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OBJECTIVES OF PALEOSALINITY OBJECTIVES OF PALEOSALINITY 
PROJECTSPROJECTS

•• Use paleoecological information from Use paleoecological information from 
multiple sediment cores in Florida Baymultiple sediment cores in Florida Bay

•• Couple with statistical modelsCouple with statistical models
•• Develop independent estimates ofDevelop independent estimates of

–– prepre--drainage hydrology in the Evergladesdrainage hydrology in the Everglades
•• stagestage
•• flowflow

–– salinity in the Baysalinity in the Bay

•• 3 cores evaluated to3 cores evaluated to--datedate



MULTIPLE FUNDING PARTNERSMULTIPLE FUNDING PARTNERS

Previous Studies:Previous Studies:

•• CESI / ENPCESI / ENP
–– Whipray BasinWhipray Basin
–– Bob Allen KeyBob Allen Key

•• RECOVERRECOVER
–– Whipray BasinWhipray Basin
–– Bob Allen KeyBob Allen Key
–– Shark River (future)Shark River (future)

Current Studies:Current Studies:

•• USGSUSGS
–– Rankin LakeRankin Lake
–– Next stationNext station

•• Russell Bank?Russell Bank?
•• Pass Key?Pass Key?
•• Taylor Creek?Taylor Creek?



AVAILABLE DATAAVAILABLE DATA
•• PaleoecologyPaleoecology
•• Stage in EvergladesStage in Everglades
•• Flow in Shark River Slough and Flow in Shark River Slough and 

Taylor SloughTaylor Slough
•• Salinity in Florida BaySalinity in Florida Bay



Paleoecological Data: USGS Paleoecological Data: USGS 
Sediment CoresSediment Cores

Buoy Key

Whipray
Basin

Upcoming: one
of these
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Sediment Cores Location STUDY AREA

Paleoecological Data:Paleoecological Data:
FIU Sediment CoresFIU Sediment Cores

BOB ALLEN KEYBOB ALLEN KEY



Available Data: Stage and FlowAvailable Data: Stage and Flow

SHARK SHARK 
RIVER RIVER 
SLOUGHSLOUGH

TAYLOR TAYLOR 
SLOUGHSLOUGH
BRIDGEBRIDGE

FLORIDA BAYFLORIDA BAY

GULF OF GULF OF 
MEXICOMEXICO

TAMIAMI TRAILTAMIAMI TRAIL

CP

P33



NOTE: MLR Salinity NOTE: MLR Salinity 
models exist for all 31 models exist for all 31 
MMN stationsMMN stations

Available Available 
Data: Data: 

SalinitySalinity

•• Everglades National Everglades National 
Park Marine Park Marine 
Monitoring Network Monitoring Network 
Stations (daily)Stations (daily)

•• SERC (monthly)SERC (monthly)



PALEOSALINITY ANALYSIS PALEOSALINITY ANALYSIS 
PROCEDUREPROCEDURE

•• 3 Phases3 Phases
–– Develop paleosalinity regime and time Develop paleosalinity regime and time 

seriesseries
–– Develop regression modelsDevelop regression models
–– Link paleosalinity regime and regression Link paleosalinity regime and regression 

models to estimate premodels to estimate pre--drainage stage, drainage stage, 
flow, and salinity flow, and salinity 

•• 8 Steps8 Steps







Whipray Basin Paleoecological Whipray Basin Paleoecological 
InformationInformation

WHIPRAY BASIN WHIPRAY BASIN 
CORE, USGS CORE, USGS 
ANALYSIS, BASED ANALYSIS, BASED 
ON MOLLUSKS & ON MOLLUSKS & 
FORAMSFORAMS



Example: Whipray Basin Example: Whipray Basin 
Paleosalinity RegimePaleosalinity Regime



PALEOSALINITY COMPARISONPALEOSALINITY COMPARISON

Station
Obs

Mean paleo nsm462

WB 35.6 23.4 31.9

BA 33.7
10.3

(14.9-21.1) 30.6

BK 34.2 27.7 30.4



WHIPRAY BASIN PALEOSALINITYWHIPRAY BASIN PALEOSALINITY 
(modified NSM/MLR output) (modified NSM/MLR output) 

Simulated vs. ObservedSimulated vs. Observed
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Dependent VariableDependent Variable Independent Independent 
VariableVariable CoefficientCoefficient InterceptIntercept AdjAdj--RR22

Whipray Basin Whipray Basin 
P33P33 --7.917.91 86.3186.31 0.530.53

CPCP --6.756.75 43.8243.82 0.330.33

Bob Allen KeyBob Allen Key
P33lag53P33lag53 --7.267.26 80.7280.72 0.550.55

CP lag25CP lag25 --7.397.39 43.0643.06 0.570.57

Buoy KeyBuoy Key
P33 lag1P33 lag1 --7.557.55 81.6181.61 0.600.60

CP lag4CP lag4**** --6.996.99 41.741.7 0.560.56

LINKING REGRESSION MODELS LINKING REGRESSION MODELS –– 
PRIMARY STAGE STATIONSPRIMARY STAGE STATIONS
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LINKING REGRESSION MODELS LINKING REGRESSION MODELS –– 
FLOW and STAGEFLOW and STAGE

Dependent Dependent 
VariableVariable

Independent Independent 
VariableVariable AdjAdj--RR22

TSBTSB CPCP 0.460.46

SRSSRS P33P33 0.580.58

G3273G3273 P33P33 0.750.75

NP206NP206 P33P33 0.610.61

TSHTSH CPCP 0.710.71
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LINKING REGRESSION MODELS LINKING REGRESSION MODELS –– 
SALINITYSALINITY

Dependent Dependent 
VariableVariable

Whipray BasinWhipray Basin
AdjAdj--RR22

Bob Allen Key Bob Allen Key 
AdjAdj--RR22

Buoy KeyBuoy Key
AdjAdj--RR22

Bob AllenBob Allen 0.830.83 0.55 0.55 
Buoy KeyBuoy Key 0.730.73 0.510.51

Butternut KeyButternut Key 0.730.73 0.590.59 0.43 0.43 
Duck KeyDuck Key 0.710.71 0.700.70 0.51 0.51 

Garfield BightGarfield Bight 0.610.61 0.500.50 0.69 0.69 
Joe Bay Joe Bay 0.450.45 0.370.37 0.410.41

Johnson KeyJohnson Key 0.690.69 0.510.51 0.85 0.85 
Little Madeira BayLittle Madeira Bay 0.730.73 0.720.72 0.57 0.57 

Little RabbitLittle Rabbit 0.680.68 0.540.54 0.77 0.77 
Murray KeyMurray Key 0.750.75 0.550.55 0.81 0.81 

Peterson KeyPeterson Key 0.630.63 0.770.77 0.6 0.6 
Terrapin Bay Terrapin Bay 0.720.72 0.730.73 0.700.70



Output: Primary Output: Primary 
Stage StationsStage Stations–– 
PaleoPaleo--based vs based vs 

ObservedObserved

Stage
Station

Salinity Source Mean
(m)

paleo-obs
(m)

paleo:
observed

P33 observed 1.93
Whipray paleo 2.48 0.55 1.28

Bob Allen paleo 2.48 – 2.94 0.55 – 1.01 1.28 – 1.55
Buoy Key paleo 2.18 0.25 1.12

CP observed 0.39
Whipray paleo 0.99 0.60 2.54

Bob Allen paleo 0.89 – 1.33 0.50 – 0.94 2.28 – 3.4
Buoy Key paleo 0.61 0.22 1.73

CP

P33



Flow 
Station

Salinity Source Mean
Flow 

(m3/sec)

paleo:
observed

SRS observed 42.4
Whipray paleo 115.8 2.73

Bob Allen paleo 131 – 220.5 3.4 – 5.7
Buoy Key paleo 96.9 2.28

TSB observed 2.23
Whipray paleo 8.9 3.99

Bob Allen paleo 10.3 – 17.7 3.9 – 6.7
Buoy Key paleo 5.5 2.40

Output:Output: 
Mean Flow Mean Flow –– 

PaleoPaleo--based vs based vs 
ObservedObserved

SRS

TSB



Output: Stage Difference at Other Output: Stage Difference at Other 
Station Station –– 

From WB and BK  PaleosalinityFrom WB and BK  Paleosalinity

Station Location

WB-based 
Difference
paleo-obs 

(m)

BK-based 
Difference
paleo-obs 

(m)

G3273

Shark 
River 

Slough 0.37 0.38

NP206

Shark 
River 

Slough 0.51 0.43

TSH
Taylor 
Slough 0.44 0.30



Output: PaleoOutput: Paleo--based Salinity based Salinity 
Regime in Florida BayRegime in Florida Bay

Station Observed
Average

WB-based
Paleo

BK-based
Paleo

BA-based
Paleo

Bob Allen 33.20 21.10 28.9
Buoy Key 32.80 22.20 17.95-25.66
Butternut Key 31.30 17.70 24.10 8.82-18.22
Duck Key 29.00 16.80 26.16 8.42-17.36
Garfield Bight 28.90 10.30 20.63 2.56-14.20

Joe Bay 15.36 2.73 8.69 0.34-2.57
Johnson Key 35.30 27.00 29.99 21.5-27.75
Little Madeira Bay 23.83 8.20 15.46 1.29-8.84
Little Rabbit 34.40 27.30 30.97 23.7-28.01
Murray Key 33.00 24.80 29.28 21.40-27.23
Peterson Key 35.80 30.50 32.36 23.86-29.19
Terrapin Bay 23.60 3.50 14.15 0.51-3.69



Output: Output: 
Monthly Monthly 

Average Flow Average Flow 
ComparisonComparison
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PaleoPaleo--based Salinity Regimebased Salinity Regime

SOURCE: Bulger, Hayden, Monaco, Nelson, McCormackSOURCE: Bulger, Hayden, Monaco, Nelson, McCormack--Ray; Ray; 
Estuaries Vol. 16, No. 2, p. 311Estuaries Vol. 16, No. 2, p. 311--322 June 1993322 June 1993

EXISTEXISTWBPALEOWBPALEO BKPALEOBKPALEO



SALINITY COMPARISON SALINITY COMPARISON –– 
Observed, Paleo, NSM 462, NSM Observed, Paleo, NSM 462, NSM 

512 (New Topography)512 (New Topography)

Station Obs N
Obs

Mean paleo nsm462 nsm512 paleo/NSM N

BA 1498 33.7 10.3-21.1 30.6 25.1 13145

BK 1547 34.2 27.7 30.4 25.3 13145

WB 3983 35.6 23.4 31.9 26.2 13145

Obs>NSM 462>NSM 512>Paleo



SUMMARY SUMMARY –– FINDINGS OF FINDINGS OF 
PALEOSALINITY ANALYSIS TOPALEOSALINITY ANALYSIS TO-- 

DATEDATE

•• A methodology has been developed to link A methodology has been developed to link 
paleosalinity data to upstream hydrology in paleosalinity data to upstream hydrology in 
the Everglades using hydrologically defensible the Everglades using hydrologically defensible 
regression modelsregression models

•• Based on paleoecology, Florida Bay preBased on paleoecology, Florida Bay pre-- 
drainage salinity was oligohaline to polyhalinedrainage salinity was oligohaline to polyhaline

•• PrePre--drainage salinity regime requires about 2drainage salinity regime requires about 2-- 
2.5 times more freshwater than the current 2.5 times more freshwater than the current 
flow regime.flow regime.



SUMMARY SUMMARY –– CURRENT CONDITIONS CURRENT CONDITIONS 
COMPARED TO PALEO CONDITIONSCOMPARED TO PALEO CONDITIONS

•• Currently:Currently:
–– Taylor Slough flow deficit is >>> than the Taylor Slough flow deficit is >>> than the 

deficit in Shark River Slough during the dry deficit in Shark River Slough during the dry 
season.season.

–– Average Everglades stage is about 0.5 m Average Everglades stage is about 0.5 m 
lower.lower.

–– Florida Bay salinity is about 5 Florida Bay salinity is about 5 –– 15 psu 15 psu 
higher.higher.



Comparison of Hydrology and Comparison of Hydrology and 
Salinity Salinity ––Obs vs Regression ModelsObs vs Regression Models

• Whipray Basin/ Buoy Key Salinity: 
• Obs>NSM 462>NSM 512>Paleo

• CP/P33 Stage:
• Obs<NSM 462<NSM 512<Paleo

• SRS/TSB Flow:
• Obs<NSM 462<NSM 512<Paleo



Example Target:Example Target:
Shark River Shark River 
Slough FlowSlough Flow

Example Target:Example Target:
TaylorTaylor
SloughSlough
FlowFlow
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TargetsTargets SHARK RIVER SHARK RIVER 
SLOUGH (Tamiami SLOUGH (Tamiami 
Trail)Trail)
250 to 450 x 10250 to 450 x 1066 cu mcu m

TAYLOR TAYLOR 
SLOUGH SLOUGH 
20 to 40 x 20 to 40 x 
101066 cu mcu m



Comparison: Freshwater Diverted to Comparison: Freshwater Diverted to 
Tide vs PaleoTide vs Paleo--based Flow Estimatesbased Flow Estimates
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Salinity (ppt)

offset

Natural
trend
line

GOAL: Determine the 
offset needed for 
salinity restoration 
targets taking into 
account irreversible 
anthropogenic 
changes and SLR

Where Are We Where Are We 
Going With PaleoGoing With Paleo
And Regression And Regression 
Model Analyses?Model Analyses?



THANK 
YOU!

www.cetaceanlogic.org

http://www.cetaceanlogic.org/

	Pre-drainage Everglades Hydrology and Florida Bay Salinity Based on Paleoecology and  Statistical Models� GEER 2008 �Florida Bay and Adjacent Marine Systems Science Conference 2008
	OBJECTIVES OF PALEOSALINITY PROJECTS
	MULTIPLE FUNDING PARTNERS
	AVAILABLE DATA
	Paleoecological Data: USGS Sediment Cores
	Slide Number 6
	Available Data: Stage and Flow
	Slide Number 8
	PALEOSALINITY ANALYSIS PROCEDURE
	Slide Number 10
	Slide Number 11
	Whipray Basin Paleoecological Information
	Example: Whipray Basin Paleosalinity Regime
	PALEOSALINITY COMPARISON
	WHIPRAY BASIN PALEOSALINITY�(modified NSM/MLR output) �Simulated vs. Observed
	Slide Number 16
	LINKING REGRESSION MODELS – FLOW and STAGE
	LINKING REGRESSION MODELS – SALINITY
	Output: Primary Stage Stations– �Paleo-based vs Observed
	Output:�Mean Flow – Paleo-based vs Observed
	Output: Stage Difference at Other Station – �From WB and BK  Paleosalinity
	Output: Paleo-based Salinity Regime in Florida Bay
	Output: Monthly Average Flow Comparison
	Paleo-based Salinity Regime
	SALINITY COMPARISON – Observed, Paleo, NSM 462, NSM 512 (New Topography)
	SUMMARY – FINDINGS OF PALEOSALINITY ANALYSIS TO-DATE
	SUMMARY – CURRENT CONDITIONS COMPARED TO PALEO CONDITIONS
	Comparison of Hydrology and Salinity –Obs vs Regression Models
	Slide Number 29
	Targets
	Comparison: Freshwater Diverted to Tide vs Paleo-based Flow Estimates
	Slide Number 32
	Slide Number 33

