringe); 100% FTE for 30 months
Summer Intern: $14,500 (100% salary); 100% FTE for 
8 months
Professional/Technical/Service Contracts
Minnesota Department of Agriculture: Water chemistry 
analyses

$22,000 $19,152 $2,848 $22,000 $2,848

TBD (competitive bid): Phytoplankton analyses $14,896 $14,631 $265 $14,896 $265
TBD (competitive bid): Zooplankton analyses $4,864 $4,863 $1 $4,864 $1
Equipment/Tools/Supplies $5,500 $4,583 $917 $3,000 $1,939 $1,061 $1,000 $1,000 $0 $31,251 $29,395 $1,856 $40,751 $3,834
Plankton and water sampling supplies ($5,500)
Habitat survey supplies ($3,000)
Fish tags and telemetry equipment ($29,000)
Fish sampling equipment ($2,000)
Personal protective gear ($1,251)
Capital Expenditures Over $5,000
Vemco VR100 Manual Acoustic Receiver $6,274 $6,274 $0 $6,274 $0
Travel expenses in Minnesota
Fleet transportation $8,500 $7,905 $595 $5,500 $5,067 $433 $5,500 $5,356 $144 $10,000 $9,843 $157 $29,500 $1,329
In-state travel expenses: meals and lodging for distant 
and overnight status

$750 $71 $679 $750 $738 $12 $750 $325 $425 $750 $87 $663 $3,000 $1,779

Other
Direct and necessary expenses: Human Resources 
Support ($8,963), IT Support ($15,367), Safety Support 
($2,113), Financial Support ($6,507), Communications 
Support ($1,236), Planning Support ($829), and 
Procurement Support ($235) necessary to 
accomplishing funded programs/projects.  

$8,813 $8,511 $302 $8,812 $8,511 $301 $8,812 $8,511 $301 $8,812 $8,511 $301 $35,249 $1,205

COLUMN TOTAL $145,698 $132,365 $13,333 $98,437 $81,545 $16,892 $96,437 $95,190 $1,247 $159,428 $155,131 $4,297 $500,000 $35,769

Accelerate collection of baseline 
Minnesota River lower trophic data

Quantify physical habitat 
characteristics of the Minnesota River

Inventory Minnesota River backwater 
fish communities

Evaluate population dynamics, 
movement, and habitat use of 
sensitive fish species in the Minnesota 
River
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St. Peter

Minneapolis

Belle Plaine

Paddlefish 
exhibited home 
ranges of over 

200 miles

PROJECT SUMMARY—
ENHANCING UNDERSTANDING OFMINNESOTA RIVER AQUATIC ECOSYSTEM

PROJECT OVERVIEW

Funding for this project was provided by the Minnesota 
Environment and Natural Resources Trust Fund 

M.L. 2016, Chp. 186, Sec. 2, Subd. 03ib

July 2019     •     Hutchinson.Fisheries@state.mn.us   

Problem—The ecological health of the Minnesota River is continually impacted by:

Project outcomes will be used to quantify future ecosystem changes and inform management 
strategies that will benefit the ecological health of the Minnesota River.

Objective—Accelerate understanding of the Minnesota River ecosystem including:

PLANKTON

COMMUNITIES

HABITAT

FEATURES

UNIQUE

FISH SPECIES

BACKWATER

ECOSYSTEMS

INVASIVE

SPECIES

CLIMATE

CHANGE

CONSERVATION

EFFORTS

LAND

MANAGEMENT

Plankton—Conducted the first comprehensive 

survey of Minnesota River plankton communities.

Habitat—Quantified habitat features, including 

relative elevation of the riverbed at 12 fixed sites.

Backwaters—Highlighted the diversity 

and importance of backwater habitats; 
capturing 51 fish species.

Fish—Unveiled a population of Paddlefish and evaluated 

population dynamics of Shovelnose Sturgeon. 

Outcomes

Bathymetric map of a reach of 
river near Judson, MN
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©MNDNR C. Iverson

Sectioned fin rays 
were used to 

estimate age and 
growth of 
sturgeon
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