ESTUARIES PAST, PRESENT AND FUTURE:

using elevations and historical maps to characterize estuarine habitats
across 30 National Estuarine Research Reserves



) \Why map estuaries?

How?

What did we learn?



ESTUARIES ARE TREASURES

nurseries for fish, carbon storage, shoreline protection,
recreational and cultural importance, intrinsic value



ESTUARIES MERIT CONSERVATION ACTION

but what exactly should we protect and restore?

NERR synthesis



BOUNDARIES CAN BE MURKY

full estuary extent often unclear

Brackish tidal swamp in Oregon,



SHIFTING BASELINES PROBLEMS

today’s estuary may be much smaller than yesterday’s



ESTUARY HABITAT CHANGE

the most altered ecosystems on earth



TRAJECTORIES OF CHANGE

key to understand for sea-level rise adaptation



ESTUARY MAPPING GOALS

where our estuaries are, were, and could be



ENHANCE
CONSERVATION
PLANNING

% improve protection by
generating more accurate maps

% detect currently disconnected
parts of former estuary that
could be reconnected in future



BUILD SUPPORT FOR
RESTORATION AND
ADAPTATION

% educate stakeholders about
estuary dynamics

% highlight restoration need
and opportunities



Why map estuaries?

) How?

What did we learn?
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NATIONAL MAPPING PROJECT
mapping estuaries at 30 NERRS




NERRS AS IDEAL PLATFORM

Monitoring short-term variability and long-term change



ALTERNATIVES TO AERIAL IMAGERY

Most estuary mapping uses aerial photos



APPROACHES TO COMPLEMENT NWI

National Wetland Inventory maps based primarily on
aerial imagery commonly used for US estuary extent



APPROACH

two separate, complementary analyses

ELEVATION-BASED MAPS HISTORICAL MAPS

e Large spatial extent e Small spatial extent

® Focus on estuary extent and e Focus on habitat types and
how it’s changed how they’ve changed

e Useful for mapping past and e Useful for mapping past

present estuary \ / estuary

NATIONAL WETLAND INVENTORY
e Often used for mapping present estuary



Why map estuaries?

Elevation-based mapping
Historical mapping

How?

What did we learn?



ELEVATION-BASED MAPPING:
TOPOGRAPHY & TIDES



DATA SOURCES
Topography

e Digital Elevation Models

https://coast.noaa.gov/sIrdata/



DATA SOURCES
Topography

e Digital Elevation Models

e |Water Level Data
o NOAA & Army Corps of Engineers study

<0
https://coast.noaa.gov/sIrdata/



DATA SOURCES
Topography

Estuary Extent
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DATA SOURCES
Topography

Estuary Extent



COMPARISON
TO NWI

Grouped NWI Habitats

Tidal

Nontidal



COMPARISON
TO NWI

Areas not in NWI can

represent loss
(or they may represent tidal
wetlands missing from NWI)



COMPARISON
TO NWI

Regional Patterns



Padilla Bay

Clear examples of
estuary loss due to

agriculture

/

T~




Padilla Bay Estuary loss due to agriculture



Apalachicola Bay

Extensive areas
incorrectly mapped
by NWI

- N




Apalachicola Bay Incorrect NWI mapping



Grand Bay

Extensive areas
incorrectly mapped
by NWI

e N



Grand Bay

S

Other areas captured by
NWI and not
elevation-based mapping




Grand Bay Dense vegetation creates errors in mapping



ELEVATION-BASED MAPPING:
Summary

e Effective for identifying the full extent of tidal
wetlands

e Both NWI and Elevation-based mapping can
contain errors: together they provide more
accurate map of estuary



Why map estuaries?

Elevation-based mapping
Historical mapping

How?

What did we learn?



HISTORICAL MAPPING



DATA SOURCE

one U.S. survey per
Reserve, dated 1842-1926

T-sheet, ACE Basin, 1852



T-sheet, Wells, 1869






SCALE OF
MAPPING

boundaries of
one map -
a “sample” of
estuary






RECONSTRUCTING PAST
Mapping estuarine habitats







Salt
marsh Sand
s
Tide line Grass
(MLLW)
% Tide flat

¥

Elkhorn Slough’s 1854 T-sheet

Freshwater

/ pond

Salt
Pan






COMPARE
PAST AND
PRESENT

T-sheet NWI
1854 Today



Resources for you



REPORTS



BRIEFS



ORIGINAL SURVEYS & REPORTS



GIS DATA

AGOL

Downloads.



GIS METHODS TRAINING
FEBRUARY 14, 2024



STORY MAP

Story map



Reserve Stories






TIDAL MARSH
CHANGE

Tidal Wetlands Nontidal Wetlands
Vegetated Vegetated
Unvegetated Unvegetated

Upland

T-sheet Area of Interest

Padilla Bay, Washington



TIDAL MARSH
CHANGE

Tidal Wetlands Nontidal Wetlands
Vegetated Vegetated
Unvegetated Unvegetated

Upland

T-sheet Area of Interest

Padilla Bay, Washington



Why map estuaries?

How?

s \\Vhat did we learn?



LESSONS LEARNED

—j o PAST
e PRESENT

e CHANGE
e FUTURE



PAST
Historical maps shed light on past habitat distribution




PAST

Elevation-based mapping complements historical maps:
deeper baseline, broader spatial scale, focus on tides




LESSONS LEARNED

e PAST

—J» e PRESENT
e CHANGE

e FUTURE



PRESENT

Elevation-based mapping reveals larger estuary

detected estuarine habitats missed by NWI at 93% of estuaries - often extensive areas



PRESENT

Tidal forests in particular are often missed by NWI:
at 82% tidal estuaries, elevation-based mapping detected tidal forests missed by NWI



LESSONS LEARNED

e PAST
e PRESENT

—3» ¢ CHANGE
e FUTURE



CHANGE IN ESTUARY EXTENT

Unexpected problems conducting change analyses

At 21/28 tidal estuaries, could not conduct formal change analyses,
mostly because NWI did not accurately map current estuary



CHANGE IN ESTUARY EXTENT

Much more loss on Pacific coast

Elkhorn Slough

Pacific coast

4 estuaries
average 74% loss of vegetated estuary
range 61-84%

Creat Bay

Other coasts

3 estuaries
average 7% loss of vegetated estuary
range 3-12%



CHANGE

Tidal marsh was well-mapped in both historical maps and
NWI, so we could conduct change analysis



CHANGE

Comparing tidal marsh extent in historical maps
vs. NWI revealed greatest loss on Pacific coast



LESSONS LEARNED

e PAST
e PRESENT
e CHANGE

——pp» o FUTURE



FUTURE

Tidal wetland extent can be restored:
on Pacific especially, lots of lost estuary to be regained




A bigger estuary supports more fishing, protects
more shorelines, sequesters more carbon,
offers more recreation....

Atchafalaya, Louisiana (NERR Photos)



FUTURE

Tidal forests need more attention:
poorly known; many at risk of becoming ‘ghost’ forests




FORWARD-LOOKING
APPLICATIONS



Using habitat change analyses for climate
adaptation planning: San Diego example






from WRP Regional Strategy - 2018
https://scwrp.databasin.org/



Restoration projects motivated by
understanding past loss: Elkhorn example



Understanding how vast the past
estuary was helps us to think big and
avoid problems of shifted baselines






Using habitat mapping to support cultural
services: Lake Superior NERR wild rice



Historical maps identify areas for
cultural restoration of manoomin



Using habitat mapping for education:
Elkhorn Slough example



Interactive touch
screen with historical
ecology of estuary



If you remember
nothing else...



MULTIPLE MAPPING METHODS

Complement each other, and together are
more accurate than any single approach

Apalachicola Bay




TIDAL FORESTS

Temperate tidal swamps need a lot more love



REGIONAL DIFFERENCES

Different coastal resilience strategies
needed in different geographic areas



THINK BIG

Our estuaries are bigger than we think they are,
and they could be bigger still




Understanding where our estuaries are, were,
and could be will help us take better care of them

see https://www.nerra.org/estuary-change to access all products and register for training



