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GCPO Ecological Assessment - Gulf Coast Estuarine Tidal Marsh 
 
 
Introduction to the GCPO LCC Gulf Coast subgeography 
 
The GCPO LCC subgeographic construct for the Gulf Coast was developed by combining the 
western portion of the Southern Coastal Plain classification of the Omernik Level III Ecoregions 
layer (Omernik 1987) with the southern geographic extent of the Mississippi Alluvial Valley 
(MAV) Bird Conservation Region (BCR 26) developed by the North American Bird Conservation 
Initiative (NABCI) (Figure TM.1).  The Omernik Level III ecoregion class Southern Coastal Plain 
is characterized by low-elevation flat coastal plain, coastal marsh and lowlands, and coastal 
barrier islands (EPA 2013).  In defining the GCPO LCC Gulf Coast subgeographic construct, the 
Omernik Level III Southern Coastal Plain classification was bound on the eastern side by the 
eastern GCPO LCC boundary and on the western side by the western extent of the Southern 
Coastal Plain ecoregion.  To facilitate operational effectiveness for GCPO partners operating 
along the Gulf Coast, the western extent was then merged with the southern portion of the MAV, 
and extends from the southern boundary of the GCPO LCC to the northern extent of the 
Omernik Southern Coastal Plain ecoregion, and to the western extent of the MAV BCR.  The 
western portion of the Gulf Coast subgeography coincides with the portions of the Louisiana 
Deltaic plain in southeast Louisiana that are included in the GCPO LCC geography.  The Gulf 
Coast subgeography therefore combines geographic elements of the Southern Coastal Plain, 
southern Mississippi Alluvial Valley, and Louisiana Deltaic Plain into a single construct.   
 

 
 Figure TM.1.  The Gulf Coast subgeographic construct (outlined in yellow) of the Gulf 
Coastal Plains and Ozarks LCC. 

http://www.epa.gov/wed/pages/ecoregions/level_iii_iv.htm
http://www.nabci-us.org/
http://www.nabci-us.org/
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Introduction to Gulf Coast Estuarine Tidal Marsh 
 
The Gulf of Mexico is estimated to contain nearly half of all U.S. salt marsh systems.  Coastal 
wetlands are rapidly disappearing within some Gulf States, particularly in areas of coastal 
Louisiana and other states experiencing high rates of subsidence (Stedman and Dahl 2008, 
Couvillion et al. 2011).  Coastal wetland systems provide crucial habitat for myriad wildlife 
species, and their filtration and natural barrier capabilities are key players in Gulf water quality 
and security of inland coastal areas (Handley et al. in prep).  Coastal wetlands have also been 
proven to stabilize coastlines, counteract erosion and storm surge, and protect human life and 
property through attenuation (Barbier et al 2011, Engle 2011, Gedan et al. 2011).  In the 
northern Gulf of Mexico estuarine systems are influenced by sediment and freshwater inflow 
from the Mississippi River and other major river systems.  Estuarine systems in this region are 
typically dominated by herbaceous marsh species (primarily Juncus roemerianus, Spartina 
alterniflora, and S. patens) due to cumulative effects of cooler average temperatures, greater 
freshwater inflow, and reduced tidal range (i.e., microtidal) as compared to mangrove and salt-
flat marshes in southern portions of the Gulf and other coastal system in the U.S. and beyond.    
These include extensive muddy bottomed and low-salinity marshes in the Louisiana Deltaic 
Plain near the Mississippi River delta, and less-extensive clear-bottomed, high seagrass areas 
east and west of the Deltaic Plain where freshwater inflow is reduced (Beck and Odaya 2001).   
Rates of loss in combination with impending threats to coastal marsh systems has prompted the 
U.S. Fish and Wildlife Service to identify restoration of wetland ecosystems and protection of 
estuarine island habitats as two of their eight top priority conservation strategies in their ñVision 
for a Healthy Gulf of Mexicoò report, with focal areas for conservation within the GCPO LCC 
geography including the Northern Gulf Coast and Panhandle Lands (USFWS 2013).  Priority 
conservation actions as part of this vision report include development of Strategic Habitat Units, 
support for long-term habitat management programs, and improvement of water quality and 
quantity within estuarine marsh and other systems in each focal area.  The multi-institutional 
Gulf Coast Ecosystem Restoration Task Force also outlined a vision for Gulf Coast restoration 
in the 2011 report ñGulf of Mexico Regional Ecosystem Restoration Strategyò, with one of the 
goals of the task force being to ñrestore and conserve coastal and near shore habitatsò with a 
focus on marshes.  Other organizations have identified tidal marsh as a priority system for 
conservation focus over the last several years (e.g., Beck et al. 2000).  In the 2014 report ñA 
Land Conservation Vision for the Gulf of Mexico Regionò the Partnership for Gulf Coast Land 
Conservation, Land Trust Alliance, and other partners worked cooperatively to identify areas of 
high conservation value along the Gulf including locations of large contiguous wetlands 
(>247,000 acres) within 25 miles of the coastline.  Many other planning efforts at the local, state, 
and regional level are also underway that highlight coastal wetlands as a priority ecological 
system in which to focus conservation resources.   
 
LCC Science Agenda ï Gulf Coast Tidal Marsh 
 
The estuarine tidal marsh priority system in the GCPO Integrated Science Agenda (ISA), was 
derived from the Estuarine Systems class in the NatureServe/U.S. Fish and Wildlife Service 
series of ñBroadly Defined Habitatsò, which includes general ecological systems of brackish and 
saltwater marsh and seagrass beds crosswalked to NatureServe Ecological Classifications of 
Mississippi Sound Salt and Brackish Tidal Marsh and Northern Gulf of Mexico Seagrass Beds.  
The more inclusive term ñestuarine tidal marshò was adopted as one of two initial ecological 
systems of focus for the Gulf Coast subgeography in the ISA, the other being beaches and 
dunes (see Section #).  According to the Cowardin classification system, estuarine systems 
include ñdeepwater tidal habitats and adjacent tidal wetlands that are usually semi-enclosed by 

http://www.fws.gov/gulfrestoration/pdf/VisionDocument.pdf
http://www.fws.gov/gulfrestoration/pdf/VisionDocument.pdf
http://www.gulfofmexicoalliance.org/pdfs/GulfCoastReport_Full_12-04_508-1_final.pdf
http://gulfpartnership.org/images/uploads/files/Conservation_Vision_Publication_Final_10-14-14.pdf
http://gulfpartnership.org/images/uploads/files/Conservation_Vision_Publication_Final_10-14-14.pdf
http://tinyurl.com/GCPOhabitats
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land but have open, partly obstructed, or sporadic access to the open ocean, and in which 
ocean water is at least occasionally diluted by freshwater runoff from the landò (Cowardin et al. 
1979).  Emergent wetland and scrub-shrub wetland are two classes within the intertidal 
subsystem of the estuarine system.  Emergent wetland is defined by ñerect, rooted, herbaceous 
hydrophytes, excluding mosses and lichensò with subclasses of persistent or non-persistent 
vegetation (Cowardin et al. 1979).  According to the recent Coastal and Marine Ecological 
Classification Standard, Estuarine Systems are defined by ñtidally influenced waters that a) have 
an open-surface connection to the sea, b) are regularly diluted by freshwater runoff from land, 
and c) exhibit some degree of land enclosureò extending from upstream tidal limit to the 
seaward extent of the estuary (Federal Geographic Data Committee 2012). 
 
The desired ecological state for Gulf Coast estuarine tidal marsh is generally described in the 
ISA as ñstable marsh systems comprised of native vegetation and limited open water conditions 
occurring in large blocks with natural hydrology presentò.  For Gulf Coast estuarine tidal marsh, 
desired ecological states are primarily derived from the breadth of available expertise and 
resources in the GCPO LCC Adaptation Science Management Team Gulf Coast multi-taxa 
working group.  As in the other ISA priority systems, desired ecological states are defined within 
general categories of landscape attributes (i.e., endpoints) related to habitat amount, 
configuration, and condition.  However, there remains limited understanding of how species 
using this system for all or part of their life histories respond to configuration and condition of 
these habitats, and how similar their needs are across taxa (Bostrom et al. 2011). We 
performed initial assessments of amount, condition and configuration separately, and then 
where possible combined condition characteristics to better summarize amount of estuarine 
tidal marsh both within the desired ecological state and in more general terms (i.e., total amount 
of tidal marsh regardless of condition) for comparison.  However, limitations in endpoint 
definition and/or data availability (e.g., freshwater flow, salinity, native vegetation, connectivity) 
prevented us from assessing amount of Gulf Coast tidal marsh habitats meeting all specified 
criteria   Included below is the relevant section from Appendix 1 of the GCPO LCC Integrated 
Science Agenda outlining the desired landscape endpoints for tidal marsh in the Gulf Coast 
within amount, configuration, and condition categories.   
 
GULF COAST 
 
Tidal Marsh 
 
General description of desired ecological state:  Stable marsh systems comprised of native 
vegetation and limited open water conditions occurring in large blocks with natural hydrology 
present. 
 
Amount:  Adequate acres to meet needs of tidal wetland wildlife at desired levels; no loss 
 
Configuration:  Large blocks of unbroken marsh (>250 ac) 
        Connectivity of habitat types reflective of interdigitation of marsh types 
        Moderate amounts of edge within large blocks of marsh 

   Presence of barrier islands in riverine-dominated systems 
 

Condition:  Structure 

¶ Emergent vegetative cover: >70% 

¶ Limited open water: <20% 

¶ Submergent vegetative cover: 15-30% 
                     

https://coast.noaa.gov/digitalcoast/publications/cmecs
https://coast.noaa.gov/digitalcoast/publications/cmecs
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Composition 

¶ Dominated by native plants typical of high, mid-, intermediate, and low 
marsh 

          Water quality 

¶ Salinity ï aligned along natural gradient 
        Water quantity 

¶ Adequate freshwater flows and tidal influence 
 
Priority species for Gulf Coast estuarine tidal marsh systems identified in the GCPO ISA include 
river otter (Lutra canadensis), Gulf salt marsh mink (Mustela vison halilimnetes), black bear 
(Ursus americanus spp.), penaid shrimp (family Penaeidae), clapper rail (Rallus longirostris), 
king rail (Rallus elegans), redhead (Aythya americana), scaup (Aythya marila), West Indian 
manatee (Trichechus manatus), speckled trout (Cynoscion nebulosus), American oyster 
(Crassostrea virginica), and black bass (Micropterus spp.).  In the draft ISA, each of these 
species is hypothesized to be limited by ecological conditions of patch size, connectivity, 
emergent and submergent vegetative cover, edge, salinity, and freshwater flow and other 
factors.  Phase II of the GCPO ecological assessment will evaluate these hypothesized species-
habitat relationships. 
 
Delineating estuarine tidal marsh cover along the Gulf Coast 
 
Successful completion of the Gulf Coast tidal marsh component of the ecological assessment 
requires that the most consistent, comprehensive, current, and accurate data be used in 
summary and analysis.  Prior to assessment of individual landscape endpoints we conducted a 
comprehensive review and comparison of land cover data available for an assessment of 
estuarine tidal marsh along the northern Gulf of Mexico.  
 
Alternative 1: Coastal Change Analysis Program 
 
The NOAA Coastal Change Analysis Program (C-CAP) was developed as a mechanism to 
monitor changes to coastal upland, wetland and submersed vegetative cover along coastal 
areas of the conterminous U.S. (Dobson et al. 1995).  The C-CAP program uses 30 m 
resolution Landsat TM satellite imagery and ground-validated data to classify raster format data 
into 25 discrete land cover classes using an adapted classification system based on Anderson 
et al. 1976, Cowardin et al. 1979, and U.S. Environmental Protection Agency Environmental 
Monitoring and Assessment Program (EMAP).  Wetland classes are partitioned into palustrine 
(salinity due to ocean-derived salts < 0.5%) and estuarine (salinity due to ocean-derived salts 
>0.5%) groups, with forested, scrub/shrub, and emergent classes within each grouping.  
Estuarine emergent wetland (C-CAP class 18) includes ñtidal wetlands dominated by erect, 
rooted, herbaceous hydrophytesò where salinity is >=0.5%, total cover of vegetation is >80%, 
and wetlands are dominated by perennial plants.  Estuarine scrub/shrub wetland (C-CAP class 
17) includes ñtidal wetlands dominated by woody vegetation <5 m in heightsò in areas with 
>0.5% salinity and total cover of vegetation >20% (NOAA Office for Coastal Management).  
These classes are distinguished from estuarine forested wetlands, which consist of saline ñtidal 
wetlands dominated by woody vegetation >=5 m in heightò.  Palustrine wetland classes 
(emergent, scrub/shrub, forested) do not distinguish between tidal and non-tidal (Dobson et al. 
1995).  C-CAP coverage includes all U.S. coasts to the inland extent of the estuarine drainage 
areas (amount of land directly impacting an estuary) and seaward to the extent of remotely 
sensed submersed habitat (e.g., seagrass, coral, wetlands).  Comprehensive C-CAP land cover 
with a 2010 vintage is available for the entire Gulf Coast portion of the GCPO LCC geography 
(Figure TM.2).   

https://coast.noaa.gov/dataregistry/search/collection/info/ccapregional
http://archive.epa.gov/emap/archive-emap/web/html/
http://archive.epa.gov/emap/archive-emap/web/html/
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Figure TM.2.  NOAA Coastal Change Analysis Program (C-CAP) land cover mapping 
extent for the conterminous U.S. overlaid on the GCPO LCC geographic extent. 
 
 
Advantages of C-CAP data for the ecological assessment project include the availability of 
comprehensive and standardized land cover data that has been accuracy assessed across the 
GCPO LCC geography.  C-CAP is also updated at 1 ï 5 year intervals and provides a suite of 
regional land cover change products (e.g., 2001-2010, 2006-2010), which are essential to 
assessing marsh loss over time.  C-CAP classes provide a simplified breakdown of estuarine 
marsh systems (emergent, scrub/shrub, forested); however, if the LCC desired to include 
freshwater tidal marsh into the assessment, C-CAP does not differentiate palustrine tidal and 
non-tidal systems.  This could be problematic when assessing future change from palustrine to 
estuarine tidal marsh with sea-level rise and other factors associated with changes in salinity 
levels along coastal marshes. Note also, that nearly all Florida beach land-water interfaces 
along the Gulf of Mexico have a misclassified fringe of emergent marsh, which may result in an 
overestimate of emergent marsh in Florida. 
 
Alternative 2: National Wetlands Inventory 
 
The National Wetlands Inventory (NWI) program was established in the mid-1970ôs by the U.S. 
Fish and Wildlife Service to standardize nomenclature for U.S. wetland systems and develop 
the technical capacity to map wetlands across the U.S.  From these efforts the Service adopted 
a single uniform and hierarchical national standard of classification (Federal Geographic Data 
Committee 2009 and 2012, developed from Cowardin et al. 1979), from which 81% of the 
nationôs wetlands have been digitally mapped.  Salt water habitats mapped according to the 
Cowardin classification system included estuarine intertidal emergent, forested, and shrub.  NWI 
wetland mapping is provided in a vector format and based on aerial image analysis, originally 

http://www.fws.gov/wetlands/
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derived from high altitude aerial photographs and hand digitized wetland demarcation and now 
digitally derived from high-resolution color infrared aerial images.  Advantages of NWI include 
capacity to map changes to small wetland areas, complex areas and long narrow shoreline 
features that would otherwise be overlooked or misclassified by remote sensing analyses using 
satellite imagery data (e.g., Landsat) (Handley et al. in prep).  NWI also makes use of a 
standardized national classification system as opposed to the custom classification systems 
developed by C-CAP and the marsh type delineation project (below).  The hierarchical structure 
of the Cowardin classification system allows for greater detail in marsh classification, including 
several modifiers relevant to GCPO LCC ISA landscape endpoints (e.g., salinity, water flow, 
submergent vegetation), as well as a distinction among tidal and non-tidal palustrine wetlands.  
NWI also includes mapping of rooted and floating vascular plants in the aquatic bed relevant to 
the GCPO LCC submergent vegetation endpoint in some areas.  NWI also makes use of a 
rigorous ground truthing protocol to validate digitized wetlands.  The primary disadvantage to 
use of NWI in a comprehensive GCPO LCC assessment involve the temporal discrepancies in 
NWI classification projects along the Northern Gulf of Mexico, ranging at times back to the 
1970ôs (Figure TM.3).  Although standardized in classification now, older NWI project imagery 
interpretation methods varied by project, resulting in minor to major inconsistencies in data 
interpretation across space.  Temporal and project inconsistency renders assessment of marsh 
change over time difficult. 
 

 
Figure TM.3.  Vintage of publicly available USFWS National Wetlands Inventory (NWI) 
data along the Northern Gulf of Mexico.  Dark blue represents data collected since 2000, 
light blue since 1990, dark green since 1980, light green since 1970, and tan representing 
missing data (image courtesy of the U.S. Fish and Wildlife Service). 
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Alternative 3: Marsh Type Delineation Project 
 
The USGS marsh type delineation project was developed to address deficiencies in 
distinguishing between coastal marsh vegetation zones, typically described as either palustrine 
(<0.5 ppt salinity) or estuarine (>0.5 ppt salinity).  To address these deficiencies a cooperative 
project was developed to provide a standardized delineation of marsh vegetation types per four 
salinity zones (fresh, intermediate, brackish, saline) in addition to classification of water and 
other non-marsh types along the northern Gulf of Mexico following the Chabreck et al. (1968) 
classification (Table TM.1).  This project delineated marsh vegetation type in raster format from 
Corpus Christi Bay, Texas to Mobile Bay, Alabama, inland to the 10 m elevation contour line, 
and seaward 5-6 km from shoreline (Enwright et al. 2014).  This project uses 2009-2011 
Landsat TM and SPOT 4 and 5 satellite imagery and existing land cover classifications to 
produce a step-wise decision tree analysis in See5 and other software programs in combination 
with 2011-2012 ground referenced observations using helicopter surveys, site visits, and aerial 
photo interpretation.  Urban and cropland data were excluded and resolution for delineated 
marsh pixels was 10 m2.   
 
Advantages of this dataset are that it is the most recent temporal dataset available, and is 
standardized and seamless using the best available classification technology throughout the LA, 
MS, and AL portions of the GCPO geography.  The primary disadvantages are that this data is 
not yet publicly available throughout the FL portion of the GCPO geography and would require 
supplementation with other data when used in the assessment.  Additionally, the temporal scale 
of this dataset provides no means to assess marsh change over time.  The data also does not 
distinguish between tidal and non-tidal for freshwater marsh and could be problematic if this 
assessment were to include tidal freshwater marsh in the future. 
 
 
Table TM.1.  Salinity means and ranges for classification of fresh, intermediate, brackish, 
and saline marsh types and representative species as part of the USGS marsh type 
delineation work as defined in Enwright et al. (2014).  Note representative species were 
listed based on the Texas portion of the marsh delineation work detailed in Enwright et 
al. (2014). 
 

Marsh type 
Mean 

salinity 
Salinity range 

(ppt) 
Representative species 

Fresh 1.0 0.1 ï 3.4 Maidencane (Panicum hemitomon), spikerushes 
(Eleocharis spp.), alligator weed (Alternanthera 
philoxeroides) 

Intermediate 3.3 0.5 ï 8.3 Gulf cordgrass (Spartina spartinae), marshhay 
cordgrass (Spartina patens), bulltongue (Sagittaria 
lancifolia), coastal waterhyssop (Bacopa monnieri) 

Brackish 8.2 1.0 ï 18.4 Marshhay cordgrass (Spartina patens), seashore 

saltgrass (Distichlis spicata) 

Saline 18.0 8.1 ï 29.4 Smooth cordgrass (Spartina alterniflora), seashore 
saltgrass (Distichlis spicata), needlegrass rush (Juncus 
roemerianus) 

 
 
 

http://gcpolcc.databasin.org/datasets/25c6408665ec4935ac4d849ce8653083


 

8 
 

Alternative 4: Southeast GAP 
 
The National GAP Analysis Program is designed to provide foundational data for assessments 
of vertebrate species by creating and combining maps of detailed land cover, species 
distribution, and land stewardship.  Once created these data layers are analyzed to identify 
areas of vertebrate biodiversity, conservation gaps, and assess vertebrate species status in the 
U.S.  Land cover products created through the GAP program are mapped to multi-season 1999-
2001 Landsat ETM+ satellite imagery and include a crosswalk to NLCD land cover, and tiered 
land cover based on the top five National Vegetation Classification System (NVCS) levels and 
538 classes provided in the NatureServe Ecological Systems Classification (NESC) 
(NatureServe 2007).   NECS mapping units were derived as a substitute for the impractical level 
of floristic mapping to NVCS alliance and association levels and grouped NVCS association 
levels by similar ecological processes and other environmental factors, mapped to scales from 
tens to thousands of hectares (Comer et al. 2003).  Comer et al. (2003) defines terrestrial 
ecological systems as a ñgroup of plant community types (associations) that tend to co-occur 
within landscapes with similar ecological processes, substrates, and/or environmental gradientsò 
and takes into account upland and wetland areas and prominent environmental features (e.g., 
dune, coast) into classification.  Datasets used in mapping GAP land cover analysis included 
landscape layers derived from numerous physiographic, community, and disturbance models 
(e.g., elevation, slope, aspect, landform, geology, soils, hydrology, rare plant communities, fire, 
tree harvest, agriculture, developed) in addition to Landsat derived products such as Normalized 
Difference Vegetation Index.  Therefore GAP land cover products incorporate both dominant 
vegetation and physical elements of the environment in classification.  GAP land cover is 
provided as a national raster format data layer at 30 m resolution and combines data from four 
regional GAP analysis projects (California, northwest, southeast, southwest) supplemented with 
crosswalked LANDFIRE existing vegetation type data in other areas without GAP classification.  
GAP ecological classifications relevant to the assessment of GCPO Gulf Coast Tidal Marsh and 
Beach/Dune systems are listed in Table TM.2 below.   
 
Advantages of using GAP data for the tidal marsh system assessment included GAP providing 
a tiered and standardized set of classifications across the entire Gulf Coast portion of the GCPO 
LCC geography, including the capacity to assess to the level of NESC, which is not available by 
C-CAP, NWI, or other data layers (see comparison example in Figure TM.4).  GAP data were 
trained and ground-truthed within each ecological system classification level using plot-level 
data.  Disadvantages of GAP are related to the age of the 1999-2001 base Landsat imagery, 
thus relying on landscape character that is 14 years old at the time of this assessment, with land 
cover change metrics not readily available through GAP at this time.   
 
 
 
 
 
 
 
 
 
 
 
 

http://gapanalysis.usgs.gov/
http://usnvc.org/
http://explorer.natureserve.org/classeco.htm
http://www.landfire.gov/
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Table TM.2.  Table of ecological classes identified in Southeast GAP and relevant to 
assessment of tidal marsh and beach and dune systems within the GCPO LCC Integrated 
Science Agenda Gulf Coast subgeography as described by GAP and NatureServe (2007). 
 
Relevant system, 
endpoint 

GAP Ecological Classification Abbreviated description 

Tidal marsh, open water Open Water (Brackish/Salt) Open water w/<25% veg/soil cover in coastal and 
near-shore estuarine and/or marine waters. 

Tidal marsh, open water Open Water (Fresh) Open water w/<25% veg/soil cover in inland waters 
of streams, rivers, ponds and lakes. 

Tidal marsh, emergent 
vegetation 

Mississippi Sound Salt and 
Brackish Tidal Marsh 
(CES203.303) 

Salt and brackish tidal marshes of the northern Gulf 
of Mexico region of northwestern Florida, southern 
Alabama, and southeastern Mississippi. Typically 
associated with mud-bottom bays behind barrier 
islands. 

Tidal marsh, emergent 
vegetation 

Gulf and Atlantic Coastal Plain 
Tidal Marsh Systems 
(CES203.638) 

Atlantic and Gulf coasts and barrier islands salt, 

brackish, and freshwater marshes are included and 

with regular tidal flooding.  Salt marshes dominated 

by Spartina but Juncus roemerianus also common. 

 

Tidal marsh, 
submergent vegetation 

Northern Gulf of Mexico 
Seagrass Bed (CES203.263) 

Seagrass bed from Florida panhandle westward to 
Mississippi, primarily including the true seagrass  
Ruppia maritime and the non-seagrass  Vallisneria 
Americana with some representation of  Halodule, 
Thalassia, and Cymodocea taxa. 

Beach Unconsolidated Shore Unconsolidated material such as silt, sand, or gravel 
subject to inundation and redistribution due to the 
action of water.  

Beach Louisiana Beach (CES203.469) Louisiana beaches are predominantly found on 
remnant barrier islands associated with historic delta 
lobes of the Mississippi River. Dominance of 
saltmeadow cordgrass instead of sea-oats.  

Beach Florida Panhandle Beach 
Vegetation (CES203.266) 

The panhandle beach system ranges from 
northwestern Florida (Ochlockonee River) to 
southeastern Mississippi. It includes the outermost 
zone of coastal vegetation extending seaward from 
foredunes.  

Beach/Dune Gulf and Atlantic Coastal Plain 
Sparsely Vegetated Systems 
(CES203.646) 

Includes Gulf and Atlantic coast beaches outermost 
zone of coastal vegetation extending seaward from 
foredunes on barrier islands and also limited 
overwash flats behind breached foredunes. 
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Figure TM.4.  Example comparison of National Wetlands Inventory, Coastal Change 
Analysis Program (C-CAP), USGS marsh type delineation, and Southeast GAP data 
classifications in the Mobile Bay estuary system in Alabama. 
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Alternative 5: Florida Cooperative Land Cover 
 
In October 2015 the cooperative Florida Fish and Wildlife Commission and Florida Natural 
Areas Inventory (FNAI) partnership released version 3.1 of the Florida Cooperative Land Cover 
Map (CLC).  CLC provides a compilation of 37 land cover and vegetation data products 
collected into a state-wide land cover classified hierarchically to the Florida Land Cover 
Classification System, a unified combination of the natural community classification of FNAI and 
the Florida Land Use and Forms Classification System of the Florida Department of 
Environmental Protection (Knight et al. 2010).  The Florida CLC maps land cover classification 
in vector and 30 m raster format at two levels of confidence, including state-level (classifications 
mapped with confidence at the state-level) and site-level (detailed, site-based information that 
may not be available at the state-level).  State-level classifications of relevance to this 
assessment include saltwater marsh, class 5240 (Fig. TM.5), whereas detailed relevant site-
level classifications include saltwater marsh, saltwater marsh barren, cordgrass, and needlerush 
are available in the framework but not yet classified widely.  Advantages to use of Florida CLC 
in the ecological assessment reflect the variety of detailed product inputs used to produce the 
compiled maps, often reflecting extensive local knowledge of Florida land cover.  However, CLC 
data is only valuable in the Florida portion of the GCPO LCC geography and therefore prohibits 
assessment beyond state boundaries.  Variation in input data sources (in time and in mapping 
methodology) also adds inherent uncertainty to map products. 
 
 

 

Figure TM.5.  State-level salt marsh classification of the Florida Cooperative Land Cover 
Map (version 3.1, 2015) within the GCPO LCC geography of the western Florida 
panhandle.  
 
 
Alternative 6: MTDP/CLC Composite Approach to Create Marsh Mask 
 
We compared products of alternatives 1-5 by and found they provided varying approximations 
of estuarine tidal marsh location along the Gulf Coast subgeography, primarily due to temporal 
differences in water levels, temporal differences in wetland classification and varying degrees of 
classification accuracy.  After extensive consideration we chose the USGS Marsh Type 
Delineation Project data for GCPO Gulf Coast areas in Alabama, Mississippi, and Louisiana, 

http://www.fnai.org/landcover.cfm
http://www.fnai.org/landcover.cfm
http://www.fnai.org/PDF/APPENDIX%20A.%20CLC%20v2.3%20Classification.pdf
http://www.fnai.org/PDF/APPENDIX%20A.%20CLC%20v2.3%20Classification.pdf


 

12 
 

and Florida Cooperative Land Cover data for GCPO portions of the western Florida panhandle.  
The MTDP data represents the most recent temporal classification available along much of the 
Gulf Coast and is classified within Louisiana, Mississippi and Alabama using consistent 
methods.  Second the MTDP project likely provides an improved measure of open water within 
tidal marshes in the western GCPO geography, which is particularly important in rapidly 
changing marshes in Louisiana.  Third, the MTDP product provides a unique opportunity to 
examine configuration of marsh types within patches that is not available in any other marsh 
dataset.  The Florida CLC data represents a regularly updated state-led land cover effort and 
though temporal classification may be inconsistent, any changes to marsh extent are reflected 
in these updates.  CLC is also superior in classification of salt marsh compared to C-CAP and 
GAP layers because of the local expertise that it incorporates in marsh delineation.  CLC also 
provides the classification framework within which more detailed site-level classification of salt 
marsh classes is possible (though unavailable across all salt marsh in the GCPO Florida 
geography at this time), and is the layer upon which many Florida conservation planning 
activities are based including the Florida Critical Lands and Waters Identification Project.  
However, in the event that the MTDP project is expanded through the western Florida 
panhandle, we will likely update this assessment to include that expansion to be consistent with 
the western LCC geography.  One disadvantage of this approach, however, is that there is no 
measure of change with the MTDP or CLC products at this time, therefore assessment of marsh 
change must be based on NOAA C-CAP change only.    
 
We reprojected the MTDP and CLC 10 m resolution data sets to an Albers Equal Area Conic 
projection, then clipped both to a 10 km buffer around the GCPO LCC geography, extending out 
to state seaward boundaries in Mississippi, Alabama, and Florida to better capture barrier island 
marshes.  To create the estuarine tidal marsh ñmaskò from which subsequent patches were 
delineated we first reclassified the MTDP dataset to extract the saline, brackish and 
intermediate classes, and reclassified the state-level CLC data to extract the salt marsh class 
(class 5240).  Both reclassified datasets represented a simplified layer of 1ôs (in target class) 
and no data (not in target class).  We then mosaiced the MTDP layer with the CLC layer, taking 
MTDP pixels as first order preference where overlap existed. This became the estuarine tidal 
marsh ñmaskò within which most of the remaining landscape endpoints for this system were 
assessed.  We calculated a simple measure of estuarine tidal marsh acres within GCPO 
portions of each coastal state and overall (by summing the count of pixels, multiplying by pixel 
resolution (10x10 m = 100 m2) and converting to acres.  From these datasets we estimate there 
are presently 202,584 acres of estuarine tidal marsh within the GCPO LCC geography (Table 
TM.3, Figure TM.6).   
 
Table TM.3. Amount of estuarine tidal marsh habitat (in any condition and acres currently 
protected) calculated from a combination of USGS Marsh Type Delineation Project data 
(AL, LA, MS) and Florida Cooperative Land Cover v.3.1 data within the GCPO LCC. 

Geographic extent Estuarine tidal marsh acres (any condition) 

Alabama 40,893 

Florida (GCPO only) 37,766 

Louisiana (GCPO only) 75,349 

Mississippi 48,576 

GCPO Total 202,584 

 

http://fnai.org/clip.cfm
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Figure TM.6.  Estuarine tidal marsh pixels from  the composite of USGS Marsh Type 
Delineation Project and Florida Cooperative Land Cover v.3.1 within data within the 
GCPO LCC Gulf Coast. 
 
 
Conservation Planning Atlas Links to Available Geospatial Data Outputs: 

Å  GCPO LCC Estuarine Tidal Marsh (All condition) (raster)  
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Chapter 1: Amount, assessing marsh loss 
 

Subgeography:  GULF COAST 
 

 Ecological System:  Estuarine Tidal Marsh 
  

Landscape Attribute:  Amount 
 

Desired Landscape Endpoint: Adequate acres to meet needs of tidal wetland wildlife at 
desired levels; no loss  
 

Estuarine tidal marshes are dynamic transitional systems; thus tracking change in those 
systems over time is challenging and dependent on temporal scale.  The dynamic nature of this 
system renders developing target amounts for maintenance and restoration a challenging task 
as well.  The intentionally vague endpoint component targeting adequate acreage to meet 
wildlife needs will vary by species and estuarine system within the GCPO LCC geography.  
However, regardless of the dynamic nature of the tidal marsh system, a target of no further loss 
is clear.  Tidal marshes along the northern Gulf of Mexico have suffered tremendous losses 
over the past half century (Couvillion et al. 2011, Dahl and Stedman 2013, Handley et al. in 
prep).  Coastal estuarine systems exist as a ñfunctionally connectedò mosaic of habitats, 
whereby loss will negatively impact nearby system components and disrupt whole-system 
function (Bostrom et al. 2011).  Therefore an understanding of current estuarine marsh amounts 
and estimates of loss are important to facilitate conservation target setting and management 
planning.   
 
Wetland loss along coastal portions of the U.S. is widely and frequently assessed using high-
resolution aerial and satellite imagery (e.g., Handley et al. in prep, Couvillion et al. 2011, Dahl 
2011, Dahl and Stedman 2013).  To facilitate the rapid assessment process we used the NOAA 
C-CAP Regional Land Cover Change product to assess losses and gains in estuarine emergent 
and scrub/shrub land cover from (1996-2010).  Though C-CAP change products are available 
back to 1975 in some regions of the U.S., the earliest change product available along the 
northern Gulf of Mexico is not until 1996.  C-CAP change products use a combination of 
Landsat multi-spectral scanner (MSS), thematic mapper (TM) and enhanced thematic mapper 
(ETM) satellite imagery, aerial photography, and plot-level data in combination with other 
ancillary data (e.g., digital elevation model, normalized difference vegetation index) for historic 
and recent eras to produce a matrix of land cover change among C-CAP classes over time 
(Burkhalter et al. 2005).   
 
To assess change amounts within the GCPO Gulf Coast subgeography portions of the C-CAP 
change product extent, we first evaluated estimated losses and gains by class and overall of the 
C-CAP estuarine emergent and estuarine scrub/shrub classes within each GCPO state.  Losses 
to and gains from other classes included development, palustrine wetland, water, other 
estuarine wetland types, unconsolidated shore, non-wetland scrub/shrub, evergreen forest, and 
grassland/pasture or cultivation.  Start and end date ranges for the land cover change 
assessment varied by state and ranged from 1994-1997 start dates and 2009-2011 end dates.  
We estimated loss independently for Louisiana, but summed loss totals across Alabama, 
Mississippi, and GCPO LCC portions of Florida since loss was limited in these states compared 
to Louisiana.  We also clipped the C-CAP change product to a 10 km buffer east and west of the 
GCPO LCC boundary and assessed amount of total estuarine emergent and estuarine 
scrub/shrub wetland acreage lost, gained, and net change per HUC12 watershed from 1996 - 
2010.  Note we recognize the misalignment between use of C-CAP change product data for 

http://coast.noaa.gov/dataregistry/search/dataset/info/ccapregional
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assessment of marsh loss, and use of MTDP and CLC data in creation of the marsh mask.  This 
misalignment exists because we determined MTDP and CLC data to be more useful in 
compilation of the quantitative assessment of desired ecological state found at the end of this 
section.  Estimated losses using C-CAP data were assessed and summarized but were not 
quantified in the empirical analysis that addressed desired ecological state.   
 
Estimated loss 
 
In the Gulf Coast subgeography of the GCPO LCC we estimate 19,566 acres of estuarine 
emergent and scrub shrub wetland were lost to other land cover classes, and 4,450 acres were 
gained from other land cover classes from 1996-2010, representing a net loss of 15,116 acres 
over a 15 year period, or roughly 1,000 acres per year though more likely punctuated rather 
than gradual losses.  Net losses of marsh to open water dominated the C-CAP change metrics 
with 11,827 acres of estuarine emergent and scrub shrub marsh acres lost to water over the 
period (Figure TM.7).  However, it is uncertain if net losses to the water class are a result of 
changes in water levels during mapping periods, or real losses, particularly in the Mississippi 
River delta marsh portions of the GCPO LCC geography, which are subject to a different suite 
of integrity stressors compared to other portions of the GCPO Gulf Coast (Couvillion et al. 
2011).  The GCPO LCC Gulf Coast subgeography also lost 1,326 acres of estuarine emergent 
and scrub/shrub wetland to low, medium, high intensity, and open space development (147 ac 
[LA], 378 ac [MS], 382 ac [FL], 418 ac [AL]), primarily in small pockets along fringes of existing 
developed lands.  Also, 1,680 acres changed to other classes within estuarine systems (e.g., 
estuarine emergent to estuarine scrub/shrub wetland or vice versa).  Other losses and gains 
to/from palustrine wetlands, shore or barren, grasslands or cultivated, and non-wetland forest or 
scrub/shrub were minimal in this geography. 
 
The primary area of tidal marsh change (loss and gain) from 1996 ï 2010 occurred in the GCPO 
portions of the Deltaic Plain (Figure TM.8).  HUC 12 watersheds in this area experienced net 
losses of up to 1,700 ac, and net gains of up to 1,000 acres, suggesting this is a highly dynamic 
tidal marsh system subject to compounding effects of water levels related to Mississippi River 
flood events, storm event disruptions, and subsidence.  Other smaller areas of net loss were 
found in HUCs along the western, central, and eastern Mississippi coasts, the eastern Alabama 
coast, and along the eastern portion of the Florida GCPO LCC geography.  We observed the 
greatest tidal marsh gain (per HUC12) on the eastern shore of Lake Pontchartrain in Louisiana 
on private lands directly adjacent to Big Branch Marsh National Wildlife Refuge.  However, in 
comparison to current aerial imagery and communications with Refuge staff, it is evident that 
this area is currently under development and will be a loss in the next C-CAP change product 
assessment.  
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Figure TM.7.  Net change in NOAA C-CAP estuarine emergent and estuarine scrub-shrub 
classes to other land cover categories in Louisiana (GCPO extent only) (a), Alabama, 
Florida (GCPO extent only), and Mississippi (b), and over the GCPO Gulf Coast 
subgeography (c) from 1996-2010 based on the NOAA Coastal Change Analysis Program 
land cover change product. 

a 

c 

b 
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Figure TM.8.  Acres of estuarine emergent and estuarine scrub-shrub per HUC 12 
watershed lost (a), gained (b), and net change (c) in the GCPO LCC geography from 1996 
ï 2010 per the NOAA Coastal Change Analysis Program (C-CAP) land cover change 
product. 
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Future Directions and Limitations 
 
Loss of coastal wetlands and degradation of estuarine habitat along the northern Gulf of Mexico, 
and particularly along coastal Louisiana have been recognized as two of the primary issues 
influencing the Gulf ecosystem integrity (Gulf Coast Ecosystem Restoration Task Force 2011).  
In a similar assessment of C-CAP land cover change from 1996-2006, Karnauskas et al. (2013) 
estimate a decrease in percent cover of coastal wetlands by 1.04% along the coastal portions of 
the Gulf of Mexico, and predicted an additional 10% loss in coastal wetlands following this trend 
by 2100.  More dramatically, Dahl and Stedman (2013) estimated a loss of -5.2% (120,796 ac) 
of coastal estuarine emergent wetlands along the Gulf of Mexico from 2004-2009, with 99% of 
all losses to open deep-water estimated to occur in the Gulf.  Handley et al. (in prep) suggest 
wetland loss caused by development (industrial, residential, and recreational) is the largest 
threat to Mississippi and Alabama coastal wetlands, with an estimated 10,000 ac loss in 
wetlands in Mississippi prior to passage of the 1973 Mississippi Coastal Wetlands Protection 
Law, and an estimated 12,820 acres estuarine emergent wetland from 1955 to 2001/2002 in 
Alabama.  An assessment of land use/land cover change from 1974 ï 2008 in Mobile Bay, 
Alabama using Landsat image classification suggests conversion of nearly 48,000 acres of 
other land cover classes to urban/developed classes and a loss of nearly 2,400 acres of non-
woody wetland (766 ac attributed to development) in this area over the 30+ year time period 
(Ellis et al. 2011).  In an assessment of land area change in coastal Louisiana (1932 ï 2010) 
Couvillion et al. (2011) found substantial land area losses (~1.2 million acres) since 1932, with 
over 89,000 acres lost in the Mississippi River Delta and over 109,000 acres lost in the 
Pontchartrain basin alone.  Most of the general land area losses occurred during major 
settlement/development events from 1932 to 1973.  However, it appears areas of major losses 
of undeveloped tidal marsh areas demonstrated by the assessment of C-CAP land cover 
change above likely occurred following major storm events in 2004-2008.   
 
In addition to losses from subsidence, development, and catastrophic storm events coastal 
marsh systems are expected to be impacted by sea level rise.  Marsh systems are expected to 
adapt to fluctuations in sea-level through processes such as vertical accretion and horizontal 
migration, and in the absence of physical barriers, estuarine marshes are expected to migrate 
landward.  Enwright et al. (2015) used five sea level rise scenarios (0.5 ï 2.0 m) and predicted 
spread of urbanization (Terando et al. 2014) to determine the extent of estuarine marsh 
migration and migration barriers along the northern Gulf of Mexico out to 2100.  The project 
found there would be sufficient unimpeded areas for marsh migration in the GCPO LCC with the 
exception of some areas associated with coastal bay estuaries where the urban footprint is 
expected to grow (Figure TM.9).  Another modeling effort called the Sea Levels Affecting 
Marshes Model project along the Northern Gulf of Mexico used a decision-tree approach to 
predict vulnerability of marsh and other habitats to sea-level rise along the Northern Gulf of 
Mexico and found similar results as Enwright et al. (2015), but incorporated counter-effects of 
marsh accretion into models (Figure TM.10).  Other projects such as the Ecological Effects of 
Seal Level Rise also address coastal changes due to SLR in National Estuarine Environmental 
Research Reserves.   Given the plethora of loss estimates all suggesting ongoing vulnerability 
of the tidal marsh system in the northern Gulf of Mexico, and in particular, precipitous loss in 
areas of the GCPO LCC geography, it is critical that the conservation community continue 
efforts to better understand the ranges of tolerance that priority wildlife species have to marsh 
losses such that restoration and management targets can be set.   
 
 

http://gulfcoastprairielcc.org/science/science-projects/evaluating-sea-level-rise-modeling-for-the-gulf-of-mexico-coast/
http://gulfcoastprairielcc.org/science/science-projects/evaluating-sea-level-rise-modeling-for-the-gulf-of-mexico-coast/
https://coastalscience.noaa.gov/projects/detail?key=162
https://coastalscience.noaa.gov/projects/detail?key=162
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Figure TM.9.  Predicted tidal saline wetland migration out to 2100 using mean 1.2 m 
expected sea-level rise in Louisiana (top left), Mississippi and Alabama (top right), and 
western Florida panhandle (bottom left) portions of the GCPO LCC Gulf Coast 
geography.  Areas in light pink represent future marsh migration, whereas areas in red 
represent landscapes predicted to be urbanized and a barrier to marsh migration in 2100 
(Enwright et al. 2015) 
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Figure TM.10.  Predicted change in coastal systems in Louisiana to 2100 under a 1.2 m 
sea-level rise scenario using Sea Level Affecting Marshes Model data, as visualized in 
SLAMM View (Warren Pinnacle Consulting, Inc. 2016) 
 
 
 
Conservation Planning Atlas Links to Available Geospatial Data Outputs: 
 

¶ Net change in Estuarine Tidal Marsh (C-CAP 1996-2010) in the GCPO (vector ï 
polygon: acres per HUC 12) 

¶ USGS Tidal Saline Wetland Migration Along the Gulf of Mexico under alternative Sea-
level Rise and Urbanization Scenarios (raster) (Enwright et al. 2015) 

¶ SLEUTH Projected Urban Growth (raster) (Terrando et al. 2014) 
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