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“to get the wa_t__eFr‘-ig
by re-establishing pre-df‘amage
conditions in freshwater wetlands
including freshwater flows
through the wetlands and natural
salinity variability in the receiving

estuaries
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In the Everglades The
primary issue is the loss
of the pre-drainage
wetlands

* The compositions of the diverse
environments present in the
Everglades are determined by the
volume and timing of the freshwater

supply
* The present-day impairment in the

Everglades is a deficiency of adequate
flow with a natural variability




The Problem for Management

* Can defensible values for historic flow be legally established?

* To date, the lead agencies for Everglades restoration have used
existing numeric hydrologic model simulations (NSM and NSRSM)
as the primary tools for setting goals

* BUT - NSM and NSRSM do not always produce documented
historic freshwater conditions at all water level monitoring
stations

* Adding to the problem — the existing salinity models rely on
these hydrologic model outputs as inputs to salinity models to
estimate the historic salinity

* Can existing information from paleoecologic studies be used to
solve this problem?



Solution: Link Paleo Data and Statistical Models
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Phase I: Estimate paleo-
based hydrologic
conditions for ~1900 CE
from plant and animal
proxies and use the
ecologic conditions
preferred by the proxies
to adjust hydrologic
models of the pre-
disturbance conditions,
in this case NSM
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Phase II: Develop Linear
Regression Models
(LRMs) from observed
water levels collected
from the existing
freshwater wetland and
salinity from the
estuaries

Marshall et al. Estuaries and Coasts (2014) v.37

Phase lll: Input the
paleo- based NSM
regime to the LRMs to
produces estimates of
past hydrologic and
salinity conditions
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Proxy = mollusks



Step 1: Collect sediment cores and
modern analog data

* 217 modern sites for modern analogs
* > 900 site visits since 1994

» ~ 205 mollusks species found alive

Location of Estuarine Sediment Cores
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Important Note: a value of "0" does not
indicate a reading of 0, but rather that no
reading was taken. Also, different
instruments have been used over time to
record these values, thus potentially
introducing some error when comparing
readings over time.
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Developing Pre-drainage Salinity

Step 2: Analyze
sediment cores

Five cores collected in
Florida Bay were
analyzed

Cores were dated
radiometrically
Occurrence of exotic
pollen marks the
beginning of drainage
alterations
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Developing Pre-drainage Salinity Estimates

Step 3: Derive Paleosalinity Estimates
Example shown: Taylor Creek Core
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Paleo-adjustment for Natural Systems
Model (NSM) Salinity

Step 4: Develop paleosalinity time series at each core location
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Salinity Results by Region:
Observed vs. Paleo-based Estimates
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Results: Observed vs. Paleo-based Flow Estimates
from Estuarine Sediment Core Analyses

Shark River Slough R
W Paleoestimate

Taylor Slough - = Observed
Bridge

0 2000 3000 4000

Flow through the Everglades needs to
be 2.1 to 3.7 times greater than
present condition

Marshall, Wingard, Pitts Estuaries & Coasts v 37 4 Estuaries & Coasts v 37



Freshwater Wetland
Paleoecologic Studies

Estimates of water depth and
hydroperlod from begmnlng of 20th

stage row a'nd hydroperlod in the
il freshwater wetlands




Predrainage Freshwater Wetland Hydrology
Estimates

To develop pre-drainage
hydrology estimates for the
Everglades freshwater
wetlands cores were
collected from 3 locations
that were near water level ok
monitoring stations. o f
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Example of Predrainage Hydrology Estimate
Development

Hydroperiod (days)/
Modern Analog Depth (cm) Cluster Analysis
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Willard, Bernhardt, et al. 2006 Eco Monographs v. 76
Bernhardt & Willard 2009 Eco Applications v. 19



Developing Predrainage Water Level Estimates

How paleo data are
used to adjust each
NSM daily water level
value to reflect ~1900 100

120 22 cm paleo-adjustment to all
water level values in NSM

Paleo-adjusted
NSM values

CE water level %0
conditions
60
i 40 NSM values
Paleo-ecologic avg water level = 67
cm 20 | | | | | | I
Median bias-adj NSM = 45 cm 1995 1996 1997 1998 1999 2000 2001

Difference = paleo adjustment = 22
cm Example: P33 core / water level monitoring station



Freshwater Wetland Results: Observed vs NSM vs Paleo-adjusted
Water Level Estimates

 Water level needs to be

18-25 cm higher on Paleo-adjusted NSM
average than observed L ENY

to restore pre-drainage Observed

levels

* NSM does not come
close to approximating
pre-drainage estimates

Marshall, Bernhardt, Wingard, in prep




Interpretation: Simulated Early 20" Century
Average Water Levels

Station P33 in 2.19
Shark River
Slough 1.96
Station CP in | .
Taylor Slough B Paleo-based estimate
B Observed
0 0.5 1 1.5 2 2.5

Stage (in m)



Results: Observed vs. Paleo-based Hydroperiod

Rockland Coastal
marl marsh marsh/marl
/ wet prairie prairie

Paleo-adjusted NSM
B NsMm (bias-adjusted)
Observed

Marshall, Bernhardt, Wingard, in prep



Results: Observed vs Paleo-based Flow Estimates

* Paleo-based flow
higher than observed
over full period of data
and 1990s

* Needed flow increase
through SRS needs to
be 2 times 1990s flow

* Needed flow increase
through TS needs to be
about 3 times 1990s
flow

Shark River Slough (SRS) flow (m3s-1)

Paleo-adjusted NSM (Full POR)

Paleo-adjusted NSM (1990-2000) X

Observed (1990-2000) [ X 2

Observed (Full POR)

0 10 20 30 40 50 60 70 80 90

Taylor Slough (TS) flow (m3s-t)

Paleo-adjusted NSM (1990-2000)

Paleo-adjusted NSM (Full POR)

Observed (1990-2000)

Observed (Full POR)



Comparison of Paleo-adjusted Results — 2 Proxies

Salinity / Mollusk Proxy Freshwater Level /
(2014) Pollen /Proxy (2019)

Shark River Slough Flow -
Paleo vs 1990s observed 2.1 times greater 2.0 times greater

Taylor Slough Flow —
Paleo vs 1990s observed 3.7 times greater 3.2 times greater

Water level at P33 -
Paleo vs observed 23.0 cm higher 25.3 cm higher



Summary: How we addressed the
management need of what it means
“to get the water right”

* Integrated paleosalinity data from Florida Bay with statistical
models to quantify the change in salinity during the 20t century
and estimated the required flow through the freshwater
wetlands to restore the salinity

* Integrated paleohydrology data from the freshwater wetlands in
ENP with statistical models to quantify the change in water levels
during the 20% century and estimated the required flows in Shark
and Taylor River Sloughs to restore the water levels

* The results of these different methods tell the same story: to “get
the water right”, flow increases of 2-3 times the current flows are
needed

B <5m elevation
I <10m elevation
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