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Study ObjectivesStudy Objectives
Based on analyses of lake sampling data (1968Based on analyses of lake sampling data (1968--
2004):2004):
–– Evaluate suitability of lake water temperature records for Evaluate suitability of lake water temperature records for 

climate research climate research 
–– Identify influence of location, morphometric and Identify influence of location, morphometric and 

biological variables on thermal properties of FL lakesbiological variables on thermal properties of FL lakes
–– Identify interdecadal temperature trends (if any) as Identify interdecadal temperature trends (if any) as 

potential indicators for recent warming in Floridapotential indicators for recent warming in Florida
–– Identify spatial and temporal patterns of changeIdentify spatial and temporal patterns of change
–– Discuss possible impacts of climate change on Discuss possible impacts of climate change on 

lacustrine ecosystems in FL during the 21lacustrine ecosystems in FL during the 21stst CenturyCentury



Features of FloridaFeatures of Florida
Steep climate gradientSteep climate gradient
–– TemperateTemperate--tropical transition over tropical transition over 

<700km<700km
Narrow ecological life zones Narrow ecological life zones 
(<300km)(<300km)
Substantial human population Substantial human population 
pressure and land cover pressure and land cover 
modification/fragmentation modification/fragmentation 
Peninsular shapePeninsular shape
Low topographic reliefLow topographic relief
Exposure to tropical cyclonesExposure to tropical cyclones
Sensitive to droughtSensitive to drought

Henry 1998



Vegetation and Climatic ZonesVegetation and Climatic Zones

Beaver et al. 1981



Lake ZonesLake Zones

Beaver, Crisman & Bays (1981):Beaver, Crisman & Bays (1981):
–– classified FL lakes into three classified FL lakes into three 

groups based on thermal groups based on thermal 
propertiesproperties

–– based on a late 1970s dataset of based on a late 1970s dataset of 
24 lakes sampled monthly for one 24 lakes sampled monthly for one 
yearyear

–– warm temperate (>29.5warm temperate (>29.5ºº)), , 
transitional, subtropical (<28transitional, subtropical (<28ºº))

–– Partitions similar to ecological life Partitions similar to ecological life 
zoneszones



LatitudeLatitude--Temperature RelationshipsTemperature Relationships
Beaver, Crisman & Bays (1981)Beaver, Crisman & Bays (1981)



Why Lakes for Climate Study?Why Lakes for Climate Study?
–– In Florida, dayIn Florida, day--night air temperature differences night air temperature differences 

approach or exceed the annual range of daily approach or exceed the annual range of daily 
temperature means.temperature means.

–– Lakes exhibit thermal inertia due to the high specific Lakes exhibit thermal inertia due to the high specific 
heat of water (4186 J/kg/heat of water (4186 J/kg/ººC)C), naturally , naturally ““filteringfiltering”” the the 
diurnal signal and producing clearer mediumdiurnal signal and producing clearer medium--long term long term 
trends.trends.

CountyCounty Diurnal RangeDiurnal Range Annual RangeAnnual Range

AlachuaAlachua 12.612.6ººCC 13.913.9ººCC
OrangeOrange 11.511.5ººCC 11.111.1ººCC
HighlandsHighlands 15.615.6ººCC 10.510.5ººCC

LakeLake Mean Diurnal RangeMean Diurnal Range Annual RangeAnnual Range
Conway, Orange (1977Conway, Orange (1977--78)78) 1.191.19ººCC 18.4118.41ººCC



Florida Lakes ContFlorida Lakes Cont’’dd







Site SelectionSite Selection
Constrained primarily by data availabilityConstrained primarily by data availability
Lakes sampled by Canfield (1981) and those listed Lakes sampled by Canfield (1981) and those listed 
by Shafer et al. (1986) among the 100 largest by Shafer et al. (1986) among the 100 largest 
lakes in FL formed the database corelakes in FL formed the database core
Additional data were obtained directly from the Additional data were obtained directly from the 
Water Management Districts, Florida Fish and Water Management Districts, Florida Fish and 
Wildlife Commission, Archbold Biological Station, Wildlife Commission, Archbold Biological Station, 
US Forest Service, and research records from the US Forest Service, and research records from the 
Center for Wetlands.Center for Wetlands.
Modern and Legacy EPA STORET databases Modern and Legacy EPA STORET databases 
were queried for each of the above systems to were queried for each of the above systems to 
complete the record (Temperature, Chl a, Color)complete the record (Temperature, Chl a, Color)



Site Selection ContSite Selection Cont’’dd

Known reservoirs and highly astatic lakes Known reservoirs and highly astatic lakes 
were discardedwere discarded
50 systems with the longest temperature 50 systems with the longest temperature 
records were selected to form the main records were selected to form the main 
database for analyses of thermal propertiesdatabase for analyses of thermal properties
Subsets were selected for analyses for Subsets were selected for analyses for 
temporal changetemporal change





Analysis ApproachAnalysis Approach
Data AnalysisData Analysis
–– LatitudeLatitude--Temperature relationships Temperature relationships 

Mean annual temperatures & mean annual Mean annual temperatures & mean annual 
temperature rangetemperature range
Lake vs. air temperature patternsLake vs. air temperature patterns
Simple and multiple regression analysesSimple and multiple regression analyses

–– Lake temperature trendsLake temperature trends
1010--year study interval means, contrasting periods of year study interval means, contrasting periods of 
minimal (Janminimal (Jan--Feb) and maximal (JulFeb) and maximal (Jul--Aug) surface Aug) surface 
water temperatureswater temperatures
Time series slope analysisTime series slope analysis
(Thermal regime boundary shifts: hierarchical cluster (Thermal regime boundary shifts: hierarchical cluster 
analyses)analyses)

Interpretation of Results & Future OutlookInterpretation of Results & Future Outlook



LatitudeLatitude--Temperature RelationshipsTemperature Relationships

Mean Annual Air and Water Temperature by Latitude

T  = 44.799 - 0.8028 (Lat ) 
r2 = 0.69

T  = 44.688 - 0.7281 (Lat )
r2 = 0.74
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LatitudeLatitude--Temperature RelationshipsTemperature Relationships

Mean Annual Surface Water 
Temperature Range by Latitude

ΔT  = - 25.3 +1.38 (Lat ) 
r2 = 0.73
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2020thth Century WarmingCentury Warming

IPCC 2001

Earliest available data (1968)

Begin of 10-year study intervals (1975)
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Surface Water Temperature vs. Latitude Summers 1975-84
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Surface Water Temperature vs. Latitude Summers 1985-94
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Time Series Time Series -- WinterWinter
Winter Temperature Trends (Time Series)
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Time Series Time Series -- SummerSummer
Summer Temperature Trends (Time Series)
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Temperature Trends SummaryTemperature Trends Summary
Winter:Winter:
–– Analysis based on time series linear regression slopes Analysis based on time series linear regression slopes 

suggest a statistically significant (P<0.01) water suggest a statistically significant (P<0.01) water 
temperature increase of ca. 1.0temperature increase of ca. 1.0±±0.90.9°°C C based on a mean based on a mean 
sampling period of 29.15 yearssampling period of 29.15 years..

–– All lakes subjected to the analysis showed a tendency to All lakes subjected to the analysis showed a tendency to 
““meanmean--revertrevert”” during the most recent study interval. This during the most recent study interval. This 
is reflected in slower rates of warming or cooling is reflected in slower rates of warming or cooling 
compared to the previous decadecompared to the previous decade

Summer:Summer:
–– No statistically significant temperature change (P>0.7) No statistically significant temperature change (P>0.7) 

over a mean sampling period of 26.7 yearsover a mean sampling period of 26.7 years
–– Unlike winter, no consistent decadal patterns could be Unlike winter, no consistent decadal patterns could be 

identified.identified.



Ecological Implications (to date)Ecological Implications (to date)
Thermal tolerance limitsThermal tolerance limits
–– no apparent change for warm temperate speciesno apparent change for warm temperate species
–– warmer winters may have facilitated northward warmer winters may have facilitated northward 

expansion of (sub)tropical speciesexpansion of (sub)tropical species
Dynamic ecological succession processes along Dynamic ecological succession processes along 
the subtropicalthe subtropical--transitional boundary and in the transitional boundary and in the 
transitional zonetransitional zone
Novel species interactions resulting in increased Novel species interactions resulting in increased 
competition, ecosystem structure changescompetition, ecosystem structure changes
However, global warming effects on Florida However, global warming effects on Florida 
ecosystems have been subtle and are secondary ecosystems have been subtle and are secondary 
to more acute stresses (e.g. land cover to more acute stresses (e.g. land cover 
modification)modification)



Future ScenariosFuture Scenarios
IPCC WG1 FAR IPCC WG1 FAR 
projects mean global projects mean global 
temperatures will temperatures will 
increase by 1.8increase by 1.8--4.04.0ººC C 
by 2100by 2100

IPCC 2007



IPCC 2007



Regional Scale ContRegional Scale Cont’’dd

Mulholland et al. picMulholland et al. pic

Mulholland et al. 1997

2x CO2Mulholland et al. (1997) SEMulholland et al. (1997) SE--US RCM predicts:US RCM predicts:
•• 33ººC increase for 2x COC increase for 2x CO22 (ca. 2050(ca. 2050--2100)2100)
•• +25% summer precipitation+25% summer precipitation
•• +5% winter precipitation+5% winter precipitation



Future ImpactsFuture Impacts
33ººC of warming is estimated to shift isothermal C of warming is estimated to shift isothermal 
lines northward by up to 450 km in Florida vs. lines northward by up to 450 km in Florida vs. 
global mean = 300global mean = 300--400 km (Hughes 2000)400 km (Hughes 2000)
Loss of warm temperate and transitional life zones Loss of warm temperate and transitional life zones 
and lake thermal zones, possible establishment of and lake thermal zones, possible establishment of 
tropical zone in southern Floridatropical zone in southern Florida
NonNon--synchronous northward expansion of coldsynchronous northward expansion of cold--
limited subtropical/tropical specieslimited subtropical/tropical species
Loss of habitat for warm temperate speciesLoss of habitat for warm temperate species
–– Increased competition from subtropical invasive speciesIncreased competition from subtropical invasive species
–– exceeding of thermal tolerance limitsexceeding of thermal tolerance limits







Questions/CommentsQuestions/Comments



Future ImpactsFuture Impacts
Accelerating changes to ecosystem structureAccelerating changes to ecosystem structure
–– Likely dominance of generalists capable of rapid Likely dominance of generalists capable of rapid 

dispersal vs. sedentary specialists dispersal vs. sedentary specialists 
–– Induction of microevolutionary adaptations, particularly Induction of microevolutionary adaptations, particularly 

in organisms with short generation timesin organisms with short generation times
–– Alteration of ecosystem functions, including provision of Alteration of ecosystem functions, including provision of 

goods and servicesgoods and services

LakesLakes
–– Potentially increased primary productivityPotentially increased primary productivity
–– Reduced dissolved oxygen storage capacityReduced dissolved oxygen storage capacity
–– Greater POC, DOC inputs to lakesGreater POC, DOC inputs to lakes
–– Reduction in duration of winter mixis in stratified lakesReduction in duration of winter mixis in stratified lakes

increased potential for hypolimnetic oxygen stressincreased potential for hypolimnetic oxygen stress
shorter, more intense periods of nutrient cyclingshorter, more intense periods of nutrient cycling



Questions/CommentsQuestions/Comments
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