Global Proliferation of Harmful Cyanobacterial Blooms: The
Connections to Human-Induced and Climatic Change
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Cyanobacterial Harmful Blooms (CHABs): The link to
human and climatic alteration of aquatic environments
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Why are we concerned about CHABSs?

Toxic to zooplankton, fish, shellfish, domestic animals and humans
e Cause hypoxia and anoxia, leading to fish Kills
e Odor and taste problems
o Aesthetlc problems loss of recreational and flshmg value of
= affected waters -‘ -




Who are the key Player's
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"Toxins” of Concern
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Drinking Water
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Lake Okeechobee, Florida: Nutrient enrichment,
ALABAMA{ GEORGIA water wi'rhd_r‘%l, drou_gh‘r conditions
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Microcystis Bloom on Lake Ponchartrain, LA, nutrient enrichment & hydrology
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Resurgence of Microcystis in Lake Erie (US Great Lakes) , nutrients

Photoes: J. Dyble, S. Wilhelm




Cyanobacteria blooms in Lake Winnipeg, Canada,

Nutrient Enrichment, climate change?
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Lake VinOt‘iG, E. Afr'ica, nutrient enrichment
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Lake Taihu 3 largest lake in China. Nutrients (Lotsl). Blooms have grown
to “pea soup” conditions within only a few decades
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Brazilian |GQOOHS: lots of nutrient enrichment from urban/agricultural growth
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The Baltic Sea: world's Iar'gest estuary
History of nu*l'men'r Ioadmg Cll ate chan X

* N, Fixers, Nodularia, =~~~ =, NonN Fixers, Microcystis,
Anabaena Aphanlzomenon : Oscnlatorla
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Florida...an example-of rapid
CyanoHAB &xpansions:. ..
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The not-so-magic formula impound water + nutrients =
Cyanobloom!
Example: St. Lucie, West Palm Beach Canal
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What Controls CyanoHABS? Interacting Physical, Chemical & Biotic Factors
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Nutrient Issues
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e Expansion of
NJ  Cylindrospermopsis

5 NC Raciborskir

Why?
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St. Johns R. System, FL: Nitrogen and Phosphorus
Effects CyanoHAB Growth and Bloom Potential
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Take home message: Cylindrospermopsis raciborskii is opportunistic
Dual N & P input constraints likely be needed to control it

Piehler et al, in press




Neuse River Estuary-Pamlico Sound
Excessive Niloading — eutrophication —

hypoxia — WQ/habitat decline
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Neuse R Modeling & Monitoring Programi (ModMon)
WWW.Imarine.unc.edu/neuse/modmon

| Partners: UNC, ECU, Duke, NCSU, USGS, NCDENR, EPA,

Collaborators: NOAA-NOS, NASA, NADP, \Weyerhaeuser




Neuse R. Estuary:
Lowering N:P favors
N, fixing cyanos.

The strategy:
Reduce N but keep
P inputs down too!
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Also: N sources can affect
Algal Community
Structure. In particular
ammonium plays a role

Neuse River Estuary
North Carolina

Croatan

Natronal
Faresf

Twomey et al. 2005
Paerl et al. 2007

Nutrient Addition Bioassay Experiment, T1
Neuse River, July 2003
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Looking into the “green box": Algal taxonomic group
responses to nitrate vs. ammonium as N sources using
HPLC-ChemTax Analysis

pigment
concentrations
Water | ﬂ . zeaxanthin 0.5667
Sample 2 W Sifignt [ peridinin  0.8946
= “ injected [ fucoxanthin 0.1314
4l ' Matrix
O Factorization
Phytoplankton V I- =
cells filtered onto — -
GF/F filter Eﬁﬁg‘é’&en; Separation, indentification

Sonication & quantification of
phytoplankton diagnostic
photopigments

Mixed Phytoplankton Community - Percent contribution of each
(Total Chlorophyll a) Phytoplankton Taxonomic Group
to Total Chlorophyll a




Nitrate vs Ammonium effects on algal production

Bogue Sound Bioassay August, 1996
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Hydrodynamics

Turoulence/Vertical Midrg
(Lowy iuroulence conditions favor cyanogacieria, especially N, flers)

o Water resicence tirne/flusning
(lorig resicence tirne favors cyarovacierial corninzarce)

Climatic Factors

e Temperature
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Turbulence in the Baltic Sea: Impacts on N, fixation

= 80 r=-0.452; p<0.01

Acetylene reduction
2

Upper mixed layer depth (m)
Take home message: 1) Mixing depth matters,

2) Mixing affected by climatel Moisander 1092




Water Residence Time Impacts CyanoHAB Growth and Bloom
Potential in Nutrient-enriched Waters

Setting the B.A.R.

(Biomass Accumulation Ratio)

Wet Year
(high discharge)

Dry Year
(low discharge) N-Cycles




Chesapeake Bay: Remotely sensed from
SeaWIFS Aircraft Simulator (SAS Il) during low flow ("95)
and high flow ('96) years

26—A pr— 19945 Chl [mg/m :]

spring ‘95 spring ‘96
Harding et al. 2006




Chesapeake Bay CHEMTAX —
contrasting flow years

spring '96

summer '96

Bl Diatoms

B Dinoflagellates
B Cryptophytes

B Cyanophytes

B Chlorophytes

B Prasinophytes
B Haptophytes

Adolf et al. 2007




Hydrodynamics

e \Water residence time/flushing
(long residence time favors cyanobacterial dominance)

e Turbulence
(Low turbulence conditions favor cyanobacteria, especially N, fixers)

Climatic Factors
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Climate change - the data

Temperature

A  Global Land-Ocean Temperature Anomaly (°C)
_Base Period :

1900 1920 1940 1960




Additional Evidence

2003 was the hottest summer in 500 years in Europe!
2005 was the hottest year ever in N. America

Positive proof of global warming.
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Temperature affects stratification
density profile of water =» density change per 1 °C
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Microcystis
Buoyant CyanoHAB favored
by Stronger Stratification

5x10° cells/ml

vertical water column
migration —




Temperature also affects viscosity

Stokes’ Law:

v = 4 9(ou=p)0"
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i I i
30

| i 1 i | i I i
40 50 £0 T
Temperature, °C

20



and temperature affects growth rates
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Mid August 2003: A
Lake Nieuwe Meer, Holland 55 Buoy 6
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Moclel prediction

High turbulence: sinking species win
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Testing the Model
Theory Lake data
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Global climate change and CyanoHAB potential

Carbon Dioxide Concentrations

Ice Core Data Mauna Loa
(Hawaii)
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Cyanos and extreme climatic (hydrologic) events
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Hydrodynamics

e \Water residence time/flushing
(long residence time favors cyanobacterial dominance)

e Turbulence
(Low turbulence conditions favor cyanobacteria, especially N, fixers)

Climatic Factors

e Temperature

s |rradiance
(IONHKEFACIANCE TIaVOorS MOSTE CYaNoaCIERIA)

J Selects for specific taxa




Salinity tolerance of a various diazotrophic cyanos

Take home message: Salinity |s not necessarily a barrier for all CyanoHABs

CO, fixation
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Climate change (warming) Favors CyanoHABs
-3 o ternperailres; opilnal temperaiures for CyanorlABs (>20° C)
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So What's Feasible? CHAB Control & Management
® | luprizar Inour rzdiciions
N, P, N&P, Fe?
Must establish bloom thresholds & resolve timing Issues
Dual N&P reductions are often most effective (e.g. Cylindro)

® | |uirizar parly midniotlarions
Molar N:P >15 favors non-cyanobacterial taxa
Caveats: must accompany. overall nutrient reduction;
at high N concentrations non-N, fixing cyanos (e.g. Microcystis,
Lyngbya, Oscillatoria) may still dorinate
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J Biomanipulation??
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Role of “toxing" in biotic interactions??

= Bacterial
& ... Epiphyte

.\ Metals&Other .~
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Anabaena oscillarioides

2
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Paerl 1982, Paerl & Millie 1996
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