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Climate warming & cyanobacteria

 Nutrient availability, temperature, and lake mixing 

are important parameters controlling productivity

 Air temperature in the broader Northeast region is 

increasing faster (+0.3°F/decade) than any other 

region in the contiguous US

 A warming climate favors cyanobacteria blooms 

(competitive advantage for resources and the ability 

to outcompete other algal species)

 Eutrophication and cyanotoxin production challenges 

drinking water system functioning

(Paerl & Huisman 2008; 

Nalley et al. 2018)

Main research question: How might future changes in lake 

water temperature and thermal stratification affect the 

frequency and severity of future cyanobacteria blooms?



Study lakes

 South Central 

Connecticut Regional 

Water Authority 

 Six small drinking 

water reservoirs

 USGS (2011) 

watershed land cover

50% 

developed

20% 

developed
5-15% 

developed



Monitoring data

 1 depth profile per 

month from April-

October, 2003-2018

 Temperature (°C)

 Phycocyanin 

fluorescence (cells/mL) 

 Raw water grab samples

 5 ± 3 m depth from 

2011–2017

 Analyzed using optical 

microscopy

 Total algal cell counts 

and dominant algal 

species cell counts



Observed and projected air temperature 

data

 Observed, statistically downscaled, daily max and min air 
temperature (1979 to 2018, gridMET dataset; Abatzoglou 2013)

 Statistically downscaled to 4-km resolution

 Taken from grid cell where each reservoir is located 

 Model-based daily average air temperature (MACAv2-METDATA dataset; 
Abatzoglou & Brown 2012)

 Historical (1971-2000) and future (2041-2070) 

 RCP 8.5 scenario (business as usual/high emissions scenario)

 3 General Circulation Models (GCMs) 

 Low-high temperature sensitivity for CT [HadGEM2-CC365 (UK Met. 
Office), CCSM4 (N.S. NCAR), GFDL-ESM2M (U.S. NOAA GFDL)]

gridMET: http://www.climatologylab.org/gridmet.html MACA: http://www.climatologylab.org/maca.html



Quantifying cyanobacteria health risk 

levels

(WHO 2003)

Additional research is needed to 

understand the relationships 

between cyanobacteria biomass, 

actual cyanobacteria cell counts, and 

cyanotoxin production



Relative Thermal Resistance to Mixing 

(RTRM)

RTRM =
Density of the Upper Layer − Density of the Lower Layer

Density at 5°C − Density at 4°C



Model 

development

& 

validation



Model results



• High-risk amounts of 

cyanobacteria biomass, 

exceeding 70,000 cells mL-1, 

historically occurred in 3/6 

reservoirs and corresponded 

with specific temperature and 

stratification ranges

• Thresholds are harder to 

determine in lakes that do not 

currently experience 

cyanobacteria blooms 

• Shallower lakes with higher 

surface areas, located in 

developed areas (nutrient 

inputs), are most vulnerable 

to increasing cyanobacteria 

blooms

Results – observations



Results – observations

 Laboratory samples

 Common temperate region cyanobacteria species capable of producing 

toxins appeared as dominant species

 Chrysosporum (previously known as Aphanizomenon), 

Dolichospermum (previously known as Anabaena), Lyngbya, 

Microcystis, Oscillatoria, Phormidium, Plectonema, and Spirulina →

can produce microcystin, cylindrospermopsin, saxitoxin, and 

anatoxin 

 No cyanotoxins were measured in detectable amounts in the study 

reservoirs

Measure (means) Low Risk Moderate Risk High Risk

Across Lakes (n=438) Percentage of Samples 70.52% 24.94% 4.54%

Total Cyanobacteria (y) 10,541 ± 3350 33,647 ± 7,615 123,228 ± 34,548

Surface Water T 19.7 ± 3.7 19.3 ± 3.2 23.7 ± 3.1

Average Water T 15.5 ± 3.2 16.0 ± 3.3 18.2 ± 1.4

Bottom Water T 11.5 ± 3.6 11.7 ± 4.0 11.8 ± 3.1

Total RTRM 179 ± 77 166 ± 81 282 ± 131

Max RTRM 69 ± 37 72 ± 36 90 ± 63



Figure 4. Monthly surface water temperature (SWT), average water temperature (AWT), bottom water temperature (BWT), 

and total and maximum Relative Thermal Resistance to Mixing (RTRM) corresponding to the historical (1971–2000) and 

future (2041–2070) reference periods, averaged across the study lakes (i.e., excluding Lake Watrous). Results are driven 

with downscaled air temperature projections averaged from three general circulation models (i.e., HadGEM2‐CC365, 

CCSM4, and GFDL‐ESM 2M) under Representative Concentration Pathway 8.5.

Results – past & future projections

• Higher annual air temperatures are driving higher annual surface water temperatures and 

higher total RTRM

• Connecticut lakes are becoming warmer across the year and more stratified during the 

summer!



Future water temperature projections

 Results indicate that annual surface, average, and bottom water 

temperature will continue to increase by 0.44°C, 0.30 °C, and 0.16 °C 

per decade

 Extreme cold and moderately high surface water temperatures are 

projected to decrease while extreme hot temperatures increase

 Surface water temperature

 19 ± 6 less days with temperatures in the 20°C-25°C range

 48 ± 8 additional days over 25°C 

 51 ± 14 additional days over 27.5°C 

 Little variability across lakes

 Results are similar for average and bottom water temperature



Future stratification projections

 Significant increases in total and max RTRM are likely from July–

September

 Stratification is likely to begin 2–4 weeks earlier and last 2–4 weeks 

longer by mid‐century



Key Points

 Lake conditions are changing, and future conditions are 

likely to favor cyanobacteria over other algal species 

more often

 Warm, stratified reservoirs with a history of cyanobacteria 

blooms are most susceptible to more frequent blooms in 

the future

 Higher extreme surface water temperatures and 

stratification may promote the growth of toxic 

cyanobacteria species, especially in reservoirs where 

cyanobacteria blooms are already a concern



Questions?

Thank you
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