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Widespread anatoxin detected from attached
cyanobacteria in the Klamath River and tributaries
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Benthic cyanobacteria are widespread and can
produce toxins

Research is focused o Wood et al. 2020
on planktonic B Prankonic
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Benthic cyanobacteria are widespread and can

produce toxins

Research is focused
on planktonic
cyanobacteria and
toxins

| Distribution and
drivers of benthic
, Cyanobacteria and
: toxins are poorly

! understood
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Anatoxin is a potent neurotoxin, often associated
with dog illness and death

Six dogs sickened or dead near the Tri-
Cities, all thought to have recent contact

with Columbia River
Bhng

By Anna King (NW News Network)
Sept. 17,2021 9:02 a.m.

Pets dead or sick after coming in contact with Columbia River water near the Tri-Cities,
Wash. Now health officials have confirmed the culprit, Anatoxin-a in toxic algae.



Anatoxin is a potent neurotoxin, often associated
with dog illness and death

* Degrades quickly in the environment

e Can occur in planktonic and benthic
cyanobacteria

* Benthic sources are poorly documented
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Anatoxins

Six dogs sickened or dead near the Tri-
Cities, all thought to have recent contact
with Columbia River

B8RO

By Anna King (NW News Network)
Sept. 17,2021 9:02 a.m.

New Zealand

Pets dead or sick after coming in contact with Columbia River water near the Tri-Cities, ' 7 .
Wash. Now health officials have confirmed the culprit, Anatoxin-a in toxic algae. : WO 0 d et a | 2020 !




The Klamath River has high productivity that leads to
water quality impairment
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* Well-documented planktonic blooms of Microcystis in
reservoirs that transfer to river

e Sporadic sampling for anatoxin via water grab samples
result in low percentage of detections (> 9%)

* Observations of benthic mats in 2019 lead to hypothesis
of benthic anatoxin production




What is the extent and anatoxin dynamics associate
with attached cyanobacteria in the Klamath River?

* How does anatoxin vary
among mediums, sites, and
through time?
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What is the extent and anatoxin dynamics associated
with attached cyanobacteria in the Klamath River?

* How does anatoxin vary
among mediums, sites, and
through time?

* What taxa is producing
anatoxin?

* What conditions promote
anatoxin production?




Sampled Klamath River and
tributaries 3x in summer 2021

42.00

 Composite mat samples

* Water column grabs

* Net samples for
transported CPOM

o

e Qualitative microscopy
* AnaC gene copies
* Anatoxin by ELISA

Latitude

Longitude



Benthic mat-forming cyanobacteria and associated
anatoxins were nearly ubiquitous in summer 2021

Sample Total Positive %

Type Method Samples Detections Detection
Water qPCR 31 15 48%
CPOM gPCR 27 20 74%
Mats gPCR 36 31 86%
CPOM ELISA 27 26 96%*
Mats ELISA 26 26 100%*

*These were sample run without regardless of qPCR results, but did not include July samples,
which were typically lower in toxins.|




AnaC gene copies predicted Anatoxin concentration

1064 Sample Type
® Benthic Mat

s © Transported CPOM ®
10° 1 ®
)
> 10° 1
=
=
X
9O
© 101
c
<
10° @
107" y =-14.0 + 1.14x, = 0.64

10° 10* 10° 10°
AnaC Gene (Copies/mL)

v" AnaC gene copies are
a good indicator of
anatoxins



—k

o
o
1

AnaC Gene (Copies/mL)
S

—
o
&

Anatoxins were highest in benthic mats

2"‘33}“ v" Benthic mats were the
August primary source of anatoxins:
[ September risk is highest in attached
mats
4 A v" Environmental

concentrations were lowest
in CPOM, but exposure is still
possible in transported
CPOM (i.e., “floating chunks”)
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Environmental concentrations of anatoxin were
highest in tributaries and in l[ate summer
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Tributary differences drove weak, negative correlations
between anatoxin concentration and water quality
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Tributary differences drove weak, negative correlations
between anatoxin concentration and water quality
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Dominant Genus

Microcoleus was the most common dominant taxa in
samples of benthic mats and transported CPOM
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Microcoleus-dominant samples were
associate with highest anatoxin indicators
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Microcoleus Dominance



Genetic results confirmed Microcoleus as the
anatoxin producer in the Klamath River

* Cyanobacteria-specific 16S rDNA
and anaC genes were sequenced

 Reference data bases were used
to assign taxonomic ID

* Nearly all anaC sequences were
most closely related to
Phormidiaceae (Microcoleus)




Conclusions:

* Cyanobacterial mats and anatoxins were widespread in the
Klamath River

* Anatoxin was highest in late summer, including in high water
quality tributaries

* Microcoleus was the primarily anatoxin producer




Conclusions:

* Cyanobacterial mats and anatoxins were widespread in the
Klamath River

* Anatoxin was highest in late summer, including in high water
quality tributaries

* Microcoleus was the primarily anatoxin producer

Implications for monitoring
* Include benthic taxa in monitoring in clear-waters

Focus visual surveys on Microcoleus and related taxa

Reserve sampling resources for late summer

Use qPCR methods as a more affordable toxin indicator

Drift nets are a useful monitoring method if field
identification or access is riverbeds prohibit visual surveys
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