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AGENDA OVERVIEW

| Welcome, Introductions & Agenda Overview (10 MIN)

Il Benthic HABs Workgroup 2019 Member Survey Summary (30 MIN)

Il Presentation: Cryptic cyanotoxin producers in benthic mats (30 MIN)

IV Open Discussion, Benthic HABs article, Journal Publications &
Upcoming Meetings (10 MIN)

V 2020 Schedule, Wrap Up & Next Steps (10 MIN)
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Benthic HABs Workgroup
2019 Member Survey Summary



Benthic HABs Discussion Group
2019 Member Survey Results

OCT 2019 by co-facilitator Jade Young

y Corps of Engineers, Louisville District
Jade.L.Young@usace.army.mil
502-315-7439
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MISSION STATEMENT

“The mission of this international
collaborative iIs to accelerate mutual
understanding of benthic HABs in rivers and
lake systems, by sharing data and monitoring
protocols, experiences and lessons learned.”
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Guest Presentation:
Cryptic cyanotoxin producers in benthic mats



Cryptic cyanotoxin producers in benthic mats

Keith Bouma-Gregson, Ph.D.
California State Water
Resources Control Board

Laura Kelly, Ph.D.
Cawthron Institute, New Zealand

Benthic HABs Workgroup
Oct. 30, 2019
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The mighty Eel River

— Monitoring sites 2013-2015
— Collected mat samples
— Measured cyanotoxin concentrations

- Environmental parameters



Anatoxin-a present throughout watershed
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Anabaena spp. (Nostocales) Microcoleus spp. (Oscillatoriales)

Bouma-Gregson et al., 2018 PLoS ONE



Both Anabaena and Microcoleus-dominated mats
contain cyanotoxins

Cyanotoxins frequently detected in mats

Average anatoxin-a concentrations similar, but maximum
concentrations in Anabaena-dominated mats

Cyanotoxin detections Cyanotoxin concentrations
n=123 n=64 Microcoleus-dominate mat
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Microcoleus biodiversity
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« Potentially novel Microcoleus species
and strains

« Anatoxin-a biosynthesis genes
recovered only in Species 2

Anatoxin biosynthesis gene cluster
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Microcoleus anatoxin production

Isolate cultures tested for anatoxin-a,

microcystin, nodularin, and cylindrospermopsin

No detections for microcystin, saxitoxin,
cylindrospermopsin

7 isolate Microcoleus cultures with no anatoxin-a

detects

Cultures producing anatoxin-a

River # of strains
Microcoleus | Eel 2
Microcoleus | Russian 3
Microcoleus | Garcia 2

Image: R. Stancheva



What else Is producing cyanotoxins?



Other cyanotoxins in the Eel River watershed

Nodularin: frequently detected from SPATT
Cylindrospermopsin: infrequent on SPATT and in mats

Saxitoxin: infrequently detected in cyano. mats



Summer 2018 sampling \Z Catalyst Grant B SATHRON

1. Variation in anatoxin concentrations
2. Investigate cyanotoxin producers

Kelly et al., in review

Sampled:

 Microcoleus
« Anabaena
 Cladophora



Multiple anatoxin congeners detected

Both anatoxin-a and dihydro-anatoxin-a present in
Microcoleus mats

Need to understand variants to prevent
underestimates of cyanotoxin concentrations



Multiple anatoxin congeners detected

Both anatoxin-a and dihydro-anatoxin-a present in
Microcoleus mats

Need to understand variants to prevent
underestimates of cyanotoxin concentrations

Sample

Sample 1
Sample 2
Sample 3

Anatoxin-a

(ug/L)

0.66
0.38
0.47

Dihydro-
anatoxin-a
(ug/L)
331.2
363.4

483.3

Anderson et al. 2018, Env. Tox. and Chem.



Anatoxin variation driven by cyano. genotypes
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Anatoxin variation driven by cyano. genotypes

| ug toxin | |
ATX Quota = toxins _ DWW _ Ug toxin o P/ _ pg toxin
qPCR  genecoples DW gene copies cell
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Cryptic anatoxin production

Anabaena & Cladophora assemblage contained
anatoxins



Cryptic anatoxin production

B> [CCh) D D D >

Sequenced 33 anaC genes (282 bp)
All sequences were 100% identical

Also 100% identical with anaC from Microcoleus
draft genomes

Mejean et al. 2014

anaC gene sequence

TETEHRAGAAGCATTETGTTTG
TETIHRAGAAGCATTTTGTTTG
TEBTAAGAACCATTTTGTTTG
TTTAAGAACCATTTTGTTTAG
TTTAAGAACCATTTTGTTTG

"ATATGGTCGGTTAGAGCAACATACCT
Rﬁmemﬁgemmws%iATATGG.CGATTAGAGGAGCATACCT
_ ATATGGTCHBATTAGABCAACATACHET

This study 2{ATATGGTCGATTAGAGCAACATACCT
Microcoleus genomes >IATATGCGTCGATTAGAGCAACATACCT




Cryptic anatoxin production
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15 sequences 282 bp long (4 identical)
Aligned with MUSCLE to build RAXML
tree (in Geneious)

Nostocales and Oscillatoriales sequences
form separate clades (80-90% nucleotide
identity between clades)

Two isolate cultures (Russian and Garcia
rivers) no ATX detections

Two draft Anabaena genomes, no ATX
genes



Cryptic anatoxin production

Oscillatoriales inhabit
Anabaena-dominated mats



Microcoleus common, but rare, in Anabaena mats

) Microcoleus observed Microcoleus absent
31 Anabaena mat samples collected in 2014
24 (77%) 7 (23%)

Microcoleus.spp 4
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Cryptic nodularin production

Anabaena and Cladophora mats have higher MCY/NOD concentrations than Microcoleus



Cryptic nodularin production

 Nodularin ndaF gene detected in Anabaena and
Cladophora mats

e 99.7% nucleotide identity to Nodularia spumigena

Microscope images from 2013



Anabaena collections 2019

o 25 mat samples collected Iin

2019

e 7 rivers in Northern California

Analyses:

16S cyano-assemblage
composition

PCR and sequencing of
anaC gene
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« Multiple cyanotoxins produced within wadeable streams

« Cryptic diversity and strain heterogeneity within cyanobacterial species

e Toxin quota (toxins per cell) has less variation than toxins per mat mass

 Dominant biomass may not be the dominant cyanotoxin producer
 Anabaena, Cladophora, Nodularia

* Nodularia diversity and nodularin production needs more study

Management implications
 Doesn’'t matter who is producing toxins, but whether or not mat contains toxins
« Messaging, "Don’t eat algae” or “Don’t eat Microcoleus”

 More work on anatoxin toxicity and variant production
o
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Questions?

Keith Bouma-Gregson | California State Water Resources Control Board

keith.bouma-gregson@waterboards.ca.gov | 916-322-830



ITEM IV

Open Discussion, Publications &
Upcoming Meetings



BENTHIC HABS WORKGROUP - ARTICLE
A Deeper Look at HABs

https://www.nalms.org/lakeline-maqgazine/



https://www.nalms.org/lakeline-magazine/

(FAIRLY RECENT) PUBLICATIONS ON BENTHIC HABS

>

Spatial and Temporal Variation in Paralytic Shellfish Toxin Production by Benthic
Microseira (Lyngbya) wollei in a Freshwater New York Lake

https://www.mdpi.com/2072-6651/11/1/44

Spatial and Temporal Variability in the Development and Potential Toxicity of
Phormidium Biofilms in the Tarn River, France

https://www.mdpi.com/2072-6651/10/10/418/htm

Impacts of microbial assemblage and environmental conditions on the
distribution of anatoxin-a producing cyanobacteria within a river network

https://doi.org/10.1038/541396-019-0374-3



https://www.mdpi.com/2072-6651/11/1/44
https://www.mdpi.com/2072-6651/10/10/418/htm
https://doi.org/10.1038/s41396-019-0374-3

UPCOMING HAB MEETINGS

» 10™ US HAB Symposium — Nov 3-8, 2019 — Orange Beach, Alabama
» http.//ushabs.com/

» NALMS Meeting — Watershed Moments — Nov. 11-15, 2019 - Burlington,
Vermont

» https://www.nalms.org/nalms2019/

» Water Quality Technology Conference — Nov. 3-7, Dallas, Texas

» https://www.awwa.org/Events-Education/Water-QOuality-
Technology

» Any others to share?


http://ushabs.com/
https://www.nalms.org/nalms2019/
https://www.awwa.org/Events-Education/Water-Quality-Technology

ITEM V
2020 Schedule, Wrap Up & Next Steps



JANUARY 2020 JULY 2020

Tentative speaker Speakers TBD
Zach Smith - benthic HABs and a

paralytic shellfish toxin in a freshwater
New York lake

MAY 2020 OCTOBER 2020

Speakers TBD Speakers TBD



WRAP UP & NEXT STEPS

» Presentation material posted to Benthic HABs Workgroup webpage
https://www.epa.qgov/cyanohabs/epa-newsletter-and-collaboration-and-outreach-habs#benthic

» Send additional questions on presentation to:
Keith.Bouma-Gregson@waterboards.ca.gov

» If you would like to present, contact the Benthic HAB facilitators.

» If you'd like to be added to the distribution list, contact the Benthic HAB
facilitators.

» Our next Workgroup webinar is being scheduled for January 2020.

» Benthic HAB Facilitators:
Christine.Joab@waterboards.ca.gov
Mspoo-Chupka@mwdh2o.com
Jade.L.Young@usace.army.mil
Danglada.Lesley@epa.gov
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