
Environmental Drivers of Cyanobacterial Abundance and Cyanotoxin Production in
the Upper Mississippi River

Shawn Giblin
Mississippi River Water Quality Specialist

Wisconsin Department of Natural Resources



It’s Important to know what conditions are driving 
cyanobacteria blooms and the production of cyanotoxins
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Backwater connectivity - types

Water exchange a function of:
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Baseline Cyanobacteria Drivers Study
2009 and 2011
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Between the high flow and low flow 
years- plus the wide range of 
connectivity to the MC of the seven 
sites (3 MC sites, 4 BW sites)

Nearly the full range of expected 
environmental conditions (water temp, 
nutrients, water velocity, water depth) 
within the UMR were sampled
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Diagram of thresholds
Numeric breakpoints 
for key env. variables



Microcystin is produced by members of the genera Aphanizomenon, 
Dolichospermum (previously Anabaena), Microcystis, Planktothrix, and Pseudanabaena.

Anatoxin a is produced by members of the genera Aphanizomenon, 
Dolichospermum (previously Anabaena), and Planktothrix, and Pseudanabaena.

Plaas, H. E., & Paerl, H. W. (2020)

(b) Regression tree model. Predicted total toxin-producing cyanobacteria
 genera biovolume for each branch of the tree is in the lower ovals

16x difference in toxin-producing 
cyanobacteria biovolume



Higher Discharge Warmer Water Temperature Higher TP Higher TN
General Higher total biovolume Lower Bacillariophyta biovolume Higher Cyanobacteria biovolume Lower total biovolume

Regression Higher Bacillariophyta biovolume Higher Microcystis biovolume Higher potentially toxic Cyanobacteria biovolume Lower Bacillariophyta biovolume

Tree Higher Chlorophyta biovolume Higher Dolichospermum biovolume Lower Cyanobacteria biovolume

Trends Lower Aphanizomenon biovolume Higher Aphanizomenon biovolume Lower potentially toxic Cyanobacteria biovolume

Higher Microcystis biovolume

Higher N:P Ratio Higher SS* Greater Water Depth Higher Water Velocity
General Lower total biovolume Higher total biovolume Lower total biovolume Lower potentially toxic Cyanobacteria biovolume

Regression Lower Cryptophyta biovolume Higher Bacillariophyta biovolume Lower Chlorophyta biovolume

Tree Higher Euglenophyta biovolume Higher Dolichospermum biovolume Lower Dolichospermum biovolume

Trends Higher Pseudanabaena biovolume Lower Psuedanabaena biovolume

Higher Planktothrix biovolume

*Higher within study sites; maximum SS = 21.9 mg L-1

Table 2. Phytoplankton taxa related to explanatory environmental covariates based on general regression tree models.

• Giblin, S. M., & Gerrish, G. A. (2020). Environmental factors controlling 
phytoplankton dynamics in a large floodplain river with emphasis on 
cyanobacteria. River Research and Applications, 36(7), 1137-1150.



Paerl and Otten 2013



Environmental drivers of cyanobacterial abundance and cyanotoxin production in 

backwaters of the Upper Mississippi River

Shawn M. Giblin1, James H. Larson2 and Jeremy D. King1

8 Backwaters: Range of water residence time, N & P, temp, turbidity, water depth and rooted vegetation cover 

Pools 5-8
(63 river 

miles)

April-Oct
2019

• Giblin, S. M., Larson, J. H., & King, J. D. (2022). 
Environmental drivers of cyanobacterial 
abundance and cyanotoxin production in 
backwaters of the Upper Mississippi River. River 
Research and Applications, 38(6), 1115-1128.

Microcystin
Anatoxin a
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We can’t address Miss R. eutrophication issues without 
reducing both N & P loading.



Trempealeau National Wildlife 
Refuge: Current Status and 

Opportunities for Restoration

• Locked in an undesirable, turbid 
ecological state, making the 
establishment of desirable 
rooted vegetation difficult to 
impossible.

• High water conditions on the 
Mississippi and Trempealeau 
Rivers prevent growing season 
drawdowns that are effective to 
stimulate submergent and 
emergent plant growth. 

• Habitat for migratory birds and 
marsh wildlife is diminished as a 
result of the turbid, unvegetated 
conditions.
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Trempealeau NWR 
Summer Conditions



2019 Cyanotoxin Study Data
April-October

Turbidity goal < 20
NTU to promote

rooted submersed 
vegetation

TP continues to 
build up

Also: 
• shallow depth 
And due to isolation (leveed):
• warmer water
• less flushing 
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Severe 
nuisance 
bloom 
>60 ug/L

Good opportunity for 
habitat restoration
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Potential Predictors Cyanobacterial biovolume N-fixing biovolume Microcystin concentration Anatoxin A concentration
Hypothesis: N-limitation/P-excess

DIN:PO4 0.03 (-0.19, 0.24) -0.09 (-0.31, 0.12) -0.23 (-0.42, -0.05) -0.11 (-0.31, 0.09)
TN:TP -0.01 (-0.20, 0.21) -0.18 (-0.39, 0.03) -0.27 (-0.43, -0.11) -0.21 (-0.36, -0.07)
PO4 -0.05 (-0.23, 0.13) -0.17 (-0.35, 0.03) -0.10 (-0.30, 0.10) -0.19 (-0.37, -0.02)
TP 0.12 (-0.09, 0.35) 0.08 (-0.18, 0.33) 0.25 (0.04, 0.46) 0.23 (0.02, 0.45)
DIN -0.03 (-0.22, 0.15) -0.22 (-0.41, -0.03) -0.36 (-0.51, -0.20) -0.29 (-0.44, -0.16)
TN 0.17 (-0.02, 0.36) -0.001 (-0.23, 0.23) -0.08 (-0.31, 0.15) 0.10 (-0.11, 0.32)

Hypothesis: Temperature
Water temperature (°C) 0.12 (-0.08, 0.33) 0.40 (0.26, 0.55) 0.22 (0.02, 0.42) 0.17 (-0.02, 0.36)

Hypothesis: Flushing
Water velocity (m s-1) -0.05 (-0.25, 0.14) -0.18 (-0.36, -0.004) -0.43 (-0.52, -0.34) -0.22 (-0.31, -0.13)

Hypothesis:  Turbidity
TSS 0.15 (-0.07, 0.37) 0.06 (-0.21, 0.33) 0.25 (0.02, 0.49) 0.39 (0.24, 0.55)

Hypothesis:  Vegetative 
shading/competition for 

nutrients/allelopathy
Vegetative cover (percent) -0.11 (-0.34, 0.11) 0.08 (-0.16, 0.33) -0.12 (-0.38, 0.13) -0.34 (-0.51, -0.20)
Hypothesis:  Shallow depth results in 
more wind resuspension, increased 

N-limitation and higher water 
temperature 

Water depth -0.14 (-0.33, 0.06) -0.35 (-0.53, -0.17) -0.34 (-0.53, -0.15) -0.26 (-0.42, -0.11)

Table 2:  Correlation coefficients (with bootstrapped 95% confidence intervals) between hypothesized drivers of cyanobacterial abundance and toxicity.  
Correlation coefficients are estimated using Kendall’s tau (recommended for samples with many non-detects).

Seeing cyanobacteria and cyanotoxin problems in association with:
• High TP
• Low DIN
• High water temperature
• Low water velocity (low flushing; long water residence time)
• High turbidity 
• Low rooted macrophyte cover
• Shallow water depth



A Simple solution that utilizes abundant, low P & TSS Mississippi River water to flush Pools A and B

Route water into Pools A & B to 
flush system with clean water

Water routed 
out control 
structure

TP within 
main channel 

1/3 that of  
Refuge Pools

Photic zone 
depth within 
main channel 
consistently 
3x greater 
than the 
adjacent 

Refuge Pools

Typical year 
only getting 

sufficient light 
to bottom in 
about 10% of 
area in Refuge 

Pools



Flipping the Trempealeau NWR Ecosystem Back to a Clear/Vegetated Ecological 
State Will Likely Require:

• Flushing low phosphorus and low TSS Mississippi River main channel water through refuge pools to increase water clarity, 
reduce phosphorus and reduce water residence time.

• Building islands to break up wind fetch (as little as 5 mph wind can resuspend sediment & nutrients off bottom).
• Getting water levels as shallow as possible during the growing season so light can reach the bottom to establish submersed 

aquatic vegetation.

 

Conceptual 
Model from 
Tremp. NWR 
Letter Report 



Day 100 = April 10 
Day 300 = October 27 

.

Mertes Slough

Trempealeau National Wildlife Refuge
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Trempealeau National Wildlife Refuge and Mertes Slough selected for next 
round of Upper Mississippi River Restoration habitat projects



What’s Eating the Trempealeau Lakes: The 
Case for Controlling Nitrogen Loading

First

Round

Black R.
(Tank Creek))

Miss R.



Annual Phosphorus Concentration
Mississippi River 

Lock and Dam 9 (Lynxville, WI)

~1% annual decrease



Annual Nitrate Concentration 
Mississippi River

Lock and Dam 9 (Lynxville, WI)

~2% annual increase



• ~30 square miles
• sand outwash terrace
• permeable sandy soils
• intensive cash cropping



Groundwater Nitrate-Nitrogen Problem 
Areas

1. S. Trempealeau County- near 
Trempealeau

Highly permeable soil region

WI Well Water Viewer

WI Well Water Viewer - Center for Watershed Science and 
Education | UWSP

https://www3.uwsp.edu/cnr-ap/watershed/Pages/WellWaterViewer.aspx
https://www3.uwsp.edu/cnr-ap/watershed/Pages/WellWaterViewer.aspx


The Trempealeau NWR and 
Trempealeau Lakes: Two Water 
Problems With Different Solutions

Trempealeau Lakes Trempealeau NWR

Four Miles



Second Lake

Complaints from public- noticing changes

Not a lot of recreational, ecological value

Non-profit formed (Friends of Trempealeau Lakes) to address issues



2021 Trempealeau Lakes Study

• Six Sampling Sites

• Sampled Monthly (May-Sept)

• Parameters Sampled (n=17)
• Dissolved Oxygen
• Water Temp
• Water Depth
• Water Velocity
• Specific Conductance
• pH
• Turbidity/TSS
• Ammonia-N
• Nitrate+Nitrite-N
• Total Nitrogen
• Total Phosphorus
• Orthophosphate
• Chlorophyll a (indicator of algal 

biomass)
• Phycocyanin (meter measured)
• Rooted veg cover
• Filamentous algae cover
• Duckweed cover



First Lake 7/22/21 First Lake 8/19/21



Second Lake

Calcium carbonate

“whiting event”

May 2021

(pH values > 10)





Avg TN = 1.23 mg/L

Even years later 
appears to be a very 
sensible target 



Relationships Between FFP Biomass and 
Key Environmental Variables



First1
First2
First3
GRTWet1
SecondDown
SecondUp2

Sullivan (2008)
1.23 mg/L TN

These backwaters were 
likely N limited for many 
years but are now getting 
all the N they need to cause 
serious water quality 
problems.
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2021 Trempealeau Lakes 
Water Quality Study
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n=6; growing season
2 years (2020 & 2021) of 
differing discharge

Backwater Residence Time Project: Inlet/Outlet Design

Objectives: Develop residence time and backwater depth targets to 
alleviate habitat problems (algae blooms & FFP mats) for habitat 
restoration projects on UMR.
• Examine how nutrients change as they move though backwaters



General Themes:
• Lower N at outlet (backwaters hungry for DIN)
• Slightly higher P at outlet (backwaters source of P)
• Higher CHLa at outlet

6 backwaters sample 6x during growing season



Very stringent nutrient 
limitation standard

• Peck Lake Outlet N Limited 
100% of time.

• Wing & Probst Lake Outlet 
N Limited ~50% of time.

• Sam Gordys Slough Outlet 
N Limited ~ 35% of the 
time.

• Johnson Island BW N 
Limited 0% of time- 
flushing very fast (RT <1.3 
days)

• Second Lake N limited 0% 
of time. High GW nitrate 
loading off Tremp Sand 
Terrace.

Sites at all 6 inlets 
on all 6 sampling 
days (n=36) 
Neither N nor P 
limited.
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Peck Lake
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Algae blooms will develop proportional to the nitrogen loaded to the backwater

Nitrogen reductions are likely as important as phosphorus reductions

Chlorophyll 
a  15-55 

ug/L higher 
at outlet



Annual Phosphorus Concentration
Mississippi River 

Lock and Dam 9 (Lynxville, WI)

~1% annual decrease



Annual Nitrate Concentration
Mississippi River 

Lock and Dam 9 (Lynxville, WI)

~2% annual increase



Questions? Shawn.Giblin@wisconsin.gov

In Summary:

• Get focused on nitrogen reduction- need both nitrogen & 
phosphorus controls 

• Doesn’t mean we don’t continue to reduce phosphorus



Most to Least Connected

Most to Least Connected Most to Least Connected

Testing Thresholds
(SRS Data)

-Physical factors first

- Nutrients play a role only after 
physical factors are met. 
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