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“Every child deserves to grow up with
water that is pure to drink, lakes 

that are safe for swimming, 
rivers that are teeming with fish. 
We have to act now to combat these 
pollution challenges with new 
protections to give our children the 
gift of clean, safe water in the 21st 
century.”

-- President Clinton, 23 February 1999, Baltimore

Las Huertas Creek, NM



Cyanobacterial bloom, aka “blue-green algae” or
“harmful algal blooms” or “cyanoHAB"



Photos: Cow (cdc.gov), green fish (thepondguy.com), pelican (Papadimitriou et al. 2018), brown fish (extension.mmstate.edu)

Eutrophication is a
problem for livestock
and animals, too



USGS, 1998

Nitrate groundwater contamination risk



The cost of nutrient
pollution in waters

• Water treatment costs have increased in
1/3rd of all large cities due to watershed
degradation→ $5.4 billion per year
(McDonald et al. 2019).

• Since 1972, US has spent $5 trillion to
meet water quality standards (Keiser &
Shapiro 2019).

Photos: Ashokan Reservoir (NPR, Getty Images), Croton Reservoir (Getty Images)



Want N and P here

Don’t want N and P here



Lakes, rivers, and streams are not pipes!

Tg N yr-1

Maranger et al 2018, L&O Letters

Tg P yr-1

56% of N! 55% of P!



How are Nebraska aquatic ecosystems impacted by N & P?

How do lakes, rivers, and streams move or sequester N & P?



If we know how nutrients (N & P) are cycling,
we can better manage our aquatic resources.



How do N & P cycle in Nebraska’s small
streams?

Alexa Davis, MS ’19

Mirae Guenther



Nutrient spiraling
technique

N or P Mirae Guenther



Ensign & Doyle, 2006Stream size
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Ensign & Doyle, 2006

Nebraska

Mirae Guenther

Not a lot of nutrient uptake in
small, prairie streams! What’s
going on??
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sub-hourly
data

generation

Real-time data
transmission
to FTP server

Data pipeline

Relational
database

system (RDS)

Data portal &
web-based

data
applicationCorman and Thomas w/ NULab

Installation around
Scottsbluff/Gering/Terrytown



Site 1 – Winter’s Creek Site 2 – Gering Valley Stream

Basic Parameters Temp. (oC) Sp Cond (uS/cm) pH

Site 1 (Winter's Creek) 19.8 (1.6) 831 (11) 8.26 (0.14)

Site 2 (Gering Valley) 20.2 (3.2) 906 (280) 8.08 (0.14)

Dissolved Nutrients NH4
+ -N (ug/L) PO4

3--P (mg/L) NO3
-N (mg/L)

Site 1 (Winter's Creek) 6.5 (3.1) 0.11 (0.06) 4.2 (1.1)

Site 2 (Gering Valley) 5.9 (5.5) 0.07 (0.02) 5.0 (4.2)

2021 monthly sampling
(June – October):



Water parameters monitored:

Oxygen, Temperature, Conductivity,
Nitrate, Ammonium, Phosphate

Installing sensor at Winter’s Creek, Scottsbluff:

2021



2022



Water parameters monitored:
Oxygen, Temperature, Conductivity, Nitrate, Ammonium, Phosphate

Two units successfully running most of the summer!

2023
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Zoom in of time series
to highlight daily
nitrate cycles

Nitrate-N Concentrations
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If a lake has a lot of nutrients,
does it matter if it gets more?

ca. 60% of NE
lakes are eutrophic

Data from EPA National Lakes Assessment, 2017



Smith Lake
Fresh, low nutrients

Bean Lake
Saline, medium nutrients

Border Lake
Saline, high nutrients

pH Conductivity
(uS/cm)

Chl a
(ug/l)

TP
(ug/l)

TN
(mg/l)

SO4
(mg/l)

Smith 8.68 975 4 47 1.5 102

pH Conductivity
(uS/cm)

Chl a
(ug/l)

TP
(ug/l)

TN
(mg/l)

SO4
(mg/l)

Island 9.03 1495 105 414 2.9 9

Island Lake
Fresh, high nutrients

pH Conductivity
(uS/cm)

Chl a
(ug/l)

TP
(ug/l)

TN
(mg/l)

SO4
(mg/l)

Border 9.87 10381 920 1330 5.7 927

pH Conductivity
(uS/cm)

Chl a
(ug/l)

TP
(ug/l)

TN
(mg/l)

SO4
(mg/l)

Bean 9.80 12697 44 321 6.9 750

Daniel Gschwentner, PhD Candidate

NSF OIA-2019596



Smith Island Bean Border

Daniel Gschwentner, PhD Candidate

NSF OIA-2019596



34

Border Lake
Saline, high nutrients

Bean Lake
Saline, medium
nutrients

Smith Lake
Fresh, low nutrientsIsland Lake

Fresh, high nutrients

Daniel Gschwentner, PhD Candidate

NP-colimitation

N-limitation

Serial N,P-colimitation

P-limitation

NSF OIA-2019596

+growth



Yes. This lake can get greener.

Yes. You need to manage for N
and P.



Digging a little deeper into N and P…

Orihel et al. 2012

Long-term study of lakes in Canada:

• Relative amount of N and P is related to
cyanotoxins.

Microcystis aeruginosa, Central Park Lake, KS, Source: Elizabeth Fabri Smith



Digging a little deeper into N and P…

Orihel et al. 2012

“Maximum concentrations of microcystins
occurred in hypereutrophic lakes at mass ratios of
N:P below 23.”



38% of Nebraska lakes have N:Pmass < 23

NSF OIA-2019596, Corman et al. in prep

Digging a little deeper into N and P…

Low N:P→More P than N

Are we doing enough to manage P in Nebraska?

N:P = 23



Ecological Insights:

• New methods may be needed to understand
biogeochemical processes in nutrient-rich streams.

• Primary production in eutrophic lakes has not
reached its limit.

• Opportunities for better management:
• Unlike their temperate counterparts, prairie streams are
not strongly sequestering nutrients. But, they are
processing them.

• Are we sampling our waterways at the right times?
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A clear water stream in Nebraska





Standard methods may not be detecting uptake
in high nutrient streams (Covino et al. 2018).



Kirk et al 2024, JEM



Sabo et al 2024, JGR-Biogeosciences



Kirk et al 2024, JEM


