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Spatiotemporal effects of interacting water quality constituents on m
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~We danadenied 8 emironmestal
warisbles i the Everglades over 20
yean.

* We measured those varubies in biot,
water. detrital matter, and soi.

+ Generalired Boowed Models ident
fied imper tant covariates of Hg o &
ey fon

- Solfur, phorphorss, and orgasic
carbon can interact w influcnce Hg
teomagnifiation.
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Overview, Results and the Ask:
REMAP’s Future

e Overview of REMAP and six example results
e Should REMAP Continue?
e Who will use the data?

 What are the environmental protection or restoration
decisions that REMAP data will help to inform?

e Are we scientifically sound, strategic, collaborative,
cooperative, relevant, timely, cost-effective?

* This presentation is not a commitment from USEPA



REMAP is Unique

» Can quantify conditions/health across area with a known
confidence interval

* Multi-media (water, soil, fish, plants, periphyton)

* All of freshwater Everglades (2100 mi? 3000 mi? with Big
Cypress)

* Nobody else does this

0255 10 Miles

* Design and station draw by USEPA Office of Research &

[N
Development (ORD) REMAP Stations
« Random sampling; probability-based design: polls, surveys o
e Every random point has an equal chance of being sampled o wassH 19
® MARSH 1999

® MARSH 2005
® MARSH 2014
—— Canals
—— Stormwater Treatment
= Areas
~ Seminole Tribe - Big
| Cypress Federal
Reservation
Miccosukee Tribe -

[ ] Everglades Federal
Reservation

* Can identify status, trends, associative factors for multiple
environmental stressors.

e >1000 marsh locations 1995-2014
e ~120 each time, 22 total events
e Assembled a massive amount of information
* Snapshots. Can make no statement about other years.




Everglades
REMAP Phases
1993-2014

Phase

\%

Year(s)

1993 - 1996

1999

2005

2013 - 2014

Distinguishing features

Baseline data.
Multiple stressors.
Big Cypress & canals
included.

Change detection.
Added periphyton
assessment & plant
studies. Dropped Big
Cypress & canals.

Change detection.
Added food web
studies & invasive
plant survey.

Change detection.
Dropped dry season.
Dropped aquatic
community ecology &
some plant studies.

Canal Stations

199

0

0

0

Marsh Stations

240 dry season
240 wet season

119 dry season
119 wet season

109 dry season 118

wet season 228 total

51 wet season 2013
118 wet season 2014

480 total 238 total 169 total
Funding EPA, FDEP EPA, FDEP EPA, REES;/;R' NPS, EPA, NPS
Biogeochemical Media
Surface water X X X X
Floc X X X
Porewater X X
Bottom water X
Soil X X X X
Periphyton X X X X
Mosquitofish X X X X
Macrophytic Vegetation X X
Macrophytic Plants
Qualltat'lve 'habltat X X X X
categorization
Species frequency X X
Class!fled vegetation X X X
mapping
Invasive plant survey X
Agquatic Community Ecology
Periphyton assemblage X X
Mosquitofish food habits X
Macroinvertebrate X

assemblage

Isotope studies

USEPA;
FIU- Scinto, Liu, Cai

FIU- Richards and
Gann; USEPA

FIU- Gaiser and
Trexler

FIU



2014 Sampling Partners
~70 people

e EPA Region 4 & contractors (39)

e EPA ORD (2)
e FIU (9)

e ENP NPS Science & Admin. (8)
e ENP NPS Aviation Support (3)

e DOI Aviation Safety (1)

e USFWS Loxahatchee (1)
e HMC Helicopters, Inc. (3)
e Miccosukee Tribe (1)

Everglades 2014

EPA Region 4
e Accredited field personnel, methods

e Accredited analytical labs

20 days

23 on-site field &
support personnel

16 flight days
119 stations
2141 samples




Helicopter Operations- DOI, NPS it A
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Sampling Everywhere
Soil, Water, Fish and Plants  USEPA Methods Development




Accredited Analytical Labs

~ 100,000 data results from marsh 1995-2014

~ 2,100 sample containers in 2014; 6000 data values
Extensive Data Quality Process, 100% QA/QC
Accredited labs - USEPA, FIU, FDEP, Battelle

Key analytes:

- Mercury

- Phosphorus

- Sulfur

- Nitrogen

- Carbon

- Physical
characteristics




Everglades REMAP Partners & Some Data Users

COSy,

spINe
&
ﬂokfivo,_“{g o’*&.
The National SCIENCES % USGS
Academies of ENGINEERING s
MEDICINE science for a changing world

GEER))| BSEAS” =

Greater Everglades Ecosystem Restoration
Adapting Science and Management to a Changing World

UNITED STATES
UNIVERSTTY OF LI " SUGAR CORPORATION
TETRATECH,INC.
o NRCSss:gaf'ces_ Tt ¥ FLORIDA Ty AR E "
Conservation of Agribusiness Companies
Service Sugar Cane Growers

Cooperative of Florida

@ Friends of the Everglades C::::? Smithsonian Environmental Research Center
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Everglades REMAP

Example CERP Everglades Ecosystem Restoration Performance Measures e Data relevant to 14 of 28 CERP RECOVER
(RECOVER 2007) performance measures for the Greater Everglades
Water Management Reinstate system-wide natural hydropatterns and sheet flow
Habitat Alteration Increase spatial extent of habitat and wildlife corridors . .
* South Florida Environment Reports by SFWMD

Eutrophication Water total phosphorus is not to exceed 10 micrograms per liter and and FDEP to Governor and Legislatu re (mercu ry,

should not exceed OFW concentration levels. Decrease the areal extent . .

of areas with soil phosphorus exceeding 500 milligrams per kilogram sulfu I, phOSphOFUS, soil thickn ESS)

(mg/kg) and maintain or reduce to 400 mg/kg or less. Surface water total
nitrogen should be < 1994-2004 baseline.

inati No statistically significant i in levels of in fish ti A . . ope .
bt S yer i e e » Committee on Independent Scientific Review of
Sulfate Contamination Maintain or reduce surface water sulfate to 1 milligram per liter or less Everglades ReStoratlon Progress. (CISRERP)

_ ‘ o (mercury, sulfur, phosphorus, soil thickness)
Surface Water Specific No more than 25% increase above background, maintain low
Conductance specific conductance in the Refuge
Periphyton Increase aerial coverage of habitats that reflect Natural Systems Model . .
_ - e 19 data uses (50 non-EPA reports listed, Scheidt
Soil Loss Restore natural soil formation processes and rates

et al. 2021, EPA-904-R21-002, pages 20-21)
Scheidt Kalla Surratt 2021 EPA-904-R21-002, page 10

CERP: Comprehensive Everglades Restoration Plan
RECOVER: Restoration Coordination and Verification for CERP 11



Collaboration and Scientific Credibility

e National Academies of Sciences
e Peer-reviewed EPA ORD REMAP study design 1990s
e CISRERP Everglades review panel uses the data (2008, 2010, 2012, 2014)

e EPA Everglades REMAP data used in >40 peer-reviewed publications or agency
repOFtS authored by EPA or CO”a boratorS https://www.epa.gov/everglades/environmental-monitoring-everglades

e > 50 co-authors, EPA & Florida and federal agencies and universities

e Environmental Science & Technology,; Environmental Pollution; International Journal of Plant Science; Aquatic Botany;
Journal of Freshwater Biology, Marine & Freshwater Research; Reviews in Environmental Science & Technology;
Environmental Management; Science of the Total Environment

e These project publications cited 1000s of times
 Hundreds of publications by others

e Scores of presentations at Greater Everglades Ecosystem Restoration (GEER)
Conferences

12



REMAP Timeline & Everglades Restoration Milestones

REMAP REMAP REMAP REMAP REMAP
Canal Marsh Marsh Marsh Marsh
Phase | Phase | Phase Il Phase llI Phase IV
1993-95 1995-96 1999 2005 2013, 2014
6 dF J R ~J
1990 1995 2000 2005 2015 2025
Local H i i i i
ocal fg EAA CERP
emissions BMPs in Authorized STAs 10 ppb
drop place All six EAA expanded WQBEL
100%  STes to 57,000 assessed
discharging. acres at STA
10 ppb TP discharges
criterion
established.
Hg = mercury SRR
EAA = Everglades Agricultural Area
BMPs = Best Management Practices
CERP = Comprehensive Everglades Restoration Plan Mercury Phosphorus CERP

STAs = Stormwater Treatment Areas
WQBEL= Water Quality-Based Effluent Limit

13




All Data and Reports (1990s-present) are Available to the Public
EPA R4 Everglades REMAP website

https://www.epa.gov/everglades/environmental-monitoring-everglades

Region 4 Workp X ‘?, Environmental Monitoring in the X +

epa.gov/everglades/environmental-monitoring-everglades

: Login eopf | Employee Express -... m Army Corps dail op... @ AppA_Subteam- % Audubon Florida  §/ CESI Monitoring Pr... Concur Co

F o Y United States
S’ Environmental Protection ‘ Search EPA.gov a
ws Agency

Environmental Topics v Laws & Regulations v Report a Violation v About EPA v

Florida Everglades CONTACT US

e Evrslodes Home Environmental Monitoring in the
I Environmental Monitoring Everglades

Restoring the Everglades

What EPA is Doing EPA has been conducting an assessment of the Everglades’ health over the last 20 years. The
Everglades Regional Environmental Monitoring and Assessment Program, or REMAP (also
referred to as the Everglades Ecosystem Assessment Program), measures current and changing
conditions for water quality and ecological resources. This program is the only scientific effort in

Google:
“EPA Everglades
REMAP”
Please.

the Everglades that combines:

s a probability-based sampling approach, which permits quantitative spatial statements about
ecosystem health

* an extensive 2000 square mile coverage that includes all of the Everglades

e amulti-media aspect (water, sediment, fish, algal communities, and plants such as sawgrass
and cattail).

See:

e 2005 and 2014 Data Collection for Everglades Regional Environmental Monitoring and
Assessment Program (R-EMAP) & 14




All Data are Available to the Public
http://digir.fiu.edu/gmaps/EverMap.php GIS-based data retrieval

fiu everglades remap - Yaht X = Everglades R-EMAP Data Retrie: X +
digir fiu.edu/gmaps/EverMap.php ¢ Q Search
“W"  Environmental Protection Agency
Everglades R- EMAP ~.  Florida International University
Data 2005 ~ National Park Service
Map & Data Retrieval Main  Photos & Movies  Station List
(39) =
Map  Satellite La
Legend X (o)
@ University Data Form
997 Park |
On the Data Form, & Legend
pick one of the data items d
and click on its Map button ‘E“ L Veg. Cover
to display it on the map. @ / endale Lakes South Miami
2005 is Sti” To include a data item in a report @ 6 @ @ 74
click on its Report box. Push the
i 997)
I t Submit button to run the report. el Kendall A
relevan e
Biscayne
Bay: Aquati
992)
@ @ @ 997 @ Palmetto Bay Preserve
@ @ @ @) South Miami
Heights
Site: FLEO4524-041 e e g
@ Olsen: 41 @ ;:
Everglades National Park (ENP) 3
Station: 14 i &
G (0]0) g I e: Latitude: 25.471849 snceten
Longitude: -80 836160 Redland .
“EPA Everglades REMAP i
\ [
\
g : Leisure City
Al
@ Nat|
@ Homestead
Florida City
9336,
+

FIU”

11/7/2017

Google




Vegetation maps 2014 (Richards et al. 2017) FIU

R4E13-1083 il 176 o

+ Classified, 1 km? accosuxee Reservation (I IR = s Ole
- n W B ot 178

* Ground-truthed, 62 w e e 5299 S

stations S W T hoo R 301 VAL

303 200
159" 157
255 115 467 &°

» Worldview-2 U SRV, - I Sa 114

e C,N,P standing stocks for 258
sawgrass, periphyon =

* 360-degree panorama 9 AR o | N 25 020 e
digital photos , Wk - 260131022;55? 261 1k
096/ 1405 250 423248

 F o e ‘ 264248 "3
= h J‘ﬂ c R .ty 112 X
Vegetation Type 3 ; Be 1": '} 249 116 100 268
] Grm.mrsh. B Gmmrshclag-Dns. [l shib. w a ey oz 208 iy
M GrmMrsh-Dns. [7] Grn.Mrsh.Clad-Sprs. [7] Shrb.Saki. S 4 3 040 214207203,_
B Gmmrsh_Shib. [[] Grm Mrsh-Shit. B Tree g J & 220 Ve
[ GrmMrsh.Clad. [ Grm.Mrsh. Typh ' e v B 209 024 543 210923
| ; 219 038 208
£, 026 :
036 “042 E L
e e pe ‘ . i 027, *
http://digir.fiu.edu/gmaps/EverMap.php , _ L g 030 i
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Measured water depth 1995, 2005, 2014

Wet season sampling snapshot context

WATER DEPTH
WET SEASON
SEPTEMBER 1995

WATER DEPTH
WET SEASON
SEPTEMBER 2014

WATER DEPTH
WET SEASON
NOVEMBER 2005

A= also sampled
in November 2005

17



Management Issue example #1: Mercury in preyfish

.
The Florda Depariment of Health and ehabiitative
il

Loxahatchee NWR

1995

MOSQUITOFISH MERCURY AN
WET SEASON X
SEPTEMBER 1995

MOSQUITOFISH MERCURY,
WET SEASON
SEPTEMBER 2014

WET SEASON
NOVEMBER 2005

e Can make no statement about other years

e Multivariate analyses suggest biogeochemical associative factors

1995>2005>2014. Lowest in 2014, not ok everywhere.

77 ug/kg protective level for birds

Krigs are illustrative only

No conclusions drawn only from

krigs

“Women of childbearing age,
young children:

DO NOT EAT” largemouth bass”
17 other species listed

FDOH, 2020

18



Mercury in Prey Fish — 2014 lowest

77 ug/kg trophic level 3 protection: 2014, 13 + 6% of the marsh area > 77 ug/kg; 2005: 65 + 7%. Different.

Percent of Marsh Area

100

2014 | 7

——

90

80

e N

o

70

4

X
Statistical test 95% certain. Wald F-test of CDF curves.

60

A

50

/!
]

1995

30 +

20

10 +—

=== Estimate of Marsh Area 2014

—— Lower 95% Confidence Limit 2014

——Upper 95% Confidence Limit 2014
Estimate of Marsh Area 2005
Lower 95% Confidence Limit 2005
Upper 95% Confidence Limit 2005 [~

e stimate of Marsh Area 1995

—— Lower 95% Confidence Limit 1995

——Upper 95% Confidence Limit 1995

100

200 300

400 500 600

Total Mercury in Mosquitofish (ug/kg)
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Management Issue Example #2: Soil Thickness
Is Everglades soil still being lost due to drier hydroperiods?
No system-wide change 2014 vs. 2005.

1940s No WCA levees
Sheet flow from EAA

SOIL THICKNESS
1995-2014

N

A major REMAP finding:

Soil loss 1940s vs. 1995-96.

e N WCA3A lost 39-69% of its soil from 1940s to 1990s No
longer green.

e 2-6x 108 m3loss (Scheidt et al 2000).

* Soil subsidence - soil less organic - increase in soil TP due
to decrease in soil mass and volume - vegetation change
associated with higher TP

* CERP Central Everglades Planning Project Goal: restore
Everglades sheetflow and soil, NWCA3A and NESS

Data users: CEPP. CISRERP




Management Issue Example #3: Phosphorus

* 10 ug/L water quality standard
« EAA BMPs and STAs have removed 5000 tons 1994-2015. Taxpayers ~ $2-3 billion.
» Phosphorus impacts >40,000 acres. Refuge, WCA2A, Miccosukee Reservation

— Canal Total Phosph
Surface Water Phosphorus, October 2014 anais otal Phosphorus
] Stormwater Treatment Areas (Hg/L)
2 N =261, REMAP + SFWMD [ ] Miccosukee Tribe Federal Reservation O =10
z QO >10-50
mé%' 0 5 10 20Mies =1 USEPA REMAP Study Area © 50 - 100

@ >100




Soil Phosphorus Landscape-wide
no change detected 2005 vs.2014

¢ 2014 median 390 mg/kg = 2005 median 390 mg/kg > 1995-96 median 343 (p<0.05)

¢ 400 mg/kg CERP performance target:
2014, 45 + 7% of the marsh > 400 mg/kg
2005: 49 £ 7%. No change.

100

80

70

60

50

40

30

Percent of Marsh Area

20

10

90

Statistical test 82% certain.
Wald F-test of CDF curves.

2014

2005

V7

Y/

y

7/

/4
&=

—— Lower 95% Confidence Limit 2005 ||
——Upper 95% Confidence Limit 2005 ||
=== Estimate of Marsh Area 2014 ]
—— Lower 95% Confidence Limit 2014 ||

—— Upper 95% Confidence Limit 2014 ||

Estimate of Marsh Area 2005 u

100 200 300 400

500

600

700 800 900 1000

Total Phosphorus in Soil (mg/kg)

TOTAL PHOSPHORUS
SOIL

© Cattail present




Management Issue Example #4: Water Sulfate
Surface Water Sulfate, October 2014

Sulfate is a factor ===Ganals Sulfate (Mol )
. . . N = 200: REMAP & SFWMD [ | Stormwater Treatment Areas SULFATE_Conc_GM_ppm_grn
associated with high = ‘ 0O«
|| Miccosukee Tribe Federal Reservation ® >1-10
mercury 2 =3 USEPA REMAP Study Area e
. . z O >10-35
bioaccumulation w‘%" 0 5 10 20 Miles ® >3
m | 1 1 1 | 1 ] ] |

Rainfall has < 1mg/L

Raised as a concern
with CERP efforts

Agricultural area has
highest concentrations

Driven mostly by
rainfall and
discharge from
EAA and STAs




Percent of Marsh Area

30

Sulfate lowest in 2014  wet Season 1995, 2005, 2014

CERP performance measure: < 1.0 mg/L

SULFATE : > SULFATE Y SULFATE

9 WET SEASON . WET SEASON WET SEASON
2014: 37 + 6% of Everglades area > 1.0 mg/L SEPTEMBER 1995 ¥ NOVEMBER 2005 SEPTEMBER 2014

2005: 57 + 6% of Everglades area > 1.0 mg/L 2014

0 — Lower 85% Confidence Limit 2014 ||

— Upper 95% Confidence Limit 2014
~ Estimate of Marsh Area 2005
Lower 05% Confidence Limit 2005

Upper 85% Confidence Limit 2005 —

= Estimate of Marsh Area 1805
~— Lower 85% Confidence Limit 1995 s
— Uppaer 95% Confidence Limit 1995

A= also sampled
in November 2005

] 5 10 15 20 25 30 35 40
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The Ask: REMAP’s Future

* Should REMAP Continue?
e Who will use the data?

* What are the environmental protection or restoration
decisions that REMAP data will help to inform?

e Are we scientifically sound, strategic, collaborative,
cooperative, relevant, timely, cost-effective?

25



