Environmental Drivers of Cyanobacterial Abundance and Cyanotoxin Production in
the Upper Mississippi River
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It’s Important to know what conditions are driving
cyanobacteria blooms and the production of cyanotoxins
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Trempedleau National Wildlife"Refuge




Discharge at LD8 (CFS)

Baseline Cyanobacteria Drivers Study

2009 and 2011
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Nearly the full range of expected
environmental conditions (water temp,
nutrients, water velocity, water depth)
within the UMR were sampled
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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)




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

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"!

* 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.
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Wismmin, USA High densities of cyanobacteria in aquatic ecosystems can Guuse impacts to ecsystemn
S Genlogical Survey. Upper Midwest

e nial Seves Coopter, Ls Comee services because they serve as a poor-quality food resource, produce toxins and can
Wammin USA indirectly cause a varety of other negative impacts to water quality. There are many
. " % hypotheses about the potentid environmental drivers of varation in cyanobacterial
f B ) Carremand
A Sampled Sites b ot G Wiscorein Dt f shundsnce and toxicity, but these hypotheses have mrely been considered in combina-

Natural Resources, Mimisiogs River Team. La " A
Crose, W 54601, USA. tion and rarely been examined in large river ecosystems. Here, we wse monthly data

————— Mavigation Sail Line

= X Emait shawn gibin@wisconsn gov from badawater habitats of the Upper Mississippi River (UMR) to evaluate associations
Rivers and Streams s IN ’/_’_—:Io.'/x.__ Funding nfarmation between e conditions and and taxicity (micra-
""" "% ? Y SE . S Grolagical Survey's Ecasystem Misian cystin and anataxin-a) that would be expected based on several hypotheses. Badawaters
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- Mississiopi Ri ch | . :,‘/ /),,,,///// ::“’_;’:“'“ DEH':“':'":;“““‘ in the Mississippi River vary in flushing rste, tempersture, turbidity, nutrient availability,
ISSISSIpPI River Lhanne | €004 CMBTS wiater depth, and vegetative cover. We find support for !

conditions in backwaters [flushing rate, temperature, turbidity, raoted vegetation cover,
and water depth) and nutrdent availability influenae cyanobacteral abundsnce and toxic-
ity. We then used structural equation modeling to incorporate severd hypotheses into a
causd modeling framework, which indicated that badwater connectivity {flushing)
strongly influences cyanobacterial abundance via the regulation of water temperature,
and that nutrent availability strongly influences the presence of migocystin concentra-
tions above our detection limit. Our data suggest that management of backwater con-
nectivity could influence cyanobacterial abundance and toxity in UMR backwaters.
Reconnecting backwaters [via alteration of levees) could serve as a local adaptation to
rminimize the effects of dimate change and excessive nutrient loading.
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1 | INTRODUCTION Cyanobacteria produce compounds that are towc to many consumers.

inchuding humans, and these compounds can reach high concentrations
Aquatic ecosystems provide 3 variety of ecosystem senvices, including  during blooms (Metcalf & Codd, 2012). Cyanobacteria are an intrinsically
these related to recreation, drinking water, fisheries, and wikdlife, to sur-  poorgquality food resource because they lack many of the fatty acids
rounding communities. These scosystem srvicss can be negitively  that appear to be essential for the growth of consumers (Brett & Miller-
impacted by the oocutence of hamful cyanobacterial blooms.  Mavama, 1957 MllerNavama et al. 2004). Dense bicoms of cyano-
Cyanchacterial bboms are harmful for a wariety of reasons.  bocteria can creste hypodc zones by Hodking light penetration to
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« 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.

8 Backwaters: Range of water residence time, N & P, temp, turbidity, water depth and rooted vegetation cover
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Lake-type-specific seasonal pattemns of nutrient limitation in
German lakes, with target nitrogen and phosphorus
concentrations for good ecological status
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ﬂ _ " T, | v L Trempealeau National Wildlife
e — 4 “ Refuge: Current Status and
Bothe I Opportunities for Restoration

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

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

e 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




P 2019 Cyanotoxin Study Data
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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).

Potential Predictors

Cyanobacterial biovolume

N-fixing biovolume

Microcystin concentration

Anatoxin A concentration

Hypothesis: N-limitation/P-excess

DIN:PO,
TN:TP
PO,
TP
DIN
TN
Hypothesis: Temperature
Water temperature (°C)
Hypothesis: Flushing
Water velocity (m s™!)
Hypothesis: Turbidity
TSS
Hypothesis: Vegetative
shading/competition for
nutrients/allelopathy
Vegetative cover (percent)
Hypothesis: Shallow depth results in
more wind resuspension, increased
N-limitation and higher water
temperature
Water depth

0.03 (-0.19, 0.24)
-0.01 (-0.20, 0.21)
-0.05 (-0.23, 0.13)
0.12 (-0.09, 0.35)
-0.03 (-0.22, 0.15)
0.17 (-0.02, 0.36)
0.12 (-0.08, 0.33)
-0.05 (-0.25, 0.14)

0.15 (-0.07, 0.37)

-0.11 (-0.34, 0.11)

-0.14 (-0.33, 0.06)

-0.09 (-0.31, 0.12)
-0.18 (-0.39, 0.03)
-0.17 (-0.35, 0.03)
0.08 (-0.18, 0.33)
-0.22 (-0.41, -0.03)
-0.001 (-0.23, 0.23)
0.40 (0.26, 0.55)
-0.18 (-0.36, -0.004)

0.06 (-0.21, 0.33)

0.08 (-0.16, 0.33)

-0.35 (-0.53, -0.17)

-0.23 (-0.42, -0.05)
-0.27 (-0.43, -0.11)
-0.10 (-0.30, 0.10)
0.25 (0.04, 0.46)
-0.36 (-0.51, -0.20)
-0.08 (-0.31, 0.15)
0.22 (0.02, 0.42)
-0.43 (-0.52, -0.34)

0.25 (0.02, 0.49)

-0.12 (-0.38, 0.13)

-0.34 (-0.53, -0.15)

-0.11 (-0.31, 0.09)
-0.21 (-0.36, -0.07)
-0.19 (-0.37, -0.02)
0.23 (0.02, 0.45)
-0.29 (-0.44, -0.16)
0.10 (-0.11, 0.32)
0.17 (-0.02, 0.36)
-0.22 (-0.31, -0.13)

0.39 (0.24, 0.55)

-0.34 (-0.51, -0.20)

-0.26 (-0.42, -0.11)
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Environmental drivers of cyanobacterial abundance and
cyanotoxin production in backwaters of the Upper Mississippi
River
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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

Total Suspended
Solids

Water
temperature

=293 (-52.6, -6.0)

0.3 (-18.0,17.3)

Water velocity

N-fi
cyanob
biovolume

0.12 (0.001, 0.26)

Microcystin
concentration

Xing
acterial

07 1 gam=~y DIN (orlatent
7 variable)

o R?=0.02



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

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.
e 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.

Shallow depth (avg. 3-4ft ?)

. »
I i ;' o,

b Wind Fetch High Phosphorus
1 High Turbidity

Fine, flocculent sediments

Low Flushing Rate

High Water Temperature

\.

High Water Levels S b -l . LA
- 3 ! Trempealeau R. seepage?

Lost oufl;lectivily to Miss. R. (phosphorus})

3 CURRENT CONDITIONS:

Climate change . ~ * Harmful algal blooms

' = * Few aquatic plants

* Impaired bird habitat . Conceptual

* Impaired fish habitat Model from
DRIVERS — IO — -  EFFECTS —. oo il Tremp. NWR
Letter Report
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Anatoxin a (ug/L)

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

Mertes Slough 2019
Mertes Slough 2022
Mertes Slough 2023
Tremp NWR Pool A
Tremp NWR Pool B

Julian Date

Day 100 = April 10
Day 300 = October 27

300

Mertes Slough

Trempealeau National Wildlife Refuge

N &L
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Select parameter Select time period

@ 2020

Total Phosphorus b

Annual Phosphorus Concentration
Mississippi River
Lock and Dam 9 (Lynxville, WI)

~1% annual decrease

Methods Concentration Summary Flux Summary Parameter Comparison Annual Conceniration Annual Flus Season/Flow Daily Concentration

Mississippi River near Lynxville, WI
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This plot shows WRTDS-estimated annual mean concenirations of the selected parameter. Points are annual estimates (not flow normalized), line is flow-normalized estimate, and gray band (f present) is the 0% confidence interval around the

w-rrormalized estimate (LCL and



Annual Nitrate Concentration
Mississippi River
Lock and Dam 9 (Lynxville, WI)

~2% annual increase

Methods Concentration Summary Flux Summary Parameter Comparison Annual Conceniration Annual Flux Season'Flow Daily Concentraticn

Select site from map

Mississippi River near Lynxville, WI

Circle size proportional to most recent concentration within selected time period
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Groundwater Nitrate-Nitrogen Problem
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https://www3.uwsp.edu/cnr-ap/watershed/Pages/WellWaterViewer.aspx
https://www3.uwsp.edu/cnr-ap/watershed/Pages/WellWaterViewer.aspx

Trempealeau Lakes
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% Trempealeau NWR

B N Limited
[ Neither N nor P Limited
P Limited

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

Percent of Time (Step 1)



Second Lake

Complaints from public- noticing changes
Not a lot of recreational, ecological value

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



Trempealeatiligkes™ [k - ¥ 2021 Trempealeau Lakes Study
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e 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
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Second Lake
Calcium carbonate
“whiting event”
May 2021

(pH values > 10)



The use of Metaphyton to Evaluate Nutrient Impairment TN VS TP by M etaphyton Blomass

and Proposed Nutrient Criteria for Wetlands and Backwaters
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Table 6. Proposed nutrient criteria for total phosphorus and total nitrogen for Mississippl River backwaters and wetlands.

Mutrient Criterion
Total Total
Basis of Nutrient Criteria Phosphorus Nitrogen Comment
mg/L ma/L
Dissolved Oxygen
5 mg/L 0.075 0.88 DO x TP Regression for TP < 0.16 mg/L
DO =9.012- 53.34(TP) r*=0.484
3 mgL 0.113 1.37
x TN Regression for TN < 2 mg/L:
1 mg/L 0.150 1.88 DO =8:564 - 4.056(TN) *=0.250
Metaphyton Cover
= 20% 0.078 (0.089) 1.02 (1.11) Average and (median)
= 80% 0.160 (0.081) 1.18 {1.11) Average and {median)
_ Avg TN = 1.23 mg/L
Average 0.119 {(0.075) 1.10(1.11) Estimate for < 40% cover
Metaphyton Biomass
0 g/m? dw 0.089 (0.079) 1.08 (1.11) Average and (media Even years later
< 10 g/m® dw 0.082 (0.077) 1.01 (0.90) appe.ars to be a very
; sensible target
< 25 g/m* dw 0.101 (0.079) 1.08 {1.11) Average and (median). Substantial light attenuation

occurs at biomass exceeding this value.
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2021 Trempealeau Lakes
Water Quality Study
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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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2023-2024 Trempealeau Lakes Groundwater Sampling Sites

Groundwater Nitrate 2023-2024
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Backwater Residence Time Project: Inlet/Outlet Design
F LN = y -: . -. 1

_ V2], 2 The B8 Leer Semimuify
Objectives: Develop residence time and backwater depth targets to n=6; growing season
alleviate habitat problems (algae blooms & FFP mats) for habitat 2 years (2020 & 2021) of
restoration projects on UMR. differing discharge
* Examine how nutrients change as they move though backwaters

’




6 backwaters sample 6x during growing season
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Peck Lake

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



Select site from map

Circle size proportional to most recent concentration within selected time period
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Select parameter Select time period

@ 2020

Total Phosphorus b

Annual Phosphorus Concentration
Mississippi River
Lock and Dam 9 (Lynxville, WI)

~1% annual decrease

Methods Concentration Summary Flux Summary Parameter Comparison Annual Conceniration Annual Flus Season/Flow Daily Concentration

Mississippi River near Lynxville, WI
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This plot shows WRTDS-estimated annual mean concenirations of the selected parameter. Points are annual estimates (not flow normalized), line is flow-normalized estimate, and gray band (f present) is the 0% confidence interval around the

w-rrormalized estimate (LCL and



Annual Nitrate Concentration
Mississippi River
Lock and Dam 9 (Lynxville, WI)

~2% annual increase

Methods Concentration Summary Flux Summary Parameter Comparison Annual Conceniration Annual Flux Season'Flow Daily Concentraticn

Select site from map

Mississippi River near Lynxville, WI

Circle size proportional to most recent concentration within selected time period
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1961 1067 1073 E70 18E5 1007 1007 2003 2008 2015 2020 This plot shows WRTDS -estimated annual mean concanirations of the selected parameter. Points are annual estimates (not flow normalized), line is flow-normalized estimate, and gray band (if present) is the 90% confidence interval around the flow-normalized estimate (LCL and

UCL are lower and upper confidence limits).



Questions? Shawn.Giblin@wisconsin.gov




Testing Thresholds
(SRS Data)
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