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“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

““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
e Hatch later in season
e Darker color
e Generally more abundant
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Declines in an abundant aquatic insect, the burrowing
mayfly, across major North American waterways
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Mayflies, a keystone species, are on the
decline on the Mississippi River

Scientists are interested in predicting the mayflies' timing, but they need the public's help

By Madeline Heim, Milwaukee Journal Sentinel
Jul. 24, 2023 5:00 am, Updated: Jul, 24, 2023 8:37 am
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Mayfly numbers drop by half since
2012, threatening food chain

Mayflies, which form swarms in the billions that are visible on weather radar,
are in steep decline, mirroring the plight of insects worldwide.




* 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.



Burrowing Mayflies 2023 vs. Historical Abundance

LTRM Field Stations
o)
45% Decrease from 1993-2004 to 2023
-~
Minnesota "'Jr' Invertebrate sampling in the LTRM involves lowering
¢ s a ponar dredge to the bottom of the river and
scooping up the soft bottom (usually sand, silt, clay, 250
or a mixture). Sand, silt, and clay are then washed
o through a screen, leaving the aquatic insects, clams, R
Wisconsin 4 mussels, and snails behind on the screen. These are
‘ identified. Target organisms (mayfly larva, midge
Pool 4 oC larva, fingernail clams, zebra mussels, and Asiatic
—Pool 8 clams) are counted, and presence/absence is noted
z, on the others. N’_"‘ 200 - —
"-;X =
- e
Pool 13~
lowa 57— &
j 7 c
D 150 A
\ (\G ange Pool 22
{ LB Or
Pool 26 \' cosk =
N4 Minois €,
Missouri ' g
100 -
Open River Reg 8
©
The jaws of the ponar dredge have been opened and| E
mud grabbed from the bottom of the river is being =
rinsed into a wash screen. The mud will pass w
through the mesh of the wash screen, leaving the L 50 -
inhabitants of the river bottom behind.
0 T

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

1993-2004 2023



Annual Discharge (CFS)

Mean Annual Discharge Winona 1929-2023
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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
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Pesticide Prioritization by Potential Biological Effects in
Tributaries of the Laurentian Great Lakes
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Lethal and sublethal toxicity of neonicotinoid and butenolide
insecticides to the mayfly, Hexagenia spp.”
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Neonicotinoid insecticides are environmentally persistent and highly water-soluble, and thus are prone
to leaching into surface waters where they may negatively affect non-target aquatic insects. Most of the
research to date has focused on imidacloprid, and few data are available regarding the effects of other
neonicotinoids or their proposed replacements (butenaolide insecticides). The objective of this study was
to assess the toxicity of six neonicotinoids (imidacloprid, thiamethoxam, acetamiprid, clothianid in,
thiacloprid, and dinotefuran) and one butenolide (flupyrad ifurone) to Hexagenia spp. (mayfly larvae).
Acute (96-h), water-only tests were conducted, and survival and behaviour (number of swviving may-
flies inhabiting artificial burrows) were assessed. Acute sublethal tests were also cond ucted with imi-
dacloprid, acetamipnd, and thiacloprid, and in addition to swvival and behaviour, mobility { ability to
burow into sediment) and recovery (survival and growth following 21d in clean sediment) were
measured. Sublethal effects occurred at much lower concentrations than survival: $6-h LC50s ranged
from 780 pg/L (acetamiprid) to >10,000 pg/L (dinotefuran), whereas 96-h EC50s ranged from 4.0 ug/L
{acetamipnid) to 630ug/L (thiamethaxam) Fupyradifurone was intermediate in taxicity, with a 96-h
LCS0 of 2000 ug/L and a 96-h ECS0 of 81 pg/l. Behaviour and molility were impaired significantly and
to a similar degree in sublethal exposures to 10ug/L imidacloprid, acetamiprid, and thiacloprid, and
suvival and growth following the recovery period were significantly lower in mayflies exposed to 10 pg/
Lacetamiprid and thiacloprid, respectively. A suite of effects on mayfly swimming behaviour fability and
respiration were also observed, but not quantified, following exposures to imidaclopnid, acetamipnd, and
thiacloprid at I yug/L and higher. Imidacloprid concent rations measured in North American surface waters
have been found to meet or exceed thase causing toxicity to Hexagenla, indicating that environmental
concentrations may adversely affect Hexagenia and similarly sensitive non-target aquatic species
Crown Copyright © 2018 Published by Elsevier Ltd. Al rights reserved.

Sublethal effects (behavior and mobility changes well within

range of many North American waters)
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Morrissey et al. 2015 (Review Paper):
35 PPT - 199 PPT (Chronic)
> 200 PPT (Acute)
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Neonicotinoid Sampling Sites B Imidacioprid (ppt)
Dinotefuran (ppt)
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Sampling Design

Land Use Stratification

* Veg. Crops n=20
* Row Crops n =39

Veg. Row Crops



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

Clothianidin Concentrations Greater Than 50 PPT Imidacloprid Concentrations Greater Than 10 PPT
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Water Samples Sum Top 31 Compounds

2022 Water Sampling Sites

ST Croix River

LD3

Chippewa River

Buffaio:River
"*lpa

LD S
LD 5A

Trempealeau RiverLD 6
Black River

L7
La Crosse River

pp 37-184 2023
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Environmental Toxicology

Pesticide Prioritization by Potential Biological Effects in
Tributaries of the Laurentian Great Lakes

ant River
Platte River

LD 1
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LD10

“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)”

LD11

E Atrazine
B Metolachlor
Acetochlor
1 Sulfentrazone

I B Clothianidin |
B Mesotrione
[T Carbendazim
1 Chlorantraniliprole
B Flutriafol
B Metribuzin

Imidacloprid

Bl Tebuthiuron
B Aldicarb sulfoxide
[ Metalaxyl
Bl Vethoxyfenozide
@l Prometon
Tetraconazole
[ Thiabendazole
Bl Boscalid
@ Azoxystrobin
[ Cyromazine
[ Aldicarb sulfone
@l Propiconazole
@l Tebuconazole
B Fenuron
El Paclobutrazol
Bl Tebufenozide
B Quinoxyfen
1 Nitenpyram
Bl Triadimenol

3 of top 13 detects
are neonics




Pool 4 Sediment Sarhpling Sites

! 15 Kilometers

Soursy: Esyl, Mlepesw, Eihstar Goographles, and the GBI Uy Somemuniy

June 2022

Pool 4
Sediment Sites
n=8

Pool 8
Sediment Sites
n=7/

0+1.25 25 5 Kilometers
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Top 70 Compounds in Sediment

36-70 by Conc.

Top 35
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2023- paired water, sediment,
and mayfly tissue samples
collected

Minnesota ) JF' '

. Wisconsin
=G
Pool 4 S JUMESC
i1—Pool 8

Pool 13-
lowa ’

A\
La Grange Pool

Pool 26_\
\\,. linois
Missoun (
Open River Rn-.‘lrh—s‘

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

* |Imidacloprid detected in
mayfly tissue at 59% of
sampling sites

Multi-Class Pesticides in Mayfly Tissue
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I Clothianidin
I Imidacloprid
[ MGK 264-B
[ Nitenpyram

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

Minnesota

~
.,+.
.

Wisconsin

Pool 4;\\ n—

5{‘—9004 B

Pool 13=)
lowa ¢
/

\_ ( La Grange Pool
Pool 26_ \!

L. Minois
Missouri

by

)

Open River Reach— .

* 30 compounds detected
in mayfly tissue

e 32 compounds not
detected in any sample

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

Multi-Residue Pesticides in Mayfly Tissue
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E Atrazine

I 4.4-DDE

[ Dieldrin

1 Metribuzin

I Nonachlor, trans-
I Desethylatrazine
[ Heptachlor Epoxide
1 Chlordane, alpha (cis)
B Nonachlor, cis-
I beta-Endosulphan
I Permethrin

H alpha-Endosulphan
I Chlordane, oxy-
I Hexachlorobenzene
[ Chlordane, gamma (trans)
Il 24-DDE

I Aldrin

4,4-DDD

1 24-DDD

E Hexazinone

I Chlorpyriphos
1 Mirex

1 24-DDT

I HCH, alpha

I 44-DDT

I HCH, gamma
I Heptachlor

I Endrin

I HCH, beta

I HCH, delta




Mayfly Metabolomics
R ‘I
L;::[
R i ik By
Minnesota _ *{r'
Wisconsin (' T plank V |
Poonlb\ — ) - " o I
fFoute  “Biochemical Snapshot of T —
- 1*3*_\ . Stress” occurring at a given
b ﬁ/ e time due to a response from a : e dee
{ /N pesticide exposure. —
Pool 26 \ La Grange Pool w | ’
\:7 lllinois = | PR I SR || VUV WY VO VO 1 1) FOUUO BT R B
Missouri { . . R Sample
\ '  Paired dataset will allow g | ,
RE— comparison of stress markers s il
. os| | Speed vac
_ to water and sediment results. R I Vs et
2024- paired water, | R e e A s
sediment, mayfly
tissue and mayfl
metabolomicys y Chou et al., 2017: Thermal stress,
samples collected Pomfret et al., 2021: Exposure to naphthenic acid,
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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)
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What is Metabolomics? —y

s

Mostly

Wisconsin
\g unknown pw"S\ ‘
Genomics §l—Pool 8
40,000 genes |
B o *\
lowa Pool 13~ ....’/
\/\/\/\/\/\/\/\ Y ))/ﬂ

Transcnptomlcs \
150,000 transcripts . Pool26 \ La Grange Pool
R Illinois
Missouri {
Open River Rexa

; 7@ %, i Proteomlcs
Protein ) Vi, é@‘ 1,000,000 proteins
l 2024- paired water,
H sediment, mayfly tissue and
: : C\CH-—-C—(l}—COO Metabolomics )

Biochemicals & l 2,500 compounds mayfly metabolomics

(Metabolites)
Mostly samples collected
known

« “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.

\Q’EPA Office of Research and Development 28




I Ciothianidin (ppt) =
E |midacloprid (ppt) Clothianidin (pgﬂﬂef) Control 0.01 1
B Dinotefuran {ppt) — 0.001 G4 =0
[ Thiamethoxam (ppt)

B Acetamiprid (ppt)

November 2021 May 2022 July 2022

Sum (ng/L)
Sum (ng/L)
Sum (ng/L)

10 ng/L
reduced and delayed emergence

Cumulative emergence (deviation from controls)

10 20
Schmidt et al., 2022

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
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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

age mat on Miss. R. near Twin Cities 1930s

Water Quality Shapes
the Health of the River

Nacae / Suby-August 2018




Burrowing Mayflies 2023 vs. Historical Abundance

LTRM Field Stations

Minnesota

Invertebrate sampling in the LTRM involves lowering
a ponar dredge to the bottom of the river and
scooping up the soft bottom (usually sand, silt, clay,
or a mixture). Sand, silt, and clay are then washed
through a screen, leaving the aquatic insects, clams,
mussels, and snails behind on the screen. These are
identified. Target organisms (mayfly larva, midge
larva, fingernail clams, zebra mussels, and Asiatic
clams) are counted, and presence/absence is noted
on the others.

The jaws of the ponar dredge have been opened and|
mud grabbed from the bottom of the river is being
rinsed into a wash screen. The mud will pass
through the mesh of the wash screen, leaving the

inhabitants of the river bottom behind.

4/6 < long
term avg

Title of Project: Assessing long term changes and spatial patterns
in macroinvertebrates through standardized long-term monitoring
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Burrowing Mayflies 2023 vs. Historical Abundance

LTRM Field Stations

Minnesota

Invertebrate sampling in the LTRM involves lowering
a ponar dredge to the bottom of the river and
scooping up the soft bottom (usually sand, silt, clay,
or a mixture). Sand, silt, and clay are then washed
through a screen, leaving the aquatic insects, clams,
mussels, and snails behind on the screen. These are
identified. Target organisms (mayfly larva, midge
larva, fingernail clams, zebra mussels, and Asiatic
clams) are counted, and presence/absence is noted
on the others.

The jaws of the ponar dredge have been opened and|
mud grabbed from the bottom of the river is being
rinsed into a wash screen. The mud will pass
through the mesh of the wash screen, leaving the

inhabitants of the river bottom behind.

3/6 < long
term avg

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

« Metabolites are extracted using a bi-phasic mixture or agueous
methanol:.chloroform. Derivatized and analyzed on a GC-qToF/MS.

\Q’EPA Office of Research and Development 33




