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Cold-water bloom on November 1, 2018 on
West Campus Pond, Lawrence KS. Photo

Credit: Ted Harris, Kansas Biological Survey. h =4 *
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Great Lakes
1. Lake Superior, Wisconsin
2. Old Woman Creek, Ohio
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Northeast
3. Wells, Maine
4, Great Bay, New Hampshire
5. Waguoit Bay, Massachusetts
6. Narragansett Bay, Rhode Island
7. Connecticut

Mid-Atlantic
8. Hudson River, New York
9. Jacques Cousteau, New Jersey
10. Delaware
11. Chesapeake Bay, Maryland
12. Chesapeake Bay, Virginia

Southeast
13. North Carolina
14. North Inlet-Winyah Bay, South Carolina
15. ACE Basin, South Carolina
16, Sapelo Island, Georgia
17. Guana Tolomato Matanzas, Florida

Gulf of Mexico
18. Rookery Bay, Florida
19, Apalachicola, Florida
20. Weeks Bay, Alabama
21, Grand Bay, Mississippi
22, Mission-Aransas, Texas

West
23. Tijuana River, California
24. Elkhorn Slough, California
25. San Francisco Bay, California
26. South Slough, Oregon
27. Padilla Bay, Washington
28. Kachemak Bay, Alaska

Pacific

e ;%" 29. He'eia, Hawal'l
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Caribbean
. Puerto 30. Jobos Bay, Puerto Rico
Rico

Alaska

Hawaii
PROPOSED

Bay of Green Bay, Wisconsin
Louisiana
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The Current Paradigm

Warm Water Excessive Cyanobacterial

Temperatures Nutrients Blooms




Optimum growth temperature (°C)
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Milwaukee Sentinel Journal

A boat pushes its way through a pea soup-like toxic algae outbreak

@?'b@ Qg?-’ on Lake Erie in late summer 2011. The bloom was the largest in the
> & lake’s history and spanned nearly 2,000 square miles.
r ©
@Q 0@0 Photo Credit: Peter Essick
O

Lirling et al. (2013)



2018 Cyanobacterial Bloom in Lake
Superior near the Apostle Islands,
Photo Credit: Brenda Lafrancois,
National Park Service




Cross Res.,KS - Jan
Photo Credit: Ted Harris

ake Cham plain, V
Photo Credit: Mindy Morales-
Williams

Cross Res., fS
Photo Credit: Ted Harris
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» David N. Thomas
Cyanobacteria in the Baltic Sea are blooming even in winter, this picture

was take just a few days ago from Laajalahti

;@. David N. Thomas

#cyanobacteria meet #seaice to produce tremendous blue green
display

Karhusaari, Helsinki
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Lake Champlalﬁ \T - OCtober
Photo Credit: MindyVorales-
Williams ET S




LIMNOLOGY AND OCEANOGRAPHY
ASLO

LETTERS

Open Access

Current Evidence & Open Access (9 @
Blooms also like it cold

Kaitlin L. Reinl ®& Ted D. Harris, Rebecca L. North, Pablo Almela, Stella A. Berger i, Mina Bizic,

Sarah H. Burnet 4 Hans-Peter Grossart 24, Bastiaan W Ibelings, Ellinor Jakobsson, Lesley B. Knoll,
Brenda M. Lafrancois, Yvonne McElarney, Ana M. Morales-Williams 5% Ulrike Obertegger,

Igor Ogashawara, Ma Cristina Paule-Mercado B2 Benjamin L. Peierls, James A. Rusak, Siddhartha Sarkar,

Sapna Sharma, Jessica V. Trout-Haney %, Pablo Urrutia-Cordero, Jason J. Venkiteswaran, Danielle J. Wain,

Katelynn Warner, Gesa A. Weyhenmeyer, Kiyoko Yokota

First published: 17 February 2023 | https://doi-org.ezproxy.library.wisc.edu/10.1002/l0l2.10316

Freshwater Biology

OPINION = & Open Access (&) (®

Cyanobacterial blooms in oligotrophic lakes: Shifting the high-
nutrient paradigm

Kaitlin L. Reinl g Justin D. Brookes, Cayelan C. Carey, Ted D. Harris, Bas W. lbelings,

Ana M. Morales-Williams, Lisette N. De Senerpont Domis, Karen S. Atkins, Peter D. F. Isles,
Jorrit P. Mesman, Rebecca L. North, Lars G. Rudstam, Julio A. A. Stelzer, Jason J. Venkiteswaran,
Kiyoko Yokota, Qing Zhan

i GLEON

Global Lake Ecological Observatory Network




Bloom Definition

An accumulation of phytoplankton biomass in the water column
or littoral regions, which may lead to strong discoloration of the
water, the occurrence of aggregations (scums) on the surface or

edge of the lake, or chlorophyll maxima in the metalimnion
(Giling et al. 2017; Leach et al. 2018; Reinl et al. 2020, 2021).




cyanobacterial bloom that is observed when the water temperature |

is <15 °C, well below typical growth optima for cyanobacteria (>25 °C,
' Paerl and Huisman 2008; Lurling et al. 2013).

_

ADeéember Ist algae bloominthe . =
_*.chilly waters of Devils Lake, WI. Photo:.
Richard Lathrop.
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Oligotrophic Blooms

46 Blooms identified from
various outlets

~12 genera of cyanobacteria
from the orders
Chroococcales

Nostocales

Oscillatoriales
Synechococcales

Carlson’s Trophic State Indices
(TSI) for oligotrophic trophic
state classification: total
phosphorus (TP) <12 pglL-1,
chlorophyll a (chl-a) £ 2.6 pug L-1,
or Secchi depth >4 m



Temperature °C B

! 15°C

Ice Covered

0 1,3502,700
B s Kilometers

Cold-water blooms

37 cold-water cyanobacterial
blooms

Surface water conditions at
the time of observation
ranged from ice-covered to
15 °C

19 blooms occurring during
ice-covered conditions
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 Cyanos
| (confirmed)
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visible on the map

Cyanos \
(suspected) 4
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Non-cyanos

(suspected)
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Lake condition: Calm Weather: Partly Cloudy i, FAQ, NOAA, USGS

L]
Powered by Esri T STATUS H EiiENT H SURF;(?EUE“TOC\ZATHER re p 0 rtS I n N Ove m b e r
through April above the

Lake condition: Calm Weather: Partly Cloudy
Location: 38.91482, -122.60710 95\

q o : M |ﬂ
NO BLOOM OBSERVED 20 O N a t I t u e I e
Lake Anna, Virginia, Lake Anna, VA on March 29, 2023 < Click on a report to display associated photos and notes.

Lake condition: Ripples Weather: Clear

NO BLOOM OBSERVED

Lampasas River, Killeen, TX on April 2, 2023
Lake condition: Calm Weather: Clear
Location: 30.97799, -97.80379

BLOOM REPORTED |
Alexa, , CA on March 30, 2023

Location: 38.07665, -77.81944 15
(not all reports have photos)
NO BLOOM OBSERVED 10 .
Lampasas River, Killeen, TX on March 4, 2023
i g N i Avera ge air tem pera ture
Location: 30.97799, -97.80379
NO BLOOM OBSERVED 0

Lampasas River, Killeen, TX on Fsbruary 4, 2023 2021 2022 d u ri n g t h i S p e ri O d i S
sl e typically below 15 °C
B
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L U Bloomwatch: 3 reports
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Cyanobacteria
Species

Microcystis spp. N\ - =&l
Backer and McGillicuddy (2015) Gleotrichia spp.
Whitton and Mateo (2012)

Limnothrix spp.

Matula et al. (2007) Planktothrix spp.

Lin et al. (2010)

10 ym

\ il : ﬂi bl i Synechococcus spp. i
Aphanizomenon spp. Park et al. (2018) Ariztegui et al. (2012) Raphidiopsis raciborskii
Aguilera et al 2018
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Adaptations




Nutrient Uptake and Storage — (Oligo Blooms)

15

»

Phosphorus
30.974




Adaptations for cold temperatures — (Cold Blooms)

Mesophiles
Psychrotophs

Rate of Microbe Growth

Thermophiles

Hyperthermophiles

L Optimal Temperature

\

Temperature Range (Celsius)

\ Maximum Temperature

Minimum Temperature

Graph of bacterial growth rate as a function of temperature. Microbiology: Canadian Edition, 9.6

Temperature and Microbial Growth

Psychrophilic vs Psychrotolerant
Summer vs winter strains

Accumulation of
polyunsaturated fatty acids acyl
chains

Evolution of cold shock and
antifreeze proteins

Modulation of the kinetics of key
enzymes



Adaptations for low light

Mixotroph
A plankter that can
use phototrophy
and phagotrophy to

acquire nutrients,
grow, and reproduce

0OCB2021 Overview of OCB Mixotrophy & Mixotrophy working group: Nicole Millette
(Virginia Inst. Marine Science)

Phycobilisome _ Thylakoid
_ . membrane

Ribosomes

Nucleoid
(DNAring)

Cell wall
Cell membrane
Peptidoglycan layer —
QOuter membrane ——

Mucoid sheath Thylakoids
Capsule
Slime coat RUBisCO
Carboxysome

[llustration of Cyanobacterium Cell Structure by Kelven Song
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Buoyancy Regulation
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Other factors contributing to
oligotrophic and cold-water

cyanobacterial blooms

Lake Champlain, VT - February
Photo Credit: Mindy Morales-
Williams




Upwelling and Wind Mixing - Nutrients

surface winds

push surface water away from an area.

warmer surface water

moves offshore.

phytoplankton
zooplankton

deeper, colder, nutrient rich water

rises up from beneath the surface to replace the water that was pushed away.

NnoAAR

oceanservice.noaa.gov




Net Primary Production (NPP) is higher at low temperatures

respiration
photosynthesis R
b GPP
i
NPP
0 10 20 30 40 50

temperature "C

NPP (energy stored as biomass) = GPP (energy store during photosynthesis) — R (energy used for cellular work)

Porter and Semenov 2005



/ooplankton grazing is lower at cold temperatures

\

Frau 2021

Lirling 2020



Overall infections are reduced, and mortality is limited

i) Prevalence of infection with Chy-Kol 2
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ONIVA-CYASE BNIVA-CYAZTE BNIVA-CY A0S BNIVA-CY A406 21 °C, especially at high light. Wierenga et al (2022)

Effect of temperature on growth and chytrid infectivity in Planktothrix. Rohrlack et
al (2015)
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Blind spot regarding temperature and
nutrients for bloom ecology

Many species of cyanobacteria have a wide
range of temperature optimums and
adaptations allow for phytoplankton to thrive
in low nutrient and cold-water conditions

Suboptimal temperatures # No cyano growth

Future work documenting and understanding
cold-water blooms is needed

Lake Champlain, VT -October ;

- ST

Photo

Credit: Mindy M

B "
orales-Williams
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