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Mayflies Return to the 
Mississippi River:  June 1987



Chapter 19

“Mayflies! What 
the Hell Good Are 
They?”



“Burrowing Hexagenia nymphs live in 
sediments where toxins accumulate. They 
are unable to tolerate anaerobic (no oxygen) 
conditions, and they can not swim long 
distances to escape environmental stress. 
Since they have a relatively long life cycle, 
the condition of the Hexagenia population is 
a good indicator of water quality over a 
period of time.”

Cal Fremling, Immortal River



Burrowing Mayfly Biology

• Two major Hexagenia species
• Largest mayflies in North America
• Largest hatches in North America occur on Mississippi 

River and Lake Erie
• Spend one year as nymphs in burrows on the river 

bottom 
• Adult life cycle no longer than two days
• Gravid female lays ~8000 eggs
• Adults = 104 calories each
• Annual hatches = trillions of calories

• Hexagenia limbata
• Hatch earlier in season
• Lighter, yellowish color

• Hexagenia bilineata
• Hatch later in season
• Darker color 
• Generally more abundant 



Lock & Dam 3- 
Diamond Bluff, WI



In recent years, production across both waterways has declined by over 
50%.





• Sampling changes occurred and goal of study wasn’t to quantify trends.
• Field staff report that Hexagenia spp. have become more difficult to collect in recent years.
• Another source of data to consider using “multiple lines of evidence” approach.



45% Decrease from 1993-2004 to 2023

Burrowing Mayflies 2023 vs. Historical Abundance

Title of Project: Assessing long term changes and spatial 
patterns in macroinvertebrates through standardized 
long-term monitoring

LTRM Field Stations



• Substantial increase in mean 

annual discharge at Winona 

past 90 years

• Mean annual discharge on 

the Mississippi River at 

Winona never exceeded 

45,000 CFS during any year 

from 1929-1980

• The 45,000 CFS threshold 

has been exceeded 12x since 

1980.  Seven of these years 

have been since 2011







Sublethal effects (behavior and mobility changes well within 
range of many North American waters)



Aquatic Invertebrate Neonic Concentration Benchmarks Used 
Morrissey et al. 2015 (Review Paper):
35 PPT – 199 PPT (Chronic)
> 200 PPT  (Acute)

EPA Aq. Life Benchmarks (Chronic):
Clothianidin > 50 PPT
Imidacloprid > 10 PPT

Schmidt et al. 2022 (Hazard Conc. 5% of Species)
Clothianidin > 10 PPT
Imidacloprid > 17 PPT

• PPT (parts per trillion) = ng/L 



• Neonics detected at 95% of sampling sites

• Non-detects (St. Croix River 2x; Chippewa River 1x)

• 8.3% of samples >10 ng/L clothianidin- hazard 
concentration 5% of species (Schmidt et. 2022) 



Sampling Design
Land Use Stratification 

• Urban n = 11
• Veg. Crops n = 20
• Row Crops n = 39
• Other* n = 48

*Land types other than
Urban, Veg. Row Crops

 

Mike Miller WI DNR



2022 Sampling Results 
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Wisconsin Streams & Rivers Exceeding EPA Aquatic Life Benchmarks 
(Freshwater Invert Chronic) 

Dominant Watershed Land Use

PPT = ng/L



Water Samples Sum Top 31 Compounds

June 2022; 10 LDs, 10 Tribs

“Our risk-based screening approach identified multiple pesticide 
parent compounds of concern in tributaries of the Great Lakes; these 
compounds included: eight herbicides (metolachlor, acetochlor, 
2,4-dichlorophenoxyacetic acid, diuron, atrazine, alachlor, triclopyr, 
and simazine), three fungicides (chlorothalonil, propiconazole, and 
carbendazim), and four insecticides (diazinon, fipronil, imidacloprid, 
and clothianidin)”

3 of top 13 detects 
are neonics



Pool 4 
Sediment Sites

n=8

Pool 8 
Sediment Sites

n=7

June 2022



Top 70 Compounds in Sediment



• Clothianidin detected in 
mayfly tissue @ 100% of 
sampling sites

• Imidacloprid detected in 
mayfly tissue at 59% of 
sampling sites

 

Not Detected (16 compounds)
Acetamiprid
Acetamiprid-N-Desmethyl
Thiacloprid
Thiacloprid-amide
Thiamethoxam
5-OH-Imidacloprid
Imidacloprid urea
Imidacloprid olefin
Desnitro-imidacloprid
Dinotefuran
Imidaclothiz
Flupyradifurone
Sulfoxaflor-A
Sulfoxaflor-B
MGK 264-A
Piperonyl butoxide

2023- paired water, sediment, 
and mayfly tissue samples 

collected



• 30 compounds detected 
in mayfly tissue

• 32 compounds not 
detected in any sample

• 10 compounds detected 
in 100% of tissue samples 
(e.g., atrazine)

 

2023- paired water, sediment, 
and mayfly tissue samples 

collected



Office of Research and Development

• “Biochemical Snapshot of 
Stress” occurring at a given 
time due to a response from a 
pesticide exposure.

• Paired dataset will allow 
comparison of stress markers 
to water and sediment results.

Mayfly Metabolomics
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Chou et al., 2017: Thermal stress,
Pomfret et al., 2021: Exposure to naphthenic acid,

2024- paired water, 
sediment, mayfly 
tissue and mayfly 

metabolomics 
samples collected



Questions

Special Thanks: Jeremy King (WI DNR)
Steve Delain (MN DNR)
Manisha Pant (IL NHS)
Kris Maxson (IL NHS)

All LTRM Staff



Mississippi River Long Term Sediment Trap Contaminant 

Trends: Lock and Dam 3 and 4 (1987-2023)

PCB ban 1979



Office of Research and Development

• “Snapshot” of what is occurring at a given time due to a response from a pesticide exposure, 
across dose, or any other stressor.

• Mass spectrometry allows numerous metabolites from a single source to be rapidly identified and 
quantitated.

What is Metabolomics? 
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2024- paired water, 
sediment, mayfly tissue and 

mayfly metabolomics 
samples collected



• We have observed aqueous exposures above this limit (10 
ng/L)- 8.3% of samples >10 ng/L clothianidin

• We are observing neonic accumulation in mayfly tissue

• A physiological impact, possibly to growth, fecundity, or 
emergence 

• A feedback loop of decreased emergence that decreases 
reproduction

Schmidt et al., 2022



Landmark Water Quality Success Stories
•The Clean Water Act passed in response to widespread pollution 1972- 
Objective to make surface waters “fishable and swimmable”

•Required states to establish WQ standards
•Required permits for discharges of pollutants into public waters
•Authorized funding for publicly owned WWTP’s

•WWTP’s greatly reduced organic pollution from sewage as well as point source 
loading of trace metals.

•DDT ban 1972
•PCB ban 1979
•Phase out of leaded gasoline (1973-1996)
•Lead shot ban (waterfowl hunting) 1991

•A lot of progress has been made.

•New pollutants are being discovered that may pose future risks (neonicotinoids, 
pyrethroids, pharmaceuticals, personal care products, PFAS…)

•Being proactive rather than reactive is the key in the future!

Raw sewage mat on Miss. R. near Twin Cities 1930s



Burrowing Mayflies 2023 vs. Historical Abundance

Title of Project: Assessing long term changes and spatial patterns 
in macroinvertebrates through standardized long-term monitoring

LTRM Field Stations

4/6 < long 
term avg



Burrowing Mayflies 2023 vs. Historical Abundance

LTRM Field Stations

3/6 < long 
term avg

Title of Project: Assessing long term changes and spatial patterns 
in macroinvertebrates through standardized long-term monitoring



Office of Research and Development

Mayfly Extraction Protocol
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• Metabolites are extracted using a bi-phasic mixture or aqueous 
methanol:chloroform.  Derivatized and analyzed on a GC-qToF/MS. 


