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Abstract

Cyanobacterial harmful algal blooms (cyanoHABs) can form in freshwater, and their toxins are harmful to flora and fauna,
including humans. To assess the extent of cyanoHABs in urban waterways, seven creeks and Lady Bird Lake in Austin,
TX USA were sampled from July to December 2024. Water chemistry was measured, cyanoHABs identified by
microscopy, and cyanotoxins detected by LC-MS. Cyanobacteria, mostly genus Oscillatoria, was detected in all creeks
sampled, and the primary cyanotoxin detected was cylindrospermopsin with levels varying between sampling locations
and seasons. This study highlights the presence of cyanoHABSs in creeks, and the potential risk they may pose.
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C Cyanobacteria and Cyanotoxin Presence in Austin, TX, USA Waterways

Lady Bird Lake
Red Bud Isle

Shoal Mouth

Barton Creek
Presence
Boggy Creek
. Yes Cyanobacteria, Yes Cyanotoxin
Bull Creek
. Yes Cyanobacteria, No Cyanotoxin

SRR B o cyanobacteria
Shoal Creek
Waller Creek
Walnut Creek
0 2 4 6
Number of Samples
D Toxin Type S;)]::::ele Location Standa?:e;$ai;1 (ppb)
7/27/2024  Shoal Creek: Mouth 4.15+0.8
9/25/2024 Walnut Creek 6.7540.1
9/30/2024  Shoal Creek: Mouth 1.18+0.8
. ‘ 10/7/2024 Mg;l:;sarsept N 8.06+2.0
ndrospermopsin
T &ai';j; “l;::ggws 0.73£0.3
10/14/2024 Waller Creek 1.86+0.4
10/29/2025 Shoal Creek: Mouth 1.4610.3
11/13/2024 Lady Bird Lake 0.40+0.1
12/2/2024 Red Bud Isle 2.13£0.6
Microcystin-YR  7/27/2024  Shoal Creek: Mouth 0.42+0.1
Dihydroanatoxin-A  12/2/2024 Red Bud Isle 3.45+1.0

Figure 1. Presence of Harmful Cyanobacterial Blooms at Austin, TX USA Sampling Sites:

A. Extensive algal growth at Shoal Creek. This exemplifies the locations where algae samples were collected.

B. Micrograph of Oscillatoria from a cyanoHAB collected at the mouth of Shoal Creek. Micrographs were photographed

at 100X.



microPublication
BIOLOGY
2/26/2026 - Open Access

C. Cyanobacteria presence and cyanotoxin detection by sample site. Cyanobacteria were detected by microscopy and
cyanotoxins via LC-MS. Each site included in this study was sampled between two and six times. The bars represent all of
the samples with blue indicating the number of samples where no cyanobacteria or cyanotoxin was detected; light green
represents the samples that had cyanobacteria, but no cyanotoxin detected; and dark green are sites where both
cyanobacteria and cyanotoxin was detected.

D. Quantification of cyanotoxin type by sample location and date via LC-MS in ppb. All concentrations were determined
using a standard of 5 ppb.

Description

Cyanobacteria are a group of diverse aquatic photoautotrophic gram-negative bacteria that are becoming increasingly
problematic due to their eutrophic growth capabilities and their production of cyanotoxins that can be harmful to flora and
fauna (Carmichael, 1992; Ferrao-Filho et al., 2011; Gupta et al., 2013; Zepernick et al., 2023). Cyanotoxin production
negatively impacts water use for human recreation, drinking, agriculture (Tanvir et al., 2021; Mutoti et al., 2023; Rocha et
al., 2024), and negatively impacts other wildlife (Landsberg, 2002; Ash and Patterson, 2022; Dorantes-Aranda, 2023). The
recent increase in cyanoHAB:s is a global phenomenon amplified by the effects of global warming and urbanization (Paerl
and Barnard, 2020; Ranjbar et al., 2022).

The negative impacts of cyanoHABs have already been seen in Austin, Texas. In 2019, multiple dog deaths resulting from
cyanotoxin poisonings were reported (Manning et al., 2020; City of Austin. https://www.austintexas.gov/page/algae-
austins-waterways retrieved December 15, 2025). Because of this, the City of Austin (COA) has implemented increased
surveillance of cyanoHABs and initiated public outreach efforts to raise awareness about the risks of cyanotoxin-related
illness. The COA primarily monitors the Lady Bird Lake reservoir, part of the Colorado River (Perri et al., 2024; City of
Austin. https://www.austintexas.gov/page/algae-austins-waterways retrieved December 15, 2025). Full coverage of
Austin’s water bodies presents a challenge since monitoring is costly and resource-intensive (Gamez et al., 2019). In
addition to these constraints, existing research has focused on cyanoHABs in ideal growth conditions such as large and
still bodies of water (e.g. lakes and rivers) (Gugger et al., 2005; Huisman and Hulot 2005; Chen et al., 2017; Kozak et al.,
2019; Lomeo et al., 2024; Perri et al., 2024). Despite reports of cyanoHABs in mountain streams, creek ecosystems are
less frequently monitored (Huisman and Hulot, 2005; Gaysina et al., 2018; Genzoli and Kann, 2020).

Cyanobacteria were identified in all of the creeks sampled (Figure 1C). While cyanotoxins were detected in five of the
seven creeks, the mouth of Shoal Creek, and sample sites in Lady Bird Lake (Figure 1C). Algal blooms were diverse and
consisted of multiple cyanobacteria, filamentous green algae, diatoms, and other bacteria genera (Figure 2 B, C, and D).
For the cyanobacteria, morphological characteristics were used to differentiate genera. Oscillatoria was found at all sites
sampled. Anabaena was identified in only two samples.

Cyanotoxins were extracted from samples using solid-phase extraction and analyzed through triple quadrupole LC-MS.
Cylindrospermopsin was the only cyanotoxin detected in Austin creeks (Figure 1D). Dihydroanatoxin-a (dhATX) was
only present at the Red Bud Isle (lake) site (Figure 1D). Because these cyanotoxins vary in toxicity, understanding the
distribution of the different cyanotoxins across locations is important for preventing future cyanotoxin-caused illnesses.
Cylindrospermopsin is known to cause hepatic illness in mammals (Buratti et al., 2017). Cylindrospermopsin poisoning
was attributed to cattle deaths observed in Queensland, Australia in 1992 (Thomas et al., 1998). In humans this hepatic
illness is shown to be reversible with medical treatment (Buratti et al., 2017). The Environmental Protection Agency
(EPA) recommends cylindrospermopsin concentrations do not exceed 15 ppb in recreational water (Ross, 2019). dhATX is
a neurotoxin directly linked to fatal poisonings in Austin, TX dogs (Fredrickson et al., 2023). Neither the World Health
Organization (WHO) nor the EPA provide recommendations for dhATX in recreational water, however, dhATX, a
congener of anatoxin (ATX), was found to be up to four times more lethal in mice than ATX when ingested orally
(Puddick et al., 2021; Fredrickson et al., 2023).

With additional ongoing sampling, we are working on elucidating conditions that lead to the production of the different
cyanotoxins. The concentrations of detected cyanotoxins were mostly less than the 5 ppb standard (Figure 1D). Barton and
Boggy Creek did not have detectable levels of cyanotoxin, despite cyanobacteria being seen in both site’s mat samples.
CyanoHABs are present in Austin creeks and produce detectable concentrations of cylindrospermopsin cyanotoxin.

Since these creeks are commonly used for recreational activities, the presence of cyanoHABs poses a potential danger to
the public. Monitoring creeks during peak bloom seasons can help limit the danger by allowing warnings to be posted
when cyanotoxins are detected. Since cyanoHABs monitoring is resource intensive, further elucidation of the connection
between environmental factors and cyanoHABs can allow predictive modeling using a more easily quantified variable,
like water chemistry (Figure 2F), allowing municipalities to warn people when cyanoHABs are likely to be present.

Methods

Site Characterization
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Sites were chosen based on their recreational activity use and access for sampling. The sites Shoal Creek Mouth, Lady
Bird Lake, and Red Bud Isle were selected because of previous reports of dog illnesses and deaths at these locations
(Manning et al., 2020). Creek sites were chosen as locations where a clear downstream flow could be seen and the site
was clearly above the water level at the mouth. Mouth sites were determined to be at the mouth of the creek and contained
a mixture of lake and creek water.

Sample Collection and Water Chemistry Measurements

Sites were sampled for algal and possible cyanoHABs between June 28, 2024, and December 2, 2024 (Figure 2E). Sites
are Austin, TX, USA creeks and reservoir locations that are accessible to the public for recreational use. Upon arriving at
the site, floating and shiny algal mats were sought. Mats were collected by hand or by scraping the creek bed and placed
in 500 mL acid-washed plastic amber bottles along with creek water. Water temperature (°C), dissolved oxygen (ppm),
pH, and conductivity (uS/cm) were collected on-site using a YSI Multiparameter Probe. Water chemistry analysis was

performed within one hour using a Chemetrics V-2000 multi-analyte photometer to determine nitrate (NO3~) and

phosphate (ortho, PO43_) concentrations. Samples were stored at room temperature for one hour until imaging and
extraction were performed.

Microscopy

Kohler illumination for microscope imaging was achieved using a ZEISS Axiolab 5 Microscope with 50X or 100X
magnification.

LC-MS Analysis

The extraction and detection of cyanotoxins followed the protocol from Fredrickson et al., 2023. Samples were processed
in reduced light to minimize photolysis. Using a vacuum manifold, Waters C-18 Plus SPE cartridges were conditioned
with methanol (100% Optima MeOH) and ultra-pure water. Water samples from the bottles containing collected algae
were introduced and passed through the cartridge. Methanol was used to elute the samples, which were evaporated using
nitrogen gas and resuspended in 5% Optima MeOH, before analysis on a Shimadzu 8060 triple quadrupole LC-MS
(Figure 2 G-J). The cyanotoxins tested for are: microcystin-LR (MC-LR), anatoxin-a (ATXa), cylindrospermopsin (CYR),
saxitoxin (STX), dihydroanatoxin-a (dhATX), homoanatoxin-a (HTX), microcystin-YR (MC-YR), microcystin-RR (MC-
RR), microcystin-LA (MC-LA), and nodularin (NOD). These 10 cyanotoxin standards were added at 5 ppb, and
concentrations were calculated through a standard curve using 0 and 5 ppb by the Shimadzu Lab Solutions™ software.

Reagents

Nitrate Vacu-vials Kit (K-6913)

Reagents: Hydrochloric Acid (S-6901) and Zinc foil packet
Phosphate Vacu-vials Kit (K-8513)

Reagents: Glycerol and Stannous Chloride Dihydrate (S-8500)

Acknowledgements: We thank Dr. Schonna Manning for her help with developing this project, for guidance on the solid
phase extraction protocol, and for generously providing the cyanotoxin standards. We would also like to thank Dr. Brent
Bellinger for his help with the development of the project, Dr. Ian Riddington and Joshua Medrano helped with LC-MS
processing and data analysis, and Dr. Ruth Shear for guidance with the solid phase extraction and data analysis.
Additionally, Dr. Kasia Dinkeloo and Dr. David Nobles helped with the microscopy.

Extended Data

Description: Figure 2 A: Floating mat collected from Onion Creek. B, C, and D: Micrographs of algal blooms collected in
Austin creeks. Micrographs were photographed at 100X. These micrographs were taken from samples collected at Bull
Creek (B, C), and Red Bud Isle (D). E: Sample sites for algal mat and water collection. Map created with Google Earth
mapping software. F: Graphical summary of water quality variables. Median and interquartile range (IQR) was taken for
the environmental factors measured for each sample site during the period of July to November 2024. Variables listed are
nitrates (NO3 in ppm), phosphates (PO4 in ppm), temperature ( °C), dissolved oxygen (DO in ppm), and conductivity
(uS/cm). G: LC-MS data showing positive identification of cylindrospermopsin cyanotoxin at Onion Creek 10/11/2024.
H: The relevant signal from a multi-reference cyanobacteria standard matches well to our sample peak (G). The x-axis
shows retention time and the y-axis shows relative signal intensity. I: LC-MS data showing positive identification of
dhATX in Red Bud Isle 12/2/2024. J: The relevant signal from a multi-reference cyanobacteria standard matches well with
our sample peak (I). The x-axis shows retention time and the y-axis shows relative signal intensity.. Resource Type:
Image. File: Algae-Map-WaterChem-LCMS.jpg. DOI: 10.22002/09ea9-n1173

References


https://portal.micropublication.org/uploads/ebcf555e5d3d51a0678a6092cc5277d4.jpg
https://doi.org/10.22002/09ea9-n1173

microPublication
BIOLOGY
2/26/2026 - Open Access

Ash AK, Patterson S. 2022. Reporting of Freshwater Cyanobacterial Poisoning in Terrestrial Wildlife: A Systematic Map.
Animals 12: 2423. DOI: 10.3390/ani12182423

Buratti FM, Manganelli M, Vichi S, Stefanelli M, Scardala S, Testai E, Funari E. 2017. Cyanotoxins: producing
organisms, occurrence, toxicity, mechanism of action and human health toxicological risk evaluation. Archives of
Toxicology 91: 1049-1130. DOI: 10.1007/s00204-016-1913-6

Carmichael WW. 1992. A status report on planktonic cyanobacteria (blue-green algae) and their toxins. Environmental
Monitoring and Systems Laboratory (US EPA), Office of Research and Development, U.S. Environmental Protection
Agency. Available from: https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=91020WC1.TXT.

Chen K, Allen J, Lu J. 2017. Community Structures of Phytoplankton with Emphasis on Toxic Cyanobacteria in an Ohio
Inland Lake during Bloom Season. Journal of Water Resource and Protection 09: 1299-1318. DOI:
10.4236/jwarp.2017.911083

Dorantes-Aranda JJ. 2023. Harmful Algae Impacting Aquatic Organisms: Recent Field and Laboratory Observations.
Toxins 15: 339. DOI: 10.3390/toxins15050339

Ferrdo-Filho AdS, Kozlowsky-Suzuki B. 2011. Cyanotoxins: Bioaccumulation and Effects on Aquatic Animals. Marine
Drugs 9: 2729-2772. DOI: 10.3390/md9122729

Fredrickson A, Richter A, Perri KA, Manning SR. 2023. First Confirmed Case of Canine Mortality Due to
Dihydroanatoxin-a in Central Texas, USA. Toxins 15: 485. DOI: 10.3390/toxins15080485

Gamez TE, Benton L, Manning SR. 2019. Observations of two reservoirs during a drought in central Texas, USA:
Strategies for detecting harmful algal blooms. Ecological Indicators 104: 588-593. DOI: 10.1016/j.ecolind.2019.05.022

Gaysina LA, Saraf A, Singh P. 2019. Cyanobacteria in Diverse Habitats. Cyanobacteria : 1-28. DOI: 10.1016/B978-0-12-
814667-5.00001-5

Genzoli L, Kann J. 2020. Extent and Distribution of Anatoxin-a in the Klamath River: A Review of Toxin Monitoring and
Benthic Cyanobacteria Observations. Prepared by Aquatic Ecosystem Sciences LLC for the Klamath Tribal Water Quality
Consortium. 24 p.+Appendices. Available from: https://klamathwaterquality.com/documents/KlamathAnatoxin_2020
_04_30_small.pdf.

Gugger M, Lenoir Sv, Berger Cl, Ledreux Al, Druart JC, Humbert JFo, Guette C, Bernard Cc. 2005. First report in a river
in France of the benthic cyanobacterium Phormidium favosum producing anatoxin-a associated with dog neurotoxicosis.
Toxicon 45: 919-928. DOI: 10.1016/j.toxicon.2005.02.031

Gupta V, Ratha SK, Sood A, Chaudhary V, Prasanna R. 2013. New insights into the biodiversity and applications of
cyanobacteria (blue-green algae)—Prospects and challenges. Algal Research 2: 79-97. DOI: 10.1016/j.algal.2013.01.006

Huisman J, Hulot FD. Undefined. Population Dynamics of Harmful Cyanobacteria. Aquatic Ecology Series,Harmful
Cyanobacteria : 143-176. DOI: 10.1007/1-4020-3022-3 7

Kozak A, Celewicz-Gotdyn S, Kuczynska-Kippen N. 2019. Cyanobacteria in small water bodies: The effect of habitat and
catchment area conditions. Science of The Total Environment 646: 1578-1587. DOI: 10.1016/j.scitotenv.2018.07.330

Landsberg JH. 2002. The Effects of Harmful Algal Blooms on Aquatic Organisms. Reviews in Fisheries Science 10: 113-
390. DOI: 10.1080/20026491051695

Lomeo D, Tebbs EJ, Babayani ND, Chadwick MA, Gondwe MJ, Jungblut AD, et al., Songhurst. 2024. Remote sensing
and spatial analysis reveal unprecedented cyanobacteria bloom dynamics associated with elephant mass mortality. Science
of The Total Environment 957: 177525. DOI: 10.1016/j.scitotenv.2024.177525

Manning SR, Perri KA, Bellinger BJ. 2020. Bloom announcement: first reports of dog mortalities associated with
neurotoxic filamentous cyanobacterial mats at recreational sites in Lady Bird Lake, Austin, Texas. Data in Brief 33:
106344. DOI: doi.org/10.1016/j.dib.2020.106344

Mutoti MI, Edokpayi JN, Mutileni N, Durowoju OS, Munyai FL. 2023. Cyanotoxins in groundwater; occurrence,
potential sources, health impacts and knowledge gap for public health. Toxicon 226: 107077. DOI:
doi.org/10.1016/j.toxicon.2023.107077

Paerl HW, Barnard MA. 2020. Mitigating the global expansion of harmful cyanobacterial blooms: Moving targets in a
human- and climatically-altered world. Harmful Algae 96: 101845. DOI: 10.1016/j.hal.2020.101845

Perri KA, Bellinger BJ, Ashworth MP, Manning SR. 2024. Environmental Factors Impacting the Development of Toxic
Cyanobacterial Proliferations in a Central Texas Reservoir. Toxins 16: 91. DOI: 10.3390/toxins16020091

Puddick J, van Ginkel R, Page CD, Murray JS, Greenhough HE, Bowater J, et al., Finch. 2021. Acute toxicity of
dihydroanatoxin-a from Microcoleus autumnalis in comparison to anatoxin-a. Chemosphere 263: 127937. DOI:



https://doi.org/10.3390/ani12182423
https://doi.org/10.1007/s00204-016-1913-6
https://doi.org/10.4236/jwarp.2017.911083
https://doi.org/10.3390/toxins15050339
https://doi.org/10.3390/md9122729
https://doi.org/10.3390/toxins15080485
https://doi.org/10.1016/j.ecolind.2019.05.022
https://doi.org/10.1016/B978-0-12-814667-5.00001-5
https://doi.org/10.1016/j.toxicon.2005.02.031
https://doi.org/10.1016/j.algal.2013.01.006
https://doi.org/10.1007/1-4020-3022-3_7
https://doi.org/10.1016/j.scitotenv.2018.07.330
https://doi.org/10.1080/20026491051695
https://doi.org/10.1016/j.scitotenv.2024.177525
https://doi.org/doi.org/10.1016/j.dib.2020.106344
https://doi.org/doi.org/10.1016/j.toxicon.2023.107077
https://doi.org/10.1016/j.hal.2020.101845
https://doi.org/10.3390/toxins16020091

microPublication
BIOLOGY

2/26/2026 - Open Access
10.1016/j.chemosphere.2020.127937

Ranjbar MH, Hamilton DP, Etemad-Shahidi A, Helfer F. 2022. Impacts of atmospheric stilling and climate warming on
cyanobacterial blooms: An individual-based modelling approach. Water Research 221: 118814. DOI:
10.1016/j.watres.2022.118814

Rocha MF, Vieira Magalhdes-Ghiotto GA, Bergamasco Rn, Gomes RG. 2024. Cyanobacteria and cyanotoxins in the
environment and water intakes: Reports, diversity of congeners, detection by mass spectrometry and their impact on
health. Toxicon 238: 107589. DOI: 10.1016/j.toxicon.2023.107589

Ross DP. 2019. Recommended human health recreational ambient water quality criteria or swimming advisories for
microcystins and cylindrospermopsin. Federal Register. 84(109):26413-26414. Available from:
https://www.federalregister.gov/d/2019-11814.

Tanvir RU, Hu Z, Zhang Y, Lu J. 2021. Cyanobacterial community succession and associated cyanotoxin production in
hypereutrophic and eutrophic freshwaters. Environmental Pollution 290: 118056. DOI: 10.1016/j.envpol.2021.118056

Thomas A, Saker M, NortonJ, Olsen R. 1998. Cyanobacterium Cylindrospermopsis raciborskii as a probable cause of
death in cattle in northern Queensland. Australian Veterinary Journal 76: 592-594. DOI: 10.1111/j.1751-
0813.1998.tb10233.x

Zepernick BN, Wilhelm SW, Bullerjahn GS, Paerl HW. 2022. Climate change and the aquatic continuum: A
cyanobacterial comeback story. Environmental Microbiology Reports 15: 3-12. DOI: 10.1111/1758-2229.13122

Funding: This research is supported by The University of Texas at Austin’s Freshman Research Initiative (FRI). The
authors declare no conflicts of interest.

Conflicts of Interest: The authors declare that there are no conflicts of interest present.

Author Contributions: Hanan Brower: conceptualization, investigation, formal analysis, methodology, project
administration, validation, visualization, writing - original draft, writing - review editing. Sahar Mahmood: investigation,
methodology, project administration, formal analysis, validation, visualization, writing - review editing. Joana Ruiz-
Escobar: investigation, methodology, project administration, validation, writing - review editing. Sara Bagheri:
investigation, writing - review editing. Omar Carrasco-Rubio: investigation, writing - review editing. Luke Diggins:
investigation, writing - review editing. Anastasia Kuzmina: investigation, writing - review editing. Wesley Tran:
investigation, writing - review editing. Kevin Zhu: investigation, writing - review editing. Stuart Reichler: funding
acquisition, investigation, project administration, supervision, writing - review editing, resources, visualization.

Reviewed By: Anonymous

History: Received July 14, 2025 Revision Received February 10, 2026 Accepted February 24, 2026 Published Online
February 26, 2026 Indexed March 12, 2026

Copyright: © 2026 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Brower H, Mahmood S, Ruiz-Escobar J, Bagheri S, Carrasco-Rubio O, Diggins L, et al., Reichler S. 2026.
Cyanobacterial Bloom and Toxin Identification in Austin, TX, USA Creeks. microPublication Biology.
10.17912/micropub.biology.001750



https://doi.org/10.1016/j.chemosphere.2020.127937
https://doi.org/10.1016/j.watres.2022.118814
https://doi.org/10.1016/j.toxicon.2023.107589
https://doi.org/10.1016/j.envpol.2021.118056
https://doi.org/10.1111/j.1751-0813.1998.tb10233.x
https://doi.org/10.1111/1758-2229.13122
https://doi.org/10.17912/micropub.biology.001750

