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I. Introduction 

The 2019 Basin Summary Report for the Calcasieu-Sabine (CS) Basin is the first summary report 

written for the CS Basin by the Coastal Protection and Restoration Authority of Louisiana (CPRA).  

As per Louisiana’s Adaptive Management Plan (CPRA 2019), this report describes the historical 

and current ecological conditions within the Basin, documents the coastal protection and 

restoration projects that have been constructed within the Basin, and relates how these projects are 

affecting localized land loss, hydrologic functioning, vegetation, and elevation change. 

A. Study Area 

The CS Basin is located in southwest Louisiana in Cameron and Calcasieu Parishes within the 

Chenier Plain of coastal Louisiana.  The approximately 630,000 acre basin is bound to the north 

by the Gulf Intracoastal Waterway (GIWW) with some fringing marshes to the north of the GIWW, 

to the east by the eastern spur of Louisiana (LA) Highway (Hwy) 27, to the south by the Gulf of 

Mexico, and to the west by the Sabine River, Lake, and Pass (Fig. 1).  In 2016, the total area was 

classified as 364,810 acres of land (58 %) and 265,190 acres of water (42 %) (Couvillion et al. 

2017).  The CS Basin is a coastal wetland system with freshwater input at the north end, a north-

south flow through Calcasieu and Sabine Lakes, and some east-west water movement through the 

GIWW and interior marsh canals.  Calcasieu and Sabine Lakes are both important navigation 

corridors and are used for recreational and commercial purposes. Hydrologic management is a 

significant feature of the CS Basin with a mix of impoundment levees and water control structures 

at both local and landscape scales.     

B. Precipitation and Drought 

Annual precipitation of the region from 1994 to 2017, measured at regional airports located in 

Lake Charles, LA (Lake Charles Regional Airport, KLCH) and Beaumont-Lake Arthur, TX (Jack 

Brooks Regional Airport, KBPT), averaged 54 inches; the area went through cycles of high and 

low rainfall varying by season (Fig. 2) (CPRA 2018).  Drought is a cumulative effect of conditions 

over time and impacted by precipitation, humidity, soil moisture, and water levels.  Since 2000, 

the U.S. Drought Monitor (USDM) has indexed these contributors to describe drought severity 

into categories of Abnormally Dry (D0), Moderate (D1), Severe (D2), Extreme (D3), and 

Exceptional (D4).  The USDM described short periods of D3 drought in 2000, 2006, and 2015 and 

a long-term, drought that began in 2010 as a D3 and lasted through the end of 2011 as a D4 for 

southwest Louisiana (National Drought Mitigation Center, University of Nebraska-Lincoln  2018).   

C. Sea Level 

Mean sea level has been collected at Pier 21 near Galveston, TX since 1904.  Available data from 

Sabine Pass track well with the Galveston gage.  From 1904 to 2018, sea level at Galveston rose 

3.11 ft (0.948 m) over 114 years at a linear rate of 0.0018 feet/yr (6.58 mm/yr) (Center for 

Operational Oceanographic Products and Services, CO-OPS, 2019).  There was a lag in sea level 

rise where actual sea level was below the trend from the mid 1990’s to 2015 (Fig. 3).  In recent 

years, sea level has rapidly increased.  Higher sea level in the Gulf of Mexico means higher water 

levels in coastal lakes and bays which limits drainage from marshes in all of coastal Louisiana.  

https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?id=8771450
https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?id=8771450
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Figure 1.  The Calcasieu-Sabine Basin with major boundaries, water bodies, and roadways.
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Figure 2.  Seasonal precipitation representing the Calcasieu-Sabine Basin for 1994-2017 averaged 

from Lake Charles, LA (Lake Charles Regional Airport, KLCH) and Beaumont-Lake Arthur, TX 

(Jack Brooks Regional Airport, KBPT) regional airports. 

 

 
Figure 3.  Sea level has been collected from Galveston, TX’s Pier 21 from 1904 through 2018. 

Data adapted from Center for Operational Oceanographic Products and Services (CO-OPS). 

https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?id=8771450
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D. Past Anthropogenic and Natural Changes within the CS Basin 

 

1. Hydrology  

The two largest lakes of the CS Basin, Sabine and Calcasieu Lakes, formed over the past 5,000 

years as drowned Pleistocene river mouths.  Longshore transport of Mississippi River sediments 

formed mudflats that seasonally closed the Gulf opening of the shallow bays until they were 

permanently dredged open in the late 1800s (Fisk 1944).  Thus began the human alteration of the 

freshwater marsh ecosystem into the intermediate to saltmarsh ecosystem that exists today. 

Prior to the early 1900s, natural drainage in the CS Basin was predominantly north-south.  The 

three principal riverine sources were the Sabine, Neches, and Calcasieu Rivers. The CS Basin was 

naturally divided by the Gum Cove and Hackberry Ridges into hydrologically independent Sabine 

and Calcasieu sub-basins (Fig. 1).  Sheet flow occurred over the marsh surface from north to south 

between the ridges and lakes (Fisk 1944).  Human-induced hydrologic alterations have 

dramatically altered the hydrology of the region resulting in a circular pattern of water flow 

through a combination of navigation channels, petroleum exploration and production canals, and 

drainage canals that hydrologically connected the sub-basins (see Hydrodynamic Modeling of the 

Calcasieu-Sabin Basin section in Louisiana Coastal Wetlands Conservation and Restoration Task 

Force [LCWCRTF] 2002).   

Major historic hydrologic alterations of the CS Basin included dredging the Calcasieu Ship 

Channel (CSC) and Sabine-Neches Ship Channel (SNSC) to the Gulf of Mexico and connecting 

the ship channels by dredging an inland shipping route, the GIWW, along the northern portion of 

the basin (Fig. 1).  More localized hydrologic alterations included dredging of oilfield canals, 

construction of salinity and water-level control structures and levees, and impoundment of large 

areas of the marsh for wildlife management (LCWCRTF 2002).  Many of the structural alterations 

were in response to saltwater intrusion from the navigation channels and to control water levels. 

The CSC, constructed in 1874 to 80 ft wide and 5 ft deep, has been maintained at its current 

dimensions, 400 ft wide and 40 ft deep, since 1968 (Lehto et al. 1994).  The SNSC, dredged in the 

early 1900s to 100 ft wide and 9 ft deep, has been maintained at its current dimensions of 400 ft 

wide and 42 ft deep since 1972 (Lehto et al. 1994) with plans to deepen to 48 ft starting in 2019 

(Sabine-Neches Navigation District 2018).  The dredging and subsequent deepening of the 

navigation channels allowed saltwater to infiltrate the historically freshwater marsh ecosystems 

and provided a conduit for water to quickly exit the system, carrying with it organic substrate from 

the adjacent marshes (LCWCRTF 2002).  The GIWW was dredged through both basins and 

connected the two ship channels in 1915 and was enlarged to its current dimensions, minimum 

125 ft wide and 12 ft deep, by 1949.  The GIWW effectively cut off freshwater inputs from many 

upland bayous and channelized freshwater flows directly into the ship channels (LCWCRTF 

2002).  The Hackberry Ridge was bisected by the West Cove Canal in 1917 to transport shell for 

road and highway construction and subsequently by Hog Island Gully and the Sabine National 

Wildlife Refuge (NWR) Headquarters Canals (Lehto et al. 1994); these canals hydrologically 

connected the southern Sabine sub-basin to the West Cove of Calcasieu Lake and the CSC (Fig. 
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1).  After 1917, the hydrology of the two basins were interconnected and have since functioned as 

one hydrologic basin.   

Several local-scale alterations have also affected hydrology and land change between the Sabine 

and Calcasieu Lakes.  Boundary canals (Burton, Starks, Grays Ditch, South Line, Central, Beach, 

Roadside, and Willow Bayou Canals) cut by landowners from 1900 to 1917 for access into the 

marsh and to demarcate property boundaries crisscrossed the landscape.  Many of these canals 

were later incorporated into the SABINE NWR to create wildlife impoundments in the 1950s and 

dredged in the late 1970s to early 1980s.  Oil exploration and extraction in the region resulted in a 

network of canals with spoil banks cut through the marsh.  Large oil and gas fields were discovered 

and developed in the early 1900s (1902-1935) associated with the East and West Hackberry, Black 

Bayou, and Cameron Meadows salt domes (Howe et al. 1935).  The canals altered marsh hydrology 

by impeding sheet flow over the marsh and allowing saltwater intrusion and hydraulic energy into 

the marsh.  Canals have contributed to land loss throughout the entire coastal zone both directly 

by removing soil while excavating the canals and indirectly by changing hydrologic and sheet flow 

patterns (Turner and Cahoon 1988).   

Hydrologic forcings on the CS Basin have included riverine inputs, tides, precipitation, and wind-

driven effects on water level and flow direction.  Precipitation in the area has averaged 57 inches 

per year from 1932 through 2017.  Micro-tidal surges from the Gulf of Mexico inundate the basin 

through the system of lakes, bayous, canals, and shipping channels (Lehto et al. 1994).  The tidal 

pulse is conveyed far inland through these deepened ship channel systems and smaller canals 

(LCWCRTF 2002).  This effect has been steadily exacerbated by over a century of sea-level rise 

in the Northern Gulf of Mexico, as glacial meltwater and ocean thermal expansion have increased 

mean sea level by approximately 3.11 feet at the Galveston gage (Fig. 3) (CO-OPS 2019).  Winds 

can dominate current, water level, and water velocity in the ecosystem.  Prolonged North winds 

(winter) can cause low-water events while prolonged South winds (mostly summer) from the Gulf 

of Mexico can cause saltwater to collect in Calcasieu and Sabine Lakes to be distributed into the 

surrounding marshes (Paille 1996, Gosselink et al. 1979).   

2. Habitat Types 

Prior to the 1940s, anecdotal observations indicate that lower salinity habitats existed.  Taxodium 

distichum (bald cypress), a dominant freshwater forest species, occurred along Black Bayou in the 

northwest corner of the CS Basin near the intersection of the Sabine River and the GIWW.  In the 

early 1900s salt concentrations were too low to support oyster reefs in lower Calcasieu Lake 

(Glaser 1904, Kellogg 1905); and, “freshens”, periods of fresh water from Calcasieu Lake, would 

kill oysters in Calcasieu Pass near the Gulf of Mexico (Kellogg 1905, Cary 1906). 

In the 1940s, the CS Basin had relatively few areas of open water other than Calcasieu and Sabine 

Lakes, and intermediate to freshwater marsh with Cladium jamaicense (Jamaica sawgrass) 

dominated interior areas while brackish marshes prevailed around the lakes and cheniers along the 

Gulf of Mexico (Fig. 6; see also O’Neil 1949).  Hydrologic alterations coupled with natural events, 

including Hurricane Audrey (1957), contributed to the conversion of the Chenier Plain marshes to 

a more Spartina patens (marsh wiregrass) dominated marsh with large areas of open water 
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(Chabreck and Linscombe 1997).  The habitat changes over the past 50 years were documented in 

a series of habitat maps by Chabreck et al. (1968), Chabreck and Linscombe (1978, 1988, and 

1997), Linscombe et al. (2001), and Sasser et al. (2008 and 2014) (Fig. 4).  While marsh 

communities near the CSC and SNSC have become more saline, in general, there was a freshening 

trend in the southern portion of the basin from 1949 to 1997.  This freshening was due in part to a 

large (26,370 acre, 10,670 ha) freshwater impoundment managed by the SABINE NWR; however, 

the Sabine Pool converted from fresh to intermediate marsh between 2007 and 2013.  A band in 

the central portion of the basin has shifted back and forth from intermediate to fresh marsh over 

the mapping periods (Fig. 4).  Vegetative assemblages within the CS Basin are dynamic.   

 
Figure 4.  Wetland habitat types based on historical vegetation surveys of the Calcasieu-Sabine 

Basin (O’Neil 1949, Chabreck et al. 1968, Chabreck and Linscombe 1978, 1988, and 1997, 

Linscombe et al. 2001, and Sasser et al. 2008 and 2014). 
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3. Land Change  

From 1932 to 2016, the CS Basin lost approximately 25 % (~200 mi2) of its coastal wetlands based 

on land area analyses of 30 m2 resolution imagery using historical U.S. Army Corps of Engineers 

(USACE) land loss data, aerial photography data, and satellite imagery data classified into 

land/water categories (Couvillion et al. 2017).  The land area data was converted to percent land 

relative to 1932 and parsed out to five main time periods (Fig. 5).  From 1932 to 1956, land change 

was slow, -0.07 %/yr (-0.6 mi2/yr), after the construction of the navigation canals. From 1956 – 

1985, land change was -0.88 %/yr (-7.2 mi2/yr) for a prolonged period of time as impacts 

accumulated from storm surge impacts of Hurricanes Audrey (1957) and Carla (1961), 

enlargement of shipping channels, increased petroleum field activity, and construction of large 

impoundments.  From 1985 through 2004, land change sporadic with a small net change of +0.06 

%/yr (+0.5 mi2/yr).  There were few disturbances (e.g. tropical storms and canal creation), more 

regulated marsh management (Cahoon and Groat 1990), and 10 years of hydrologic restoration 

mainly via the Coastal Wetlands Planning, Protection, and Restoration Act (CWPPRA).  Land 

change sharply declined (-2.20 %/yr, -18.1 mi2/yr) from 2004 through 2009 due to Hurricanes Rita 

(2005) and Ike (2008).  From the low point in 2009 following the hurricanes, land change increased 

0.87 %/yr (7.1 mi2/yr) as the areas recovered from storm damage and  dredge material was added 

around the CSC and in marsh creation projects (Fig. 5) during a period of low tropical storm 

activity and continued restoration efforts.  

 
Figure 5.  Land area in the Calcasieu-Sabine Basin 1932-2016 (adapted from Couvillion et al. 

2017).  Rates and R2 calculated from linear regressions of time period of interest; no linear 

regression was calculated from the two points of 1932 – 1956.  Hurricanes Audrey, Carla, Rita, 

and Ike were in 1957, 1961, 2005, and 2008, respectively. 
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Local marsh managers and coastal scientists have suggested that land loss in the CS Basin was due 

primarily to the factors listed below (Lehto et al. 1994, LCWCRTF 2002, USACE 2016).   

Saltwater Intrusion 

The introduction of high volumes of high salinity waters was attributed to the construction and 

maintenance of the CSC, the SNSC, and the GIWW in the CS Basin.  The saline water was carried 

deep into the CS Basin by canals and sheet flow, where the habitat had typically been dominated 

by freshwater marsh species that did not tolerate higher salinity water.   

Tidal Scour and Shoreline Erosion 

Navigation channels allowed water to flow more quickly through the CS Basin, resulting in 

accelerated tidal scour via the export of low-density, organic soil.  In addition, shipping traffic 

created extremely powerful wave energy, which resulted in shoreline erosion along the navigation 

channels.  As shorelines eroded, the interior marsh was exposed to more energetic, high saline 

waters that contributed to land loss thereby expanding the tidal prism.   

Oil and Gas Field Activities 

Oilfield canal construction, similar to navigation channel construction, resulted in more direct 

avenues for saltwater intrusion into the interior marsh.  The levees of oilfield canals impeded sheet 

flow across the marsh and can hydrologically isolate large areas of marsh.  The extraction of 

petroleum products increased faulting and subsidence.  Early oilfield practices allowed for 

production water to be disposed of onto the marsh which also contributed to land loss.   

Storm Tides 

Storm tides associated with Hurricanes Audrey (1957), Carla (1961), Rita (2005), and Ike (2008) 

and other tropical storms flooded over LA Hwy 82 and displaced large sections of low-density, 

organic marsh surfaces.  Water was impounded by the highway and other structures in the marsh 

causing land loss via flooding and salinity stress (Steyer et al. 2007; Steyer et al. 2010)    

Resource Management Practices  

Large areas of marsh have been impounded to increase the ability to manage water level, salinity, 

fish and game species, and pasture grazing within the impoundments.  At times, these 

impoundments have been excessively drained or remained flooded for extended periods of time 

resulting in loss of marsh vegetation and soil elevation.  When typical water levels returned, the 

substrate could not support marsh vegetation and the areas converted to open water.   

Climate Extremes 

Although anomalous, climate extremes have been catalysts to land loss, especially when they 

happen in succession.  Prolonged drought and hard freeze temperatures (<20ºF) that damaged 

vegetation were associated with the large scale decline of sawgrass (Sabine Refuge 1962 a and b; 

Valentine 1976).  A severe drought ended by prolonged flooding was noted to cause damage south 

of West Cove of Calcasieu Lake in the mid-1990s.  Lower elevations caused by soil compaction 

during the drought and draw down increased and prolonged subsequent flooding from extended 

rains and high tides that overtopped roads which further stressed vegetation (Weifenbach and Clark 

2000). 
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II. CRMS Data Analysis 

 

The Coastwide Reference Monitoring System (CRMS) -Wetlands was implemented in 2004 to 

improve the ability of coastal scientists to evaluate the effectiveness of CWPPRA’s restoration 

projects (Steyer et al. 2003) and to provide a network of sites for coastal assessment at multiple 

scales.  CRMS is a network of 392 monitoring sites, each of which can be used to assess trends 

and trajectories at site, project, basin, regional or coast wide scales.  Data types collected at CRMS 

sites include hourly surface water hydrology (water level, salinity, and temperature), vegetation, 

physical soil characteristics, discrete pore water, marsh surface elevation, accretion, and land:water 

analysis of the 1 km2 area encompassing the site (Folse et al. 2008, rev 2018).  Available data from 

2005 through 2017 from CRMS sites are described below to assess the status of the CS Basin. 

A. Coastal Scale Assessment 

The Louisiana coastal zone was divided to compare the CS Basin to other Chenier Plain basins 

(Mermentau and Teche-Vermilion), the active Deltaic Plain (Atchafalaya and Mississippi River 

Basins), and inactive Deltaic Plain (Terrebonne, Barataria, Breton Sound, and Pontchartrain 

Basins).  Because the CS Basin does not have CRMS sites in wetlands characterized as floating 

marsh or swamps, only attached marsh CRMS sites were used in the coastal scale assessments.  

The coastal regions vary in size and number of CRMS sites (Table 1).   

Table 1.  Number of attached marsh CRMS sites in each coastal region  

Coastal Region Number of CRMS Sites 

Calcasieu-Sabine (CS) Basin 40 

Mermentau (ME) Basin 49 

Teche-Vermilion (TV) Basin 32 

Active Deltaic (AD) 19 

Inactive Deltaic (ID) 133 

 

1. Land Change and Elevation 

From 30 m2 resolution imagery, land area data over time from Couvillion et al. (2017), which was 

modeled from spline functions for each basin, was converted to percent land of 1932 to account 

for size differences among the regions.  Overall wetland loss in the CS Basin was among the 

highest of the regions, as the CS Basin lost 26.8% of its coastal wetlands since 1932 while the 

entire coast of Louisiana lost 26.4% (Couvillion et al. 2017).  Percent land change per year was 

calculated for the overall (1932 – 2016) and recent (2004 – 2016) time periods to compare percent 

land-change rates among the coastal regions (Fig. 6).  We used 2004 - 2016 for the recent time 

frame to correspond to the CRMS data collection period.  The loss rate in the CS Basin slowed by 

0.23 %/y, approximately 70%; although quite variable, the coast-wide loss rate slowed by 0.16 

%/y, approximately 50% (Fig. 6).  The neighboring ME Basin is the only region that did not see 

land loss slow, most likely due to ongoing Gulf of Mexico shoreline erosion.  Losses in the Active 

Delta region were driven by the Mississippi River Basin as the Atchafalaya Basin gained land 

during both time periods.  Losses continued more slowly in the eroding Inactive Delta (Couvillion 

et al. 2017). 
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Figure 6.  Percent wetland area change rates were calculated for overall (1932 - 2016) and recent 

(2004 – 2016, CRMS era) time periods among the regions of the Louisiana coastal zone.  Land 

area data modeled from spline functions were adapted from Couvillion et al. 2017. 

 

At a CRMS site scale, land and water area from the 1 km2 CRMS sites were delineated from 1-m2 

resolution imagery (Couvillion et al. 2018 a and b).  The CS Basin lost about 5% of attached marsh 

wetland area between 2005 and 2016, whereas ME and TV Basins and Inactive Delta maintained 

wetland area.  The Active Delta gained ~8% wetland area (Fig. 7).   

 
Figure 7.  Percent land area at attached marsh CRMS sites (mean ± 1 SE) over time in regions of 

coastal Louisiana (CS is Calcasieu-Sabine Basin, n=40; ME is Mermentau Basin, n=49; TV is 

Teche-Vermilion Basin, n=32; AD is Active Delta, n=19; ID is Inactive Delta, n=133). 
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Marsh elevation in the CS Basin is within the range of other coastal regions (Fig. 8A); however, 

elevation capital, the difference between elevation and mean water level, averaged < 0 and was 

among the lowest in the CS Basin (Fig. 8B).  The CS Basin was the only region in coastal Louisiana 

where the majority of sites were losing elevation (Fig. 8C).  The ME Basin saw a lot of elevation 

loss during the 2011 drought, most of which has been regained as the organic marsh was flooded 

and expanded (Mouledous et al. 2016); this rebound has not occurred in the CS Basin.  The 

Submergence Vulnerability Index (SVI, developed by the CRMS Analytical Team) incorporates 

marsh surface elevation, elevation change, and water elevation range measured at each site along 

with global eustatic sea-level rise to assess the likelihood that a site will become submerged in the 

next five years.  A site is scored (0-100) and can be interpreted as the percent of time a site will 

not be flooded if observed trends continue for five years; higher scores are more favorable, whereas 

lower scores are less favorable (Stagg et al. 2013).  Based on the average marsh elevations and 

low elevation change rates, the CS Basin is currently the second most vulnerable region to 

submergence in the next five years (Fig. 8D) and is the only region experiencing a net loss of 

elevation (Fig. 8C).   

 

 
Figure 8.  (A) Marsh elevation surveyed 2014, (B) marsh elevation capital, (C) marsh elevation 

change (late 2000s – 2017), and (D) Submergence Vulnerability Index (SVI) through 2017 in 

regions of coastal Louisiana (CS is Calcasieu-Sabine Basin, n=40; ME is Mermentau Basin, n=49; 

TV is Teche-Vermilion Basin, n=32; AD is Active Delta, n=19; ID is Inactive Delta, n=133).  

Values are means ± 1SE. 
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2. Hydrology 

Values from the Hydrologic Index (HI) were used to compare hydrologic conditions among the 

regions.  The HI assesses the suitability of two critical aspects of wetland hydrology, average 

salinity and percent time flooded, in regulating vegetation primary productivity according to a 

site’s specific marsh type (swamp, fresh, intermediate, brackish, and saline) (Fig. 9).  The HI scores 

are scaled 0 to 100 allowing for comparisons across marsh types (for more HI details, see Snedden 

and Swenson 2012).  Most CRMS sites were fully operational by 2008, therefore this assessment 

is based on CRMS data from 2008 to 2017.  

 
Figure 9.  Proportion of maximum vegetation productivity as a function of average annual salinity 

(left) and percent time flooded (right) by marsh type (Adapted from Snedden and Swenson 2012). 
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Over time, the CS Basin has consistently had the lowest HI scores among regions, averaging a 

poor quality HI score, interpreted as only supporting 41.3% of the potential vegetation primary 

productivity from 2008 through 2017 (Fig. 10A).  The low HI was attributable to relatively higher 

salinities in 2009-2012 (Fig. 10B) and increased percent time flooded in 2015-2017 (Fig. 10C).  

The dynamics within the CS Basin in regard to salinity and percent time flooded distinguishes it 

from the other regions which are more consistent over time. 

 

 

Daily tidal amplitude, the difference between mean high and low water elevations, in coastal 

Louisiana averages about 0.5 ft which is well below the threshold for micro-tidal coastal systems 

of 6 ft (Hayes 1979).  Within this setting, the CS Basin typically has a mute tidal amplitude <0.1 

ft (Fig. 11) due to elevated chenier ridges along the coast line and hydrologic modifications 

intended to protect the wetlands from tidal influences.  High (90th percentile) water levels in the 

CS Basin are similar to other regions; however, low (10th percentile) water levels in the CS Basin 

are higher than most regions (Fig. 12).  The elevated, low-water levels indicates a limited capacity 

for drainage.  When water levels increased coast-wide in 2016 (Fig. 12), the impact was most 

severe in the CS Basin.  Inundation increased coast-wide but it increased disproportionately in the 

CS Basin (Fig 10C).  The increased hydroperiod in the CS Basin was likely caused by a 

combination of drainage limitations coupled with high Gulf of Mexico water levels (Fig. 3) and 

the input of flood water associated with Toledo Bend Reservoir releases down the Sabine River 

(Appendix B).   
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Figure 11. Tidal amplitude at attached marsh CRMS sites (mean ± 1 SE) over time in regions of 

coastal Louisiana (CS is Calcasieu-Sabine Basin, n=40; ME is Mermentau Basin, n=49; TV is 

Teche-Vermilion Basin, n=32; AD is Active Delta Plain, n=19; ID is Inactive Delta Plain, n=133). 

 
Figure 12.  High (90th percentile) and low (10th percentile) water elevations of annual records at 

attached marsh CRMS sites (mean ± 1 SE) over time in regions of coastal Louisiana (CS is 

Calcasieu-Sabine Basin, n=40; ME is Mermentau Basin, n=49; TV is Teche-Vermilion Basin, 

n=32; AD is Active Delta Plain, n=19; ID is Inactive Delta Plain, n=133).  
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1. Vegetation 

Percent vegetation cover, height, and species assemblage are collected annually CRMS sites to 

assess vegetation based on indexes developed by the CRMS Analytical Team.  The Vegetation 

Volume Index (VVI) assess vegetation structure irrespective of the species composition by 

calculating the estimated volume of vegetation and indexing that value relative to the marsh type 

represented by the CRMS site (see Wood et al. 2015 for more information).  The Floristic Quality 

Index (FQI) estimates the quality of a wetland using a plant species’ tolerance to disturbance and 

fidelity to a marsh type (Coefficient of Conservatism, CC).  For each station, species’ CC scores 

(0-100) are averaged and weighted by their relative abundance; the ten stations are then averaged 

for each CRMS site (see Cretini et al. 2012).   

Coast wide, vegetation was stressed but recovering from strong hurricanes in 2005 and 2008 (Fig. 

13 A).  The CS Basin demonstrated vegetation stress following excessive flooding in 2016 (Figs. 

13 and 10C).  The VVI in the CS Basin varied similarly to other non-active delta regions over 

different years (Fig. 13B), driven by regional climatological patterns (e.g. rainfall, drought, water 

levels).  The higher FQI scores of the CS and ID are indicative of the consistency of dominant 

species in brackish and salt marshes, while the moderate FQI scores in the ME and AD are 

indicative of higher species variation in the fresh and intermediate marshes (Fig. 13C).  The high 

VVI and low FQI scores in the AD basins are due to Phragmities australis (Roseau cane), a tall 

and invasive plant; the height directly increases the VVI score while the invasive status directly 

decreases the FQI score. 
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B. Calcasieu-Sabine Basin Assessment    

The CS Basin is hydrologically complex with many local-scale modifications resulting from the 

basin-scale modifications that increased Gulf of Mexico tidal influences and hydrologically 

connected the Sabine and Calcasieu basins.  The USDA identified 47 units between the Sabine 

and Calcasieu Lakes used for CWWPRA planning efforts (Lehto 1994; CWPPRA 1992).  The 

area to the east of Calcasieu Lake, which includes Cameron Prairie NWR, is heavily managed with 

structures along the lake and impounded by the GIWW levees to the north, LA Hwy 27 to the east, 

and cheniers and LA Hwy 82/27 to the south.  

Within the CS Basin, there are 46 CRMS sites spread across hydrologic units and marsh types.  In 

order to group sites in an ecologically meaningful manner for further analysis, a cluster analysis 

was performed on a suite of variables from 45 sites which yielded four distinct groups.  

CRMS6302, in a new marsh creation area that has not completely settled, was identified as an 

outlier and excluded from this analysis.   

1. Cluster Analysis into Ecological Groups 

In order to select variables from an array of potential variables for the cluster analysis grouping 

exercise, CRMS variables had to be filtered and reduced from a comprehensive list of 28 

potentially collinear spatial, soils, hydrology and vegetation variables to a suite of influential 

variables (Table 2).  The comprehensive list of variables were introduced into a Principal 

Component Analysis (PCA) using JMP 13.2.1 (SAS Institute Inc. 2016).  The dataset was log 

transformed to correct for normality and skewness; however, this did not alter the final variable 

selection and was removed to reduce interpretive complexity.  The PCA utilized a varimax rotation 

and minimum eigenvalues of ~1.0, known as the Kaiser Rule (Hair et al., 1998).  Ten (10) of the 

original 28 variables yielded three components with eigenvalues of 3.43, 2.62, and 1.49 capturing 

75.4% of the variation in the data set.  This was done to both reduce multicollinearity (i.e. inter-

association among variables) and separate process and response variables in the data set.  Some 

response variables with similar values in the PCA were conserved for the broader context of project 

planning, basin-scale project implementation, and restoration information. 

The variables that went into the cluster analysis included spatial aggregation (i.e. marsh intactness; 

see Couvillion et al 2016), change in aggregation, land change percent and land change rate, marsh 

elevation, tidal amplitude, minimum water elevation, annual flood duration, mean water elevation, 

and mean salinity.  No vegetation variables were selected by the PCA.   

A cluster analysis of CRMS sites was performed on the 10 process variables selected by the PCA 

in order to define ecological groupings of the CRMS sites across the CS Basin.  This cluster 

analysis used Wards Method of Hierarchical Clustering, to group the CS Basin CRMS sites into 

classes for analysis purposes (Ward 1963). Ward's minimum variance criterion minimizes the total 

within-cluster variance while maximizing the between cluster variance, this increase is a weighted 

squared distance between cluster centers.  There were potentially as many as six distinct groups 

depending on where the threshold for clustering was set.  The first four were selected for further 

interpretation (Table 3; Figs. 14-16), and the four classes were also considered distinct according 

to the Cubic Clustering Criterion peak value of 2.22.   
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Table 2. CRMS-site variables originally entered into the Principal Component Analysis (PCA) 

model to determine clusters.  Highlighted rows are the process variables selected by the PCA to 

describe the ecological groupings.  

Variable 

Type 

Variable Name Frequency 

Sampled 

Used to form 

Groups 

Spatial Aggregation (%) 2016.10 path 4  Solitary Yes 

Spatial Aggregation Change (%) 1984.9 – 2016.10  Multiple Yes 

Spatial Land Change (%) 2005 - 2015  Triennial Yes 

Spatial Land Change (ac/y) 1985 – 2016 Triennial Yes 

Spatial Land (%) 2015 Solitary No 

Soils Marsh Elevation (ft NAVD88 GEOID 12A) 2014 Solitary Yes 

Soils Submergence Vulnerability Index (SVI) Semi-annual No 

Soils Cumulative Elevation Change (mm/y) Semi-annual No 

Soils Accretion (mm/y) Semi-annual No 

Soils Shallow Subsidence (mm/y) Semi-annual No 

Hydrology Tidal Amplitude (ft) 2017 Daily Yes 

Hydrology Water Level Min (ft NAVD88 GEOID 12A) 2017 Daily Yes 

Hydrology Water Level Max (ft NAVD88 GEOID 12A) 2017 Daily No 

Hydrology Water Level Avg (ft NAVD88 GEOID 12A) 2017 Daily No 

Hydrology Water Level Q10 (ft NAVD88 GEOID 12A) 2017 Daily No 

Hydrology Water Level Q90 (ft NAVD88 GEOID 12A) 2017 Daily No 

Hydrology Marsh Inundation Duration (%) 2017 Daily Yes 

Hydrology Marsh Inundation Avg (ft) 2017 Daily Yes 

Hydrology Marsh Inundation Min (ft) 2017 Daily No 

Hydrology Marsh Inundation Max (ft) 2017 Daily No 

Hydrology Surface Water Salinity Avg (ppt) 2017 Daily Yes 

Hydrology Surface Water Salinity Max (ppt) 2017 Daily No 

Hydrology Surface Water Salinity Min (ppt) 2017 Daily No 

Vegetation Total Cover (%) 2017 Annual No 

Vegetation Sum of Individual Species Cover (%) 2017 Annual No 

Vegetation Floristic Quality Index (FQI) 2017 Annual No 

Vegetation Vegetation Volume Index (VVI) 2017 Annual No 

Vegetation Plant Species Richness 2017 Annual No 
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The primary grouping division was between impounded and tidal sites, resulting in a group of 

Intact Tidal sites.  Impounded sites were further subdivided into sites that are still intact from a 

landscape perspective (higher percent land and aggregation values) and those that broken up and 

have less land (i.e. degraded sites), resulting in a group of Degraded Impounded sites.  Intact 

impounded sites were further subdivided into sites with higher and lower elevation, resulting in 

the final two groups of Intact Higher and Lower Impounded sites (Table 3, Fig. 14).    

 

Table 3.  Four groups of CRMS sites identified by the hierarchical clustering analysis identified 

four groups of CRMS Sites. 

Group Name Description 

Intact Tidal (IT) Some tidal amplitude (>0.2 ft), highest elevation, elevation 

gain, intact landscape 

Intact Higher Impounded (IHI) Very little tidal amplitude (<0.05 ft), higher elevation, 

elevation loss, intact landscape, flooded 

Intact Lower Impounded (ILI) Very little tidal amplitude, lowest elevation, elevation loss, 

intact landscape, lower salinity 

Degraded Impounded (DI) Very little tidal amplitude, low elevation, elevation loss, 

chronically flooded, disaggregated landscape 

 

 
Figure 14.  Dendrogram of a hierarchical clustering algorithm using Ward’s method of variance 

augmentation to cluster groups of CRMS sites. 
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The CS Basin has fresh, intermediate, brackish, and saline marsh types.  The cluster analysis did 

not group sites by marsh type, as a variety of marsh types are represented in each of the CRMS 

groupings.  The Intact Tidal and Degraded Impounded groups have sites from three marsh 

vegetation types while the Intact Higher and Lower Impounded groups have sites from two marsh 

vegetation types (Table 4, Figs. 15 and 16).  Intermediate community type is present in all of the 

groupings. 

 

Table 4.  Number CRMS sites by Vegetation Type for the CRMS groupings based on the 2013 

classification (Sasser et al. 2014). 

 Marsh Vegetation Types  

CRMS Groupings Fresh Intermediate Brackish Saline Total 

Intact Tidal  3 4 2 9 

Intact Higher Impounded  9 4  13 

Intact Lower Impounded 1 4   5 

Degraded Impounded  10 5 4 18 

Total 1 26 13 6 45 

 

 

 
Figure 15.  Representative pictures from each cluster group were taken from CRMS sites in 

summer 2017 (A – CRMS0685, B – CRMS0651, C – CRMS1838, D – CRMS0672). 
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Figure 16.  Coastwide Reference Monitoring System-Wetlands (CRMS) sites by cluster analysis groups within the Calcasieu-Sabine 

Basin.
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The variables that contributed to the cluster groups were from two main data types, land form (land 

change, structure, and elevation) and hydrology (tidal amplitude, water level, marsh inundation 

and salinity).  Values by group for each contributing variable are presented as a summary in Table 

5 and graphically in Figs. 17 – 22). 

Table 5. The mean class data for the ten variables that formed the four CRMS-site group clusters 

with number of CRMS sites per group: Intact Tidal (IT), Intact Higher Impounded (IHI), Intact 

Lower Impounded (ILI); and Degraded Impounded (DI) marshes. Values are means and 1 standard 

deviation for the variables. 

Group CRMS 

Sites 

(n) 

Land Change 

Rate (ac/y)   

1985 – 2016  

Land 

Change (%) 

2005 – 2015  

Aggregation 

Change (ac) 

1985 – 2016   

Aggregation 

2016 (%) 

Marsh 

Elevation  

(ft, NAVD88 

GEOID 12A) 

IT 9 0.27 ± 0.45 0.2 ± 3.9 7.87 ± 13.6 77.7 ± 17.2 0.89 ± 0.23 

IHI 13 1.07 ± 1.99 0.3 ± 3.9 13.64 ± 21.6 91.5 ± 12.4 0.74 ± 0.19 

ILI 5 -0.12 ± 0.18 -5.7 ± 9.3 -4.96 ± 7.6 92.5 ± 7.0 0.07 ± 0.20 

DI 18 -1.69 ± 1.64 -15.8 ± 18.3 -12.78 ± 18.0 50.2 ± 17.0 0.53 ± 0.18 

Continued 

Group CRMS 

Sites 

(n) 

Tidal 

Amplitude (ft) 

Water Level Min  

(ft, NAVD88 

GEOID 12A) 

Marsh 

Inundation 

(% Time) 

Avg Marsh 

Inundation 

Depth (ft) 

Salinity Avg 

(ppt) 

IT 9 0.274 ± 0.173 -0.31 ± 0.57 54.9 ± 16.4 0.14 ± 0.17 5.65 ± 3.76 

IHI 13 0.007 ± 0.007 0.38 ± 0.28 85.7 ± 10.4 0.45 ± 0.15 2.56 ± 1.06 

ILI 5 0.011 ± 0.027 0.14 ± 0.25 97.6 ± 3.8 0.84 ± 0.20 1.59 ± 1.34 

DI 18 0.023 ± 0.173 -0.04 ± 0.27 83.0 ± 8.4 0.46 ± 0.14 4.66 ± 3.38 
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Figure 17.  Land Change Rate 1985-2016 (A) and Land Change 2005-2016 (B) were among 

significant variables that formed the four CRMS-site group clusters. Values are means ± 1SE.  
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Figure 18.  Marsh Aggregation 2016 (solid columns) and Aggregation Change 1985-2016 (hashed 

columns) were among significant variables of the four CRMS-site group clusters.  Values are mean 

±1SE; positive change indicates marsh aggregation while negative change indicate disaggregation. 

 

 
Figure 19.  Marsh Elevation (ft and cm, NAVD88 Geoid12A) in 2014 was among significant 

variable of the four CRMS-site group clusters.  Values are means ± 1SE. 
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Figure 20.  Tidal Amplitude (A) and Minimum (10th Percentile) Water Level (B) in 2017 were 

among significant variables of the four CRMS-site group clusters. Values are means ± 1SE. 
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Figure 21.  Marsh Inundation Depth and Duration in 2017 were among significant CRMS 

variables that formed the four CRMS-site group clusters. Values are means ± 1SE. 

 

 
Figure 22.  Surface Water Salinity (ppt) in 2017 was among significant variables that formed the 

four CRMS-site group clusters. Values are means ± 1SE.  
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2. Land Change and Elevation 

Land-water classification within each 1-km2 CRMS-Wetlands site is calculated from color-

infrared aerial photography acquired for coastal Louisiana (Folse et al. 2008, rev 2018).  Land-

water was classified in years 2005, 2008, 2012, and 2015.  Throughout the 2005-2015 time period, 

the Intact Lower and Higher Impounded groups had greater composition of land (88% land) than 

the Intact Tidal (69%) and the Degraded Impounded (45%) groups.  All CRMS site groupings lost 

land from 2005 to 2008 commensurate with Hurricanes Rita (2005) and Ike (2008) with the 

greatest loss, ~10%, occurring in the Degraded Impounded group.  The Degraded Impounded and, 

to a lesser extent, the Flooded Fresh Impounded groups continued to lose land through 2015.  The 

Intact Tidal and Higher Impounded groups rebounded after 2008 to maintain their percent land by 

2015 (Fig. 23). 

 

 
Figure 23.  Percent land at CRMS sampling areas among CRMS site groupings were mapped from 

2005 - 2015.  Values are mean ± 1 SE. 

 

Land change from 2005 to 2015 at CRMS sites ranged -53 % (loss) to 8.6 % (gain) (Fig. 24).  On 

average, Intact Higher Impounded and Intact Tidal sites gained 1.07 and 0.26 ac/y, respectively, 

while Intact Lower Impounded and Degraded Impounded sites lost 0.11 and 1.70 ac/y, 

respectively, from 1985-2016 (Fig. 17A). 



27 
 

 
Figure 24.  Percent land change at each CRMS site in the Calcasieu-Sabine Basin from 2005-

2015. 

Landscape configuration, the interspersion of land and water within a wetland landscape, is an 

important indicator of future land change as fragmentation increases wetland vulnerability to 

future land loss (Couvillion et al. 2016).  Using multi-temporal, satellite imagery (30 m2 

resolution), Couvillion et al. (2016) developed a landscape aggregation index of coastal wetlands 

in Louisiana; because of the large resolution imagery, differences and trends over time are more 

informative than any one image.  On average from 1985 to 2016, the Intact Tidal and Intact Higher 

Impounded marshes aggregated 0.25 and 0.44 %/yr, respectively; conversely, the Intact Lower 

Impounded and Degraded Impounded marshes disaggregated -0.16 and -0.41 %/yr, respectively 

(Figs. 18 and 25). 
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Figure 25.  Percent aggregation change at each CRMS site in the Calcasieu-Sabine Basin from 

1985 - 2016. 

 

Based on an elevation survey of CRMS sites conducted in 2014, marsh elevation ranges from 0.17 

ft (-5.2 cm) to 1.21 ft (36.9 cm) NAVD88, GEOID 12a with an average elevation of 0.61 ft (18.6 

cm) which is higher than the Mermentau basin, lower than the Teche-Vermilion Basin and similar 

to the deltaic plain (Figs. 8A, 19, and 26).  Marshes in the Intact Tidal and Intact Higher Impounded 

sites are at higher elevations, the Degraded Impounded sites are just below average marsh elevation 

for the basin, and the Intact Lower Impounded sites are typically among the lowest among the 

groups of CRMS sites (Table 5, Fig. 19).   
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Figure 26.  Marsh elevations surveyed in 2014 at each CRMS site in the Calcasieu-Sabine Basin.  

Marsh elevation capital is the elevation of marsh relative to average water elevation; positive 

values are above average water elevation while negative values are below.  Intact Tidal sites 

averaged above the average water elevation while impounded sites averaged below (Fig. 27A).  

Among the Impounded sites, the Intact Higher sites averaged just below average water elevation, 

Degraded sites averaged about 4 cm (~0.1 ft) below, and the Intact Lower sites averaged about 12 

cm (~0.4 ft) below.  In addition to being low in elevation and sitting low in the tidal frame, CRMS 

sites in the CS Basin overall lost elevation by -0.86±5.20 mm/y which is much less than 5.86±0.74 

mm/y of relative sea-level rise (RSLR) reported for Sabine Pass, TX (Center for Operational 

Oceanographic Products and Services, CO-OPS, 2019).  On average, the Tidal Intact group is 

slightly building elevation, about as much as the Intact Higher Impounded and the Degraded 

Impounded groups are sinking; and, the Intact Lower Impoundment is sinking the most on average 

but has highly variable elevation change (Fig. 27B).  The differences in elevation change are 

associated with differences in flood stress (Fig. 21), as more flood stress typically results in less 

root production (Mendelssohn et al. 1981; McKee et al. 1989; Snedden et al. 2015) and organic 

matter accumulation in the soil (Bryant and Chabreck 1998).  Given the high variability of the 

marsh elevation variables and complex hydrology of the CS Basin, it is important to assess 

vulnerability to submergence at the site scale.  The Submergence Vulnerability Index (SVI) 

https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?id=8771450
https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?id=8771450
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incorporates marsh surface elevation, elevation change, and water elevation range measured at 

each site along with global eustatic sea-level rise to assess the likelihood that a site will become 

submerged in the next five years.  A site is scored (0-100) and can be interpreted as the percent of 

time a site will not be flooded if observed conditions continue for five years; higher scores (>50) 

are more favorable, whereas lower scores (<50) are less favorable (Stagg et al. 2013).  Intact Tidal 

sites are the least vulnerable to submergence with their surface elevations projected to be in the 

upper 20th percentile of water levels.  Marsh surfaces in the Intact Higher and Degraded Impounded 

sites are projected to be in upper third of water levels.  The Intact Lower Impounded sites, which 

were much more variable, were typically below the 50th percentile and averaged around the 25th 

percentile (Fig. 27C).   

 
 

3. Water Level/Inundation 

Lined with cheniers and only two openings connected to the Gulf of Mexico (Sabine and Calcasieu 

Passes), the CS Basin is micro tidal with an average tidal amplitude of 0.07±0.02 ft, and has the 

lowest tidal amplitude across the coastal zone because of the predominance of hydrologic 

impoundments in the basin (Fig. 11).  A main division among the CRMS groups is tidal amplitude; 

the Intact Tidal sites are typically along large water bodies connected to the Gulf of Mexico, while 

Impounded sites are separated from these water bodies by some sort of water control structure or 

land feature (Fig. 28).  The average minimum water levels (10th percentile) in the CS Basin are 

0.62 ft NAVD88 Geoid12A; the lowest water levels are in the Intact Tidal sites while the highest 

minimum water levels are in the Intact Higher Impounded sites (Fig. 29). 
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Figure 28.  Daily tidal amplitude in 2017 at each CRMS site in the Calcasieu-Sabine Basin. 

 
Figure 29.  Minimum water elevation of CRMS groupings in the Calcasieu-Sabine Basin over 

time.  Values are means ± 1 SE. 
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Marsh surface elevation and tidal amplitude both affect flooding.  The Intact Tidal sites have been 

flooded the least, as they are able to drain, while the Intact Lower Impounded sites, which have 

the lowest elevations, have been flooded the most.  Since 2008, water levels typically average near 

the marsh surface at Intact Tidal sites, ~0.15 ft over the marsh at Intact Higher and Degraded 

Impounded sites, and about 0.3 ft over the marsh in th Intact Lower Impounded sites.  All sites had 

decreased flooding in 2010 and 2011 during a drought.  During recent wet years (2016 and 2017), 

average level of flooding increased in all groups with Intact Lower Impounded sites approaching 

0.9 ft of flooding (Fig. 30A); in addition to the high rainfall, Toledo Bend Reservoir was also 

released which contribute to water levels in the Sabine portion of the CS Basin (see Appendix B).  

In 2017, the Intact Tidal sites were flooded an average of 55% of the time; conversely, the Intact 

Lower Impounded sites were flooded 97% of the time, and the other Impounded sites were flooded 

~84% of 2017 (Figs. 21, 30B and 31).  In terms of maintaining productivity, fresh and intermediate 

vegetation have a greater tolerance for flooding, saline vegetation is less tolerant than fresh and 

intermediate, and brackish vegetation is the least tolerant (Fig. 9).  Brackish and saline plant 

species are better suited for the tidal environments than flooded impoundments, whereas fresh and 

intermediate species are more tolerant of flooded impoundments. See Table 4 for a distribution of 

marsh types by groupings.   

 
Figure 30.  Annual precipitation and marsh inundation depth (A) and duration (B) of CRMS 

groupings in the Calcasieu-Sabine Basin over time.  Marsh inundation values are means ± 1 SE. 
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Figure 31.  Percent time inundated in 2017 at each CRMS site in the Calcasieu-Sabine Basin. 

4. Salinity 

In general, the CRMS groupings followed similar patterns of average annual salinity, tracking 

indirectly with annual total precipitation over time.  An exception to this trend was the Intact Lower 

Impounded sites, which are more often flooded, not spiking in salinity during the 2010-2011 

drought (Fig. 32).  During the 2011 drought, a Degraded Impounded site on Cameron Prairie NWR 

(CRMS0648), had a maximum salinity of 56 ppt.  Since 2012, the Intact Tidal and Degraded 

Impounded groups have higher salinities than the Intact Impounded sites with the Intact Lower 

Impounded sites typically having the lowest salinity (Fig. 33).  Lower salinity prevents Intact 

Lower Impounded sites from converting to Degraded Impounded sites as more salt tolerant species 

would not be able to tolerate the flooding.  Average salinities were greatest at sites connected to 

Calcasieu Lake in 2017 (Fig. 33) but below concentrations necessary to reduce vegetation 

production in brackish and saline marsh types within the Intact Tidal and Degraded Impounded 

groups (Fig. 9 and Table 4).   
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Figure 32.  Average salinities by year of CRMS groupings (mean ± SE) and annual precipitation 

within the Calcasieu-Sabin Basin.   

 
Figure 33.  Average 2017 salinities (ppt) at each CRMS site in the Calcasieu-Sabine Basin. 
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5. Vegetation 

Vegetative patterns existed among the groups although vegetation variables did not contribute to 

the cluster groupings.  The Intact Tidal group typically has maintained a high percent cover since 

recovering from the 2005 and 2008 hurricanes (Fig. 34).  These sites also tend to have lower 

species richness with higher salt tolerant plants that prefer fluctuating water levels (Fig. 20A).  

Vegetative cover within the Intact Higher Impounded group is responsive to the previous year’s 

conditions as decreases occur after stressful years (eg. hurricanes, floods, droughts) followed by 

steady recovery.  These sites tend to have an intermediate-brackish marsh composition with 

Spartina patens having the greatest cover of any single species (Fig. 35).  The Intact Lower 

Impounded group typically has shown a reduction in vegetative cover compared to the Intact 

Higher Impounded group and has failed to recover from stressful situations as effectively.  These 

sites tend to have a fresher-to-intermediate plant community with a more flood tolerant species, 

such as Scheonoplectus californicus, as dominant species and a reduced occurrence of Spartina 

patens (Fig. 36).  Vegetative cover in the Degraded Impounded group has declined during the 

recent, high-inundation years (Figs. 37 and 30).  Most species in the group, including the 

predominant Spartina patens and associated brackish species, are suited for higher elevations (i.e. 

less flood tolerant) which is a reason why these sites have disaggregated (Fig.18) after years of 

chronic inundation (Fig. 30).   

 

 
Figure 34.  Plant species, cover, and Floristic Quality Index of a representative CRMS site 

(CRMS0685) from the Intact Tidal group.  “Other” represents species with less than 3% cover.  

Chart acquired from https://lacoast.gov/chart/Charting.aspx?laf=crms on April 04, 2019. 

 

https://lacoast.gov/chart/Charting.aspx?laf=crms
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Figure 35.  Plant species, cover, and Floristic Quality Index of a representative CRMS site 

(CRMS0651) from the Intact Higher Impoundments group.  “Other” represents species with less 

than 3% cover.  Chart acquired from https://lacoast.gov/chart/Charting.aspx?laf=crms on April 04, 

2019. 

 

 
Figure 36.  Plant species, cover, and Floristic Quality Index of a representative CRMS site 

(CRMS1838) from the Intact Lower Impounded group.  “Other” represents species with less than 

3% cover.  Chart acquired from https://lacoast.gov/chart/Charting.aspx?laf=crms on April 04, 2019. 

 

https://lacoast.gov/chart/Charting.aspx?laf=crms
https://lacoast.gov/chart/Charting.aspx?laf=crms
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Figure 37.  Plant species, cover, and Floristic Quality Index of a representative CRMS site 

(CRMS0672) from the Degraded Impounded group.  “Other” represents species with less than 3% 

cover. Chart acquired from https://lacoast.gov/chart/Charting.aspx?laf=crms on April 04, 2019. 

 

The CS Basin had a below average VVI of ~45 for 2008-2017.  The average VVI among CRMS 

groupings for the CS Basin has changed over time in response to environmental stimuli (Fig. 38) 

as average scores ranged from 29 to 62 and volumes ranged from 1.77 to 4.26 m3.  From 2008-

2017, the Degraded Impounded group has consistently had the lowest VVI (Fig. 38) with one site 

as low as 9 in 2017 (Fig. 39).  Since the 2011 drought, VVI has declined in the Intact Lower 

Impounded and Degraded Impounded groups, whereas the Intact Tidal and Intact Higher 

Impounded groups fluctuated with marked increases in 2015 and 2017 (Fig. 38).  This displays a 

general trend of increased VVI during the lower-water years and reduced VVI during higher-water 

years, with the exception of the Intact Higher Impounded group in 2015.  

 

https://lacoast.gov/chart/Charting.aspx?laf=crms
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Figure 38.  Average Vegetation Volume Index (VVI) scores by year of CRMS groupings (mean 

± SE) and annual precipitation within the Calcasieu-Sabin Basin. 

 

 
Figure 39.  Vegetative Volume Index in 2017 at each CRMS site in the Calcasieu-Sabine Basin. 
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6. Synthesis 

Currently in the CS Basin, chronic flooding is more of a stressor on plant communities than higher 

salinities as most sites have some salt tolerant species such as Spartina patens and Distichlis 

spicata within their plant communities and in these recent wet years, marshes have been relatively 

fresher.  Within the Intact Tidal and Degraded Impounded groups, average salinities were below 

concentrations necessary to reduce vegetation production in brackish and saline marsh types (Figs. 

33 and 10).  In terms of maintaining vegetative productivity, and thus organic mattter contributions 

to the soil, fresh and intermediate vegetion have a greater tolerance for flooding, while brackish 

and saline vegetion are less tolerant, respectively (Fig. 10).  Brackish and saline plant species are 

better suited for intertidal enivironments which are regularly innundated and drained, whereas 

fresh and intermediate species are more tolerant of consistently flooded impoundments.  Saline 

and brackish vegetation in flooded impoundments, which are mostly found in the Degraded 

Impounded sites, are typically flood stressed to the point of low productivity resulting in greater 

elevation and land loss, especially during high-energy storm events.  Lower salinity prevents Intact 

Lower Impounded sites from converting to Degraded Impounded sites as more salt tolerant species 

would not be able to tolerate the deeper and prolonged inundation.   
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III. Sabine River and Toledo Bend Reservoir Releases 

A. Flooding after Hurricane Harvey 

Hurricane Harvey was a major hurricane in August 2017 as it hovered over southeast Texas and 

southwest Louisiana from August 25 – 30 (Fig. 40).  It made landfall as a Category 4 on the central 

Gulf coast of Texas (San Jose’ Island and Rockport) overnight on August 25-26, then quickly 

weakened to a tropical storm over land for a couple of days before re-entering the Gulf on August 

28.  It then meandered along the coast until making landfall on August 30 west of Holly Beach, 

LA.  Hurricane Harvey inundated SE TX and, to a lesser extent, SW LA with rainfall for six days 

as accumulations ranged from 60 inches in Nederland and Groves, TX (31 inches on 08/29/2017), 

to 17 inches in Lake Charles, LA.  Rainfall accumulations of at least 3 inches fell as far as 150 

miles north and 180 miles northwest of Sabine Lake (Toohey and Swenson 2017). 

 
Figure 40.  Hurricane Harvey rainfall accumulation and storm track from August 25 – 30, 2017 

(courtesy of the Advocate 2017; Toohey and Swenson 2017). 
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CRMS sites throughout the CS Basin were used to track water levels around the time of Hurricane 

Harvey; select sites were grouped into geographically and hydrologically similar sections of the 

Sabine sub-basin (Lake Rim, North along GIWW, and Interior-West, Southwest, East, and 

Southeast) and the Calcasieu Lake Rim (Fig. 41).  Prior to Hurricane Harvey, sites in all sections 

had < 0.5 ft of inundation.  After the passage of Hurricane Harvey on August 30, inundation and 

water levels initially peaked along the lake rims and interior sites on the west side of the CS Basin 

towards Sabine Lake, and then began to recede (Fig. 41).   

 
Figure 41.  Flooding in the western Calcasieu-Sabine Basin surrounding Hurricane Harvey and 

Toledo Bend Reservoir release.  Marsh inundation depths are daily averages of representative 

CRMS sites for each area:  Sabine Lake Rim (CRMS0669, 0684, 2189), Sabine North 

(CRMS0658, 0662, 0697), Sabine West (CRMS0660, 0683, 2154), Sabine Southwest 

(CRMS1838, 2219), Sabine East (CRMS0635, 0647, 0651, 2334), Sabine Southeast 

(CRMS0680), Sabine Lake Rim (CRMS0685, 0687). 

Rainfall from Hurricane Harvey (Fig. 40) required a controlled release of the Toledo Bend 

Reservoir (TBR) into the Sabine River from August 30 to September 4 

(https://therecordlive.com/2017/08/30/toledo-bend-opens-floodgates/?mobile=true/).  Floodwaters 

were pulled into the CS Basin marshes through the GIWW, Black Bayou and Willow Bayou 

causing secondary, and higher, water-lever peaks along the Sabine Lake rim on September 3, 

northern and western Sabine on September 4, and southwest Sabine on September 5 (Fig. 41).  

Further east from Sabine Lake, water-level changes lagged as they continued to rise after the initial 

increase from Hurricane Harvey and reached peak levels on September 6.  The Calcasieu Lake rim 

also lagged and was less inundated by the TBR release (Figs. 41 and 42).  Peak water elevations 

decreased from west to east and north to south (Figs. 41 and 42, Table 6). 

https://therecordlive.com/2017/08/30/toledo-bend-opens-floodgates/?mobile=true
https://www.louisianasportsman.com/news-breaker/gates-opened-to-relieve-pressure-on-toledo-bend-dam/
https://www.louisianasportsman.com/news-breaker/gates-opened-to-relieve-pressure-on-toledo-bend-dam/
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Figure 42.  Water levels began to rise during passage of Tropical Storm Harvey through the CS 

Basin (A), peaked after release of the Toledo Bend Reservoir (B), and then slowly receded (C).  

Note the lower water levels east of Hwy 27.  
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Tidally connected sites in the western and northwestern part of the basin drained first while water 

now trapped in the interior of the basin took much longer to drain.  Water levels at Sabine Lake 

Rim and North sites receded to 1 ft of inundation in 10 days while interior Sabine West sites needed 

a few additional days (Fig. 41).  In addition to peaking later, the interior Sabine East and Southeast 

sites needed 18 more days to recede to 1 ft inundation.  Flooding along the Sabine Lake Rim, 

North, and interior West sites receded to 0.5 ft by the end of September 2017 (Fig. 41).  East and 

Southwest Sabine locations reached 0.5 ft inundation in early November while Southeast Sabine 

remained inundated by at least 0.5 ft until late December 2017, about four months after Hurricane 

Harvey and the associated TBR release (Table 6).  The Sabine NWR water control structures were 

open from August 25, 2017 (just prior to Hurricane Harvey) until May 15, 2018 to drain excess 

water into Calcasieu Lake. 

Table 6.  Date and elevation of peak water levels during Hurricane Harvey and the associated 

Toledo Bend Reservoir release and duration of marsh inundation afterwards at CRMS sites in 

different sections of the Sabine sub-basin and Calcasieu Lake rim. 

  Peak Water Elevation Duration of 

Inundation 

Sub-basin Section Date Ft NAVD88, 

Geoid12A 

> 0.5 ft 

(# of days) 

Sabine Lake Rim 09/03/2017 4.48 27 

 North along GIWW 09/04/2017 5.00 36 

 West Interior 09/04/2017 4.79 37 

 Southwest Interior 09/05/2017 3.99 71 

 East Interior 09/07/2017 3.52 76 

 Southeast Interior 09/07/2017 3.69 124 

Calcasieu Lake Rim 08/29/2017 2.46 19 

 

B. Implications for the Calcasieu-Sabine Basin 

Although the TBR release following Hurricane Harvey was dramatic, it was not a solitary 

occurrence.  The TBR is managed conserve water for municipal, industrial, agricultural, and 

recreational purposes for both Texas and Louisiana; it is also used to power two hydroelectric 

plants (http://www.twdb.texas.gov/surfacewater/rivers/reservoirs/toledo_bend/index.asp).  TBR 

release events are evident in river discharge data from the USGS station on the Sabine River near 

Ruliff, TX (https://waterdata.usgs.gov/tx/nwis/uv?site_no=08030500) in the form of sudden 

discharge peaks (Fig. 43).  TBR releases have occurred every year from 2015 to 2019 and less 

frequently prior to 2015.  High rainfall events are anticipated to increase in frequency as a result 

of global climate change.   

 

http://www.twdb.texas.gov/surfacewater/rivers/reservoirs/toledo_bend/index.asp
https://waterdata.usgs.gov/tx/nwis/uv?site_no=08030500
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Figure 43.  Daily mean discharge in the Sabine River near Ruliff, TX.  Data acquired from 

(https://waterdata.usgs.gov/tx/nwis/uv?site_no=08030500).   

The influence of boundary conditions on inundation in the CS Basin is very important to 

understand.  As the Gulf of Mexico rises and TBR release events increase, so shall inundation CS 

Basin increase.  Near permanent inundation increases vulnerability of CS Basin marshes as it 

weakens vegetation and makes the marsh more easily removed by storm surges and vulnerable to 

other stressors.  Attention should be paid to the following:  

- New drainage solutions  

- Controlling or utilizing freshwater inputs in the northwest corner of the CS Basin 

- Preventing Sabine River water from entering the Sabine NWR canal system 

- Engineering a new hydraulic system that distributes fresh water to marshes in the western 

part of Sabine NWR and connects to Willow Bayou so that water may be drained tidally 

into the south end of Sabine Lake.      

  

https://waterdata.usgs.gov/tx/nwis/uv?site_no=08030500
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IV. Calcasieu-Sabine Basin Restoration 

 

A. Past State Restoration Projects 

Restoration in the CB basin started in the late 1970s with the installation of water control structures 

in canals connecting the West Cove of Calcasieu Lake to marshes in the Sabine NWR.  Twenty-

eight restoration projects within the CS Basin have been built since 1989 through the CWPPRA 

Program and other State funding sources (App. A; Fig. 44).  Four hydrologic restoration and four 

marsh management projects were constructed to reduce salinity intrusion and tidal scour caused 

by the shipping and navigation channels (CSC, SNSC, and GIWW).  The 10 shoreline 

protection/stabilization projects have been constructed along Sabine Lake (one project), Sabine 

NWR (one project), the GIWW (five projects), and the Gulf of Mexico (three projects).  The 

GIWW shoreline projects maintain the channel dimensions and protects adjacent marshes and 

water bodies from encroachment.  Gulf of Mexico shoreline projects help to maintain the beach 

habitat, prevent encroachment into marshes to the north, and protects LA Hwy 82.  Five marsh 

creation projects address elevation deficits resulting from large-scale marsh loss/removal; three of 

the projects have beneficially used dredged material from CSC maintenance while the other two 

projects used the Gulf of Mexico and Calcasieu Lake as dredge areas.  Terraces are used to increase 

marsh-to-water ratios and decrease wind fetch in seven projects; they are the main focus of two 

projects and a component of five projects.  Vegetative plantings are used to increase marsh in 

shallow open water areas and protect shorelines. 

Summaries of State of Louisiana coastal restoration projects are in Appendix A.  For more 

information on lessons learned, recommendations and project effectiveness for these individual 

projects, please refer to Operations, Maintenance, and Monitoring (OM&M) reports available for 

download from the Document Library at http://cims.coastal.la.gov.  Detailed project specific 

OM&M reports are produced for each project every three to five years and are the best source for 

in depth review of project goals and effectiveness.   

  

http://cims.coastal.la.gov/
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Figure 44.  Constructed protection and restoration projects in the Calcasieu-Sabine Basin.
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1. Hydrologic Restoration/Marsh Management 

Hydrologic restoration was necessary to control saltwater impacts on coastal marshes following 

installation of navigation channels that act a conduit for waters of the Gulf of Mexico into the CS 

Basin marshes.  These projects have generally been effective when constructed and operated as 

designed. The Cameron-Creole Watershed project (CS-0004A), adjacent to the southeast corner 

of Calcasieu Lake, was effective in stabilizing emergent vegetation and land loss prior to Hurricane 

Rita (Sharp and Billodeau 2007).  The storm caused land loss and damage to the infrastructure 

resulting in a loss of hydrologic control and further land loss.  The infrastructure has since been 

repaired and salinities are again being controlled.  However, recovery has been slower within the 

watershed than elsewhere in the basin due to high salinity during the 2010/2011 drought and 

persistent flooding in recent years.  The Replace Sabine Refuge Water Control Structures at 

Headquarters Canal, West Cove Canal, and Hog Island Gully (CS-0023) project west of Calcasieu 

Lake in the eastern part of the Sabine sub-basin has also been effective at curtailing salinities, but 

as in Cameron-Creole, the limited opportunities for drainage have resulted in increased water 

levels and flood stress in the project area (Miller et al. 2013).  Here, canals clogged since Hurricane 

Rita in 2005 limit the effectiveness of water control structures.   

The East Mud Lake Marsh Management (CS-0020) and Highway 384 Hydrologic Restoration 

(CS-0021) projects were effective in achieving project goals in the southwestern and northeastern 

corners of Calcasieu Lake, respectively (Fig. 44).  Relative to adjacent references, land loss was 

lowered as salinities were maintained within the target ranges (except during drought years) and 

water-level variability was effectively decreased (McGinnis and Aucoin 2015; Miller and 

Billodeau 2010).  Likewise, submerged aquatic vegetation (SAV) cover increased and intermediate 

marsh vegetation was maintained in the CS-0021 area.  Both projects reached the end of their 20-

year CWPPRA life; the CS-0020 structure controls are managed by the landowner while the CS-

0021 structure has been left in the open position as per the permit.  

The Black Bayou Hydrologic Restoration (CS-0027) project in the northwest corner of the CS 

Basin (Fig. 44) has partially met its goals.  The project met the goal of reducing salinities compared 

to the reference area, but the impoundment was not successful at increasing freshwater retention 

due to breaches in the spoil bank.  Land area within the project area has remained stable while the 

reference area lost land area suggesting the restoration features do provide some protection (Wood 

and Aucoin 2015).  

The Rycade Canal Marsh Management (CS-0002) project, an early CWPPRA project in eastern 

Sabine sub-basin (Fig. 44), was not effective in meeting project goals to reduce salinity and water 

levels within eastern Sabine sub-basin during the monitoring period (Miller 2003).  However, the 

project is directly affected by the CS-0023 project as well as by manipulation of the structures by 

persons unknown. 

2. Shoreline Protection 

Shoreline protection projects were utilized to address areas with significant erosion along the 

GIWW [Sweet Lake/Willow Lake Hydrologic Restoration (CS-0011b), Clear Marais Bank 

Protection (CS-0022), Perry Ridge Shore Protection (CS-0024), CS-0027, GIWW - Perry Ridge 
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West Bank Stabilization (CS-0030)], Gulf [GIWW - Perry Ridge West Bank Stabilization (CS-

0031), Cameron Parish Shoreline Restoration (CS-0033)], and Sabine Lake (East Sabine Lake 

Hydrologic Restoration, CS-0032) shorelines (Fig. 44).  The projects constructed along the GIWW 

and Lakes shorelines have been highly effective in reducing or halting erosion rates through the 

use of hard structures (Miller and Guidry 2011, Wood and Aucoin 2015, Miller et al. 2012; 

Mouledous, et al. 2017, Mouledous and Guidry 2016).  The Gulf of Mexico shoreline is much 

more complicated, though.  These projects employed hard structures as well as beach nourishment.  

Though initially effective in establishing a beach head that provided protection for the sensitive 

wetlands north of the chenier/beach ridge, the constructed beach is vulnerable to hurricanes and 

winter storms (Underwood et al. 1999, Mouledous et al. 2018).  Due to a lack of sediment in the 

littoral transport system, the projects are not sustainable long term without periodic nourishments.  

Segmented breakwaters allow for conservation of shoreline position, but erosion at the gaps 

hinders shoreline progradation.    

3. Marsh Creation and Terracing 

Marsh creation was utilized to create new vegetated marsh within large open water areas within 

Sabine NWR (Sabine Refuge Marsh Creation, CS-0028), Black Lake (Black Lake Supplemental 

Beneficial Use Disposal Area, CS-0034 and CS-0035 (EB)), the Oyster Bayou area (Oyster Bayou 

Marsh Restoration, CS-0059), and the Cameron Creole Watershed (Cameron-Creole Watershed 

Grand Bayou Marsh Creation, CS-0054) (Fig. 44). Collectively; these projects have created and/or 

nourished approximately 2,800 acres.  They have not only converted open water into new marsh 

but also will enhance and protect existing surrounding marsh vegetation through the reduction of 

wind fetch (Miller 2014). 

Terracing was successfully used within Sabine NWR to reduce fetch within the project area.  The 

terraces act as a wave-dampening buffer for the surrounding marsh environment and promote 

sedimentation within the terrace fields (Steyer 1993).  The terraces in the CS-0032 project (Fig. 

44) have also reduced water-level variability (Miller and White 2015). 

4. Vegetative Plantings 

Vegetative plantings are often a feature of marsh creation and shoreline protection projects.  They 

are the sole focus of the Coastwide Vegetative Plantings project (LA-39).  Vegetative plantings 

were successful in establishing Schoenoplectus californicus (California bulrush), a fresh to 

intermediate salinity tolerant plant, in shallow open-water areas as long as the plantings were 

protected from rafts of floating vegetation and extensive salinity spikes.  The plantings within these 

ideal conditions, such as north of Willow Lake, showed good survival and expansion.  Spartina 

alterniflora (smooth cordgrass) plantings, typically used in saltier conditions, had mixed results 

based on the site conditions.  The plantings within the Cameron-Creole Watershed experienced 

chronic flooding conditions and did not survive (McGinnis et al. 2017).  Within a marsh creation 

overflow area in Sabine NWR, however, smooth cordgrass showed high survival and vigorous 

growth in shallow open-water areas that did not experience extended periods of flood stress.    
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B. Land Change Before and After Restoration Implementation 

Couvillion et al. (2017) found that land change trends changed from 1932 to 2016 in two general 

movements as land loss was faster through the 1970s and slowed, thereafter (Fig. 45).  This pattern 

coincides with before and ongoing restoration timeframes among other land use changes in the CS 

Basin. 

 
Figure 45.  Land area in Calcasieu-Sabine Basin from 1932 to 2016.  The Penalized Regression 

Spline (red line) approximates the data trend within a 95% Confidence Interval (blue dashed lines).  

The effective degrees of freedom (edf) is the degree of polynomial fit, and the coefficient of 

determination statistic (R2) describes the goodness of fit of the spline (copied: Fig 3. of Couvillion 

et al. 2017). 

To assign land change rates to the two main movements, land area data from Couvillion et al. 

(2017) was converted to percent of land relative to the beginning of the period (1932), graphed 

over time, and linear regressions were run for 1932-1977 (before restoration) and 1985-2016 (after 

restoration implementation) (Fig. 46).  Land loss was 0.42 %/yr less after restoration measures.  

An important difference between these timeframes is recovery following hurricanes; Hurricanes 

Audrey (1957) and Carla (1961) occurred prior to restoration while Hurricanes Rita (2005) and 

Ike (2008) occurred after restoration efforts began.  Prior to restoration, hydraulic connections 

allowed for tidal scour from the Gulf of Mexico to agitate damaged areas and did not allow for 

recuperation following hurricanes resulting in substantial land loss.  Since restoration 

implementation, modifications of these connections reduced the tidal scour into interior marsh 

areas allowing for recuperation of damaged areas following major storm events which lead to 

decreased land loss overall as periods of land loss are followed by land gains.  This reduction of 

tidal scour should also lengthen the life span of restoration projects such as marsh creation and 

terracing as long as marsh elevation change keeps pace with sea-level rise.  Although individual 

projects have been mostly successful in achieving their project goals, assessing the cumulative 

effects of the restoration on the basin scale is difficult during this time of continued coastal 
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degradation, sea-level rise, and episodic environmental/climatological events; in addition, the 

more vulnerable land is lost before less vulnerable land.   

 
Figure 46.  Land area for the Calcasieu-Sabine Basin relative to 1932.  The trend lines depict land 

change trends before and after major restoration efforts began.  Major hurricanes are also denoted.  

Percent land area data was adapted from Couvillion et al. 2017. 

C. New Restoration Programs 

In addition to the restoration programs that have existed, new programs have been developed in 

the past decade to expand the scale of coastal restoration in the southwest Louisiana. 

Louisiana’s 2017 Master Plan proposes four (4) restoration strategies for the CS Basin:  hydrologic 

restoration along the Calcasieu Ship Channel and the GIWW just west of the CSC, marsh creation 

throughout the basin (8 sites covering 65,400 acres), shoreline protection along the Gulf of Mexico 

east of the CSC (~4 miles), and oyster reef/living shoreline in the Calcasieu and Sabine Lakes 

(CPRA 2017; see http://coastal.la.gov/our-plan/2017-coastal-master-plan/ ). 

The Southwest Coastal Louisiana Feasibility Study (SWCLFS) is a National Economic 

Development (NED) and National Ecosystem Restoration (NER) plan developed by the US Corps 

of Engineers and CPRA (SWCLFS Main Report).  Engineering and Design for the NED plan was 

http://coastal.la.gov/our-plan/2017-coastal-master-plan/
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approved for funding in January 2018; however, funding for the NER had not been secured by the 

time of this report.  Restoration features in the CS Basin include marsh creation with material 

dredged from the CSC (beneficial use of dredge material, 3 projects covering 3,287 acres) or the 

Gulf of Mexico (1 project covering 1,785 acres), shoreline protection along the Gulf of Mexico (1 

project along 8.7 miles), and Chenier Ridge Reforestation (3 projects covering 1,131 acres) 

(USACE 2016; see www.mvn.usace.army.mil/About/Projects/Southwest-Coastal/ ).  Within the 

Appendix P of the SWCLFS Main Report (Parish NER Priority Projects) is the Cameron Parish 

Master Plan which is a more comprehensive ecological restoration plan. 

A Resources and Ecosystem Sustainability, Tourist Opportunities, and Revived Economies 

(RESTORE) of the Gulf Coast States Act project, Calcasieu Ship Channel Salinity Control 

Measures, is currently being designed to address the CSC.  A project funded through the Natural 

Resources Damage Assessment (NRDA) settlement resulting from the Deep Water Horizon oil 

spill, Rabbit Island Restoration, is planning to restore nesting shorebird habitat in Calcasieu Lake.   

  

http://www.mvn.usace.army.mil/About/Projects/Southwest-Coastal/
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V. Conclusions 

 

A. Current Condition of the Calcasieu-Sabine Basin 

 

The CS Basin was relatively stable between the coastal landloss event that peaked in the 1970s 

and the landloss event that began with Hurricane Rita in 2005 (Fig. 5).  Marshes were successfully 

protected from the deleterious effects of salt water and sediment export by a system of levees and 

water control structures.  Marsh management infrastructure protects marsh from saltier water but 

it also traps water on the coastal landscape as sea levels rise.  At current sea level, opportunities 

for drainage from the managed marsh ecosystem out into coastal lakes are highly limited.  This 

analysis found that all but the tidally connected marshes are flooded too deeply and too frequently 

to support healthy marsh vegetation.  Persistent flooding weakens the root systems of marsh 

vegetation making it vulnerable to removal by hurricanes.  Marsh management and restoration 

plans should address flooding and drainage while maintaining salinity control.   

 

B. Implications for Restoration 

 

This report identified prolonged flooding as the most urgent problem in the CS Basin today.  

Solutions to the flooding problem could involve raising marsh elevation, lowering water level, or 

both.   

Given that the remaining tidal marsh is the healthiest in the CS Basin, we should consider making 

more areas in the CS Basin tidal.  Marshes would need to have salt tolerant vegetation and should 

be nourished with dredged sediment to raise marsh elevation and limit erosion before introducing 

the tide.  Tidal marshes can be expected to keep up with sea-level rise better than impounded 

marshes because tidal marshes have increased opportunities for sediment deposition and higher 

organic matter accumulation rates.  Note that allowing salt water to enter impoundments without 

first raising marsh elevation above mean water elevation and without creating tidal connections 

sufficient to drain the water that enters the system would be detrimental to the marsh.  While tidally 

connected brackish and saline marsh is healthy, saline impoundments are not.   

Floodwater released down the Sabine River from the Toledo Bend Reservoir exacerbates the 

flooding problem in the CS Basin.  That floodwater input should be controlled, prevented, or 

utilized to benefit the marsh if possible.   

There are few pathways for rainwater and floodwater to exit the CS Basin once trapped within the 

impounded marsh ecosystem.  Drainage opportunities into lakes are limited due to sea-level rise 

with the best drainage opportunities occurring during passage of cold fronts.  In order to maximize 

the effectiveness of existing drainage infrastructure, canals should be maintained so that water can 

move to and through lake-rim structures as efficiently as possible when drainage opportunities do 

arise.  Sabine NWR canals that were clogged by debris from Hurricanes Rita and Ike have not 

been cleared and adjacent impoundments have been degraded as water finds new pathways through 

the marsh.   
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Marsh creation and marsh nourishment would benefit almost any part of the CS Basin.  Freshwater 

marsh types are less vulnerable to flood stress than more saline marsh types, so marsh creation and 

nourishment efforts in brackish and saline marsh types, such as those found in the Degraded 

Impoundment group identified in this analysis, should be prioritized.    

Water management plans in the CS Basin need to address both salinity and flooding.  At present, 

the Sabine NWR structures are operated to prevent high salinity and storm surge flooding.  They 

may need to be operated to control marsh flooding, particularly at the beginning of the growing 

season.   

Additional drainage structures on the Calcasieu Lake rim would help alleviate some of the flood 

stress in the Cameron-Creole Watershed southeast of Calcasieu Lake.  However, lake water levels 

are frequently much higher than target water levels in the marsh, so gravity drainage into the lake 

may not be sufficient.  Low tide in the Gulf of Mexico is about a foot lower than low tide in 

Calcasieu Lake so alternate drainage pathways from the marsh out to the Gulf should also be 

explored.  If no gravity drainage options can be found, pumps may be necessary.   

  



54 
 

VI. Literature Cited 

 

Bryant, J.C., and R.H. Chabreck.  1998.  Effects of impoundment on vertical accretion of coastal 

marsh.  Estuaries 21(3):416-422. 

Cary, L.R.  1906.  Further Studies on the Oyster at Calcasieu Pass.  Gulf Biologic Station, 

Cameron, LA. Bulletin No. 6.  Louisiana State Board of Agriculture and Immigration, Baton 

Rouge, LA, The Times. Official Journal of Louisiana. Bulletin 6:7-28. 

Cahoon, D.R. and C.G. Groat (eds).  1990.  A study of marsh management practice in Coastal 

Louisiana, Volume II – Technical Description.  Submitted to Minerals Management 

Service, New Orleans, LA.  OCS Study/MMS 90-0075. 309 pp. 

Center for Operational Oceanographic Products and Services.  2019.  NOAA Tide and Currents: 

relative sea level trend 8771450 Galveston Pier, Texas.  Accessed on May 22, 2019 at 

https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?id=8771450.   

Chabreck, R.H., A.W. Palmisano, Jr., and T. Joanen.  1968.  Vegetative type map of Louisiana 

coastal marshes. Louisiana Department of Wildlife and Fisheries, Baton Rouge. 

Chabreck, R. H., and G. Linscombe.  1978.  Vegetative type map of Louisiana coastal marshes. 

Louisiana Department of Wildlife and Fisheries, Baton Rouge. 

Chabreck, R. H., and G. Linscombe.  1988.  Vegetative type map of Louisiana coastal marshes. 

(Ten-map set.)  Louisiana Department of Wildlife and Fisheries, Baton Rouge. 

Chabreck, R. H. and G. Linscombe.  1997.  Vegetative type map of Louisiana coastal marshes. 

Louisiana Department of Wildlife and Fisheries, Baton Rouge. 

Coastal Protection and Restoration Authority of Louisiana (CPRA).  2017.  Louisiana’s 

Comprehensive Master Plan for a Sustainable Coast.  Coastal Protection and Restoration 

Authority of Louisiana.  Baton Rouge, LA 170 pp + 7 Appendices. 

Coastal Protection and Restoration Authority (CPRA) of Louisiana.  2018.  Coastwide Reference 

Monitoring System-Wetlands Monitoring Data. Retrieved from Coastal Information 

Management System (CIMS) database. http://cims.coastal.louisiana.gov. Accessed 08 

October 2018. 

Coastal Protection and Restoration Authority of Louisiana (CPRA).  2019.  Louisiana Adaptive 

Management Status and Improvement Report:  Vision and Recommendations.  Coastal 

Protection and Restoration Authority of Louisiana.  Baton Rouge, LA 168 pp + 2 Annexes. 

Coastal Wetland Planning, Protection, and Restoration Act (CWPPRA).  1992.  Calcasieu-Sabine 

River Basin Study.  New Orleans, LA. 

Couvillion, B.R., M.R. Fischer, H.J. Beck, and W.J. Sleavin.  2016.  Spatial configuration trends 

in coastal Louisiana from 1985 to 2010.  Wetlands. 32(2):347-359. 

https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?id=8771450


55 
 

Couvillion, B.R., H. Beck, D. Schoolmaster, and M. Fischer.  2017.  Land area change in coastal 

Louisiana 1932 to 2016: U.S. Geological Survey Scientific  Investigations Map 3381, 16 

p. pamphlet, https://doi.org/10.3133/sim3381. 

Couvillion, B.R., Beck, H.J., Dugas, J., Garber, A., and Mouton, K.  2018a.  Coastwide Reference 

Monitoring System (CRMS) 2005, 2008, 2012, and 2015 land-water matrices: U.S. 

Geological Survey data release, https://doi.org/10.5066/F75D8Q92. 

Couvillion, B.R., Beck, H.J., Dugas, J., Garber, A., and Mouton, K.  2018b.  Coastwide Reference 

Monitoring System (CRMS) 2016 land-water classifications: U.S. Geological Survey data 

release, https://doi.org/10.5066/P90RE64M. 

Cretini, K.F., J.M. Visser. K.W. Krauss, and G.D. Steyer.  2012.  Development and use of floristic 

quality index for coastal Louisiana marshes.  Environmental Monitoring and Assessment 

184:238-2403.   

Fisk, H.N.  1944.  Geological investigations of the alluvial valley of the lower Mississippi River. 

U.S. Army Corps of Engineers, Mississippi River Commission, Vicksburg. 

Folse, T.M., L.A. Sharp, J.L. West, M.K. Hymel, J.P. Troutman, T.E. McGinnis, D. Weifenbach, 

W.M. Boshart, L.B. Rodrigue, D.C. Richardi, W.B. Wood, and C.M. Miller. 2008, revised 

2018. A Standard Operating Procedures Manual for the Coastwide Reference Monitoring 

System-Wetlands: Methods for Site Establishment, Data Collection, and Quality 

Assurance/Quality Control. Louisiana Coastal Protection and Restoration Authority. 

Baton Rouge, LA. 228 pp.  

Glaser, O.C.  1904.  The Conditions for Oyster Culture at Calcasieu Pass.  Gulf Biologic Station 

1903 Bulletin No. 2.  Louisiana State Board of Agriculture and Immigration, New Orleans, 

LA,  American Printing Co., Ltd.  Bulletin 2:9-39. 

Gosselink, J.G.; C.L. Cordes; and J.W. Parsons.  1979.  An ecological characterization of the 

Chenier Plain coastal ecosystem of Louisiana and Texas, Vol. 1.  FWS/OBS-78/9.  301 pp. 

Hair, J.F., R.E. Anderson, R.L. Tatham, and W.C. Black.  1998.  Multivariate Data Analysis with 

Readings, 5th edition. New York: MacMillian, 730p. 

Hayes, M.O.  1979.  Barrier island morphology as a function of tidal and wave regime. In: 

Leatherman, S. (ed.), Barrier Islands, from the Gulf of St. Lawrence to the Gulf of Mexico. 

New York: Academic, pp. 1–27. 

Howe, H.V., R.J. Russell, J.H. McGuirt, B.C. Craft, and M.B. Stephenson.  1935.  Reports of the 

Geology of Cameron and Vermilion Parishes.  Geological Bulletin No. 6. Department of 

Conservation, Louisiana Geological Survey. New Orleans, LA.  241 pp. 

Kellogg, J.L. 1905.  Notes on Marine Food Mollusks of Louisiana.   Gulf Biologic Station, 

Cameron, LA. Bulletin No. 3.  Louisiana State Board of Agriculture and Immigration, 

Baton Rouge, LA, The Times. Official Journal of Louisiana.  Bulletin 3:7-43. 

https://doi.org/10.3133/sim3381


56 
 

Lehto, B., R. Marcentel, and W.B. Paul. 1994.  Calcasieu-Sabine:  Cooperative River Basin Study 

Report.  United States Department of Agriculture – Soil Conservation Service. Alexandria, 

Louisiana. 151 pp. plus appendices and maps. 

Linscombe, G., R. Chabreck, and S. Hartley.  2001.  Vegetative type map of the Louisiana coastal 

marshes: U.S. Geological Survey, National Wetlands Research Center, Lafayette, LA. 

Louisiana Coastal Wetlands Conservation and Restoration Task Force (LCWCRTF).  2002.  

Hydrologic Investigation of the Louisiana Chenier Plain.  Baton Rouge: Louisiana 

Department of Natural Resources, Coastal Restoration Division.  135 pp, plus appendices. 

McGinnis, T. and S. Aucoin. 2015.  2015 Operations, Maintenance, and Monitoring Report for 

East Mud Lake Marsh Management (CS-20).  Coastal Protection and Restoration Authority 

of Louisiana, Operations – Lafayette Regional Office.  Lafayette, Louisiana.  46 pp. plus 5 

Appendices. 

McGinnis, T.E., D.C.Richardi, B. Wood, M. Mouledous, M. Luent, and E.J. Lear.  2017. 2017 

Operations, Maintenance, and Monitoring Report for Coastwide Vegetative Planting Project 

(LA-0039). Coastal Protection and Restoration Authority of Louisiana. 143 pp and 

Appendix. 

McKee, K.L, I.A. Mendelssohn, and D.M. Burdick.  1989.  Effect of long-term flooding on root 

metabolic pressure response in five freshwater marsh plant species.  Canadian Journal of 

Botany 67:3446-3542. 

Mendelssohn, I.A., K.L. McKee, and W.H. Patrick, Jr.  1981.  Oxygen deficiency in Spartina 

alterniflora roots: metabolic adaptation to anoxia.  Science 214:439-441. 

Miller, M.  2003.  CS-02 Rycade Canal Summary Data and Graphics, Coastal Protection and 

Restoration Authority of Louisiana, Lafayette, Louisiana.  39pp. 

Miller, M.  2014.  2014 Operations, Maintenance, and Monitoring Report for Sabine Refuge Marsh 

Creation (CS-28), Coastal Protection and Restoration Authority of Louisiana, Coastal 

Protection and Restoration, Lafayette, Louisiana.  25pp. 

Miller, M. and D. Billodeau.  2010.  2010 Operations, Maintenance, and Monitoring Report for 

La. Hwy. 384 Hydrologic Restoration (CS-21), Coastal Protection and Restoration 

Authority of Louisiana, Lafayette, Louisiana.  46pp.  

Miller, M., D. Broussard, and D. Pontiff.  2013.  2013 Operations, Maintenance, and Monitoring 

Report for Sabine Structure Replacement (CS-23), Coastal Protection and Restoration 

Authority of Louisiana, Lafayette, Louisiana.  52 pp. 

Miller, M. and M. Guidry.  2011.  2011 Operation, Maintenance, and Monitoring Report for Sweet 

Lake/Willow Lake Hydrologic Restoration (CS-11b), Coastal Protection and Restoration 

Authority of Louisiana, Lafayette, Louisiana. 25pp. 



57 
 

Miller, M., J. White, and M. Guidry.  2012.  2012 Operations, Maintenance, and Monitoring Report 

for Clear Marais Shoreline Protection (CS-22), Coastal Protection and Restoration 

Authority of Louisiana, Lafayette, Louisiana. 25pp. 

Miller, M., and J. White.  2015.  2015 Operation Maintenance and Monitoring Report for East 

Sabine Lake Hydrologic Restoration (CS-32).  Coastal Protection and Restoration Authority 

of Louisiana, Lafayette, Louisiana.  26 pp and Appendices. 

Mouledous, M. and M. Guidry.  2016.  2016 Operations, Maintenance, and Monitoring Report for 

GIWW - Perry Ridge West Bank Stabilization (CS-30), Coastal Protection and Restoration 

Authority of Louisiana, Lafayette, Louisiana. 27pp and Appendices. 

Mouledous, M, W.B. Wood, and L.A. Sharp.  2016.  2016 Basin Summary Report for the 

Mermentau Basin.  Coastal Protection and Restoration Authority of Louisiana.  Lafayette, 

Louisiana. 57 pp. 

Mouledous, M., B. Wood, and M. Guidry.  2017.  2017 Operations, Maintenance, and Monitoring 

Report for Perry Ridge Shore Protection (CS-24), Coastal Protection and Restoration 

Authority of Louisiana, Lafayette, Louisiana. 33pp and Appendices. 

Mouledous, M., D. Broussard, and D. Pontiff.  2018.  2018 Operations, Maintenance, and 

Monitoring Report for Holly Beach Sand Management (CS-31), Coastal Protection and 

Restoration Authority of Louisiana, Lafayette, Louisiana.  46pp and Appendices. 

National Drought Mitigation Center, University of Nebraska-Lincoln.  2018.  United States 

Drought Monitor time series data for Southwest Louisiana (1607), accessed December 10, 

2018, at http://droughtmonitor.unl.edu/Data/Timeseries.aspx.  

O’Neil, T. 1949.  The muskrat in the Louisiana coastal marshes: a study of the ecological, 

geological, biological, tidal, and climatic factors governing the production and management 

of the muskrat in Louisiana.  Louisiana Department of Wildlife and Fisheries, New Orleans.  

152 pp. 

Paille, R.  1996.  Water exchange patterns and salinity of marshes between Calcasieu and Sabine 

Lakes.  Pages 36-43 in Sabine Lake Conference – Where Texas and Louisiana Come 

Together, 13-14 September 1996.  Texas A&M University Sea Grant College Program 

TAMU-SG-97-101.  Beaumont, TX.  

SAS Institute Inc.  2016.  JMP 13.2.1. Statistical DiscoveryTM from SAS.   

Sabine-Neches Navigation District.  2018.  Sabine-Neches Waterway Channel Improvement 

Project Receives Federal-Share Funding to Start Construction.  Port Arthur, November 21, 

2018.  2 pp. 

Sabine Refuge.  1962a.  Narrative report, Sabine National Wildlife Refuge.  Sulphur, LA.  January 

– April 1962.  United States Department of Interior, Bureau of Sport Fish and Wildlife. 

Sabine Refuge.  1962b.  Narrative report, Sabine National Wildlife Refuge.  Sulphur, LA.  May – 

August 1962.  United States Department of Interior, Bureau of Sport Fish and Wildlife. 

http://droughtmonitor.unl.edu/Data/Timeseries.aspx


58 
 

Sasser, C.E., J.M. Visser, E.C. Mouton, J. Linscombe, and S.B. Hartley.  2008.  Vegetation types 

in coastal Louisiana in 2007: U.S. Geological Survey Open-File Report 2008-1224, 1 sheet, 

scale 1:550,000. 

Sasser, C.E., J.M. Visser, E.C. Mouton, J. Linscombe, and S.B. Hartley.  2014.  Vegetation types 

in coastal Louisiana in 2013: U.S. Geological Survey Scientific Investigations Map 3290, 1 

sheet, scale 1:550,000. 

Sharp, L.A. and D. Billodeau.  2007.  2007 Operations, Maintenance and Monitoring Report for 

Cameron Creole Plugs (CS-17), Coastal Protection and Restoration Authority of Louisiana, 

Lafayette, Louisiana.  21 pp and Appendices. 

Snedden, G.A., and E.M. Swenson.  2012.  Hydrologic Index development and application to 

selected Coastwide Reference Monitoring System sites and Coastal Wetlands Planning, 

Protection and Restoration Act projects: U.S. Geological Survey Open-File Report 2012-

1122, 25 p. 

Snedden, G.A., K. Cretini, and B. Patton.  Inundation and salinity impacts to above- and 

belowground productivity in Spartina patens and Spartina alterniflora in the Mississippi 

River deltaic plain:  Implications for using river diversions as restoration tools.  Ecological 

Engineering 81(2015):133-139. 

Southern Regional Climate Center (SRCC), Louisiana State University. 2018.  Accessed 

December 11, 2018, at https://climdata.srcc.lsu.edu/.  

Stagg, C.L., L.A. Sharp, T.E. McGinnis, and G.A. Snedden.  2013.  Submergence Vulnerability 

Index development and application to Coastwide Reference Monitoring System sites and 

Coastal Wetland Planning, Protection and Restoration Act Projects: U.S. Geological Survey 

Open-File Report 2013-1163, 13p. 

Steyer, G.D. 1993. Final Report Sabine Terracing Project.  Coastal Protection and Restoration 

Authority of Louisiana, Baton Rouge, Louisiana.  48 pp. and Appendices. 

Steyer, G.D., C.E. Sasser, J.M. Visser, E.M. Swensen, J.A. Nyman, and RC. Raynie. 2003. A 

proposed coast-wide reference monitoring system for evaluating wetland restoration 

trajectories in Louisiana. Environmental Monitoring and Assessment 81:107–117. 

Steyer, G.D., B.C. Perez, S. Piazza, G. Suir.  2007.  Potential Consequences of Saltwater 

Intrusion Associated with Hurricanes Katrina and Rita, Chapter 6 in Science and the 

Storms: the USGS Response to the Hurricanes of 2005, USGS Circular 1306.  Pages 137-

146.  

Steyer, G.D., K.F. Cretini, S. Piazza, L.A. Sharp, G.A. Snedden, S. Sapkota.  2010.  Hurricane 

influences on vegetation community change in coastal Louisiana: U.S. Geological Survey 

Open-File Report 2010–1105, 21 pp. 

 

https://climdata.srcc.lsu.edu/


59 
 

Toohey, G. and D. Swenson.  2017.  Southwest Louisiana escapes brunt of Harvey after landfall 

Wednesday; takes in evacuees from Texas.  The Advocate, Baton Rouge, LA.  Aug 30, 

2017. https://www.theadvocate.com/baton_rouge/news/article_d2CS06e2-8d7a-11e7-adc9-

e325e02d7101.html 

Turner, R.E. and D.R. Cahoon.  1988.  Causes of Wetland Loss in the Coastal Central Gulf of 

Mexico, Volume 1:  Executive Summary.  U.S. Department of Interior, Minerals 

Management Service, Gulf of Mexico OCS Regional Office, New Orleans, LA. 

Underwood, S.G., R Chen, G.W. Stone, X. Zhang, M.R. Byrnes, and R.A. McBride,  1999.  Beach 

Response to a Segmented Breakwater System, Southwest Louisiana, U.S.A.  Coastal 

Protection and Restoration Authority of Louisiana, Baton Rouge, Louisiana. 155 pp. 

United States Army Corps of Engineers (USACE).  2016.  Southwest Coastal Louisiana Integrated 

Final Feasibility Report and Environmental Impact Statement.  USACE Mississippi Valley 

Division, New Orleans District.  215 pp + 16 Appendices. 

Valentine, J.M. Jr.  1976.  Plant succession after saw-grass mortality in southwestern Louisiana.  

Southeastern Association of Game and Fish Commissioners, 13th Annual Conference:  634-

640. 

Ward, J.H., Jr.  1963. Hierarchical Grouping to Optimize an Objective Function. Journal of the 

American Statistical Association. 58:236–244. 

Weifenbach, D.K. and N.S. Clark.  2000.  East Mud Lake Marsh Management (CS-20) Three-

Year Comprehensive Monitoring Report No. 1.  Department of Natural Resources, Baton 

Rouge, LA.  44 pp + 1 Appendix. 

Wood, B. and S. Aucoin.  2015.  2015 Operations, Maintenance, and Monitoring Report for Black 

Bayou Hydrologic Restoration (CS-27).  Coastal Protection and Restoration Authority of 

Louisiana, Lafayette, Louisiana.  64 pp. and appendices. 

Wood, W.B., J.M. Visser, S.C. Piazza, L.A. Sharp, L.C. Hundy, and T.E. McGinnis. 2015. 

Coastwide Reference Monitoring System (CRMS) Vegetation Volume Index – An 

assessment tool for marsh habitat focused on the three dimensional structure at CRMS 

vegetation monitoring stations: U.S. Geological Survey Open-File Report 2015-1206, 14 p. 

 

https://www.theadvocate.com/baton_rouge/news/article_d2cb06e2-8d7a-11e7-adc9-e325e02d7101.html
https://www.theadvocate.com/baton_rouge/news/article_d2cb06e2-8d7a-11e7-adc9-e325e02d7101.html


60 
 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 

State of Louisiana Coastal Restoration Projects 

 

 

 

 

 

 

 



61 
 

Description of state-funded protection and restoration projects within the Calcasieu-Sabine Basin summarized from Operations, 

Maintenance, and Monitoring Reports which can be found in the Document Library at http://cims.coastal.la.gov 

Project Type Project Name State Project 

Number 

Program Construction 

Completion 

Project Description 

Hydrologic 

Restoration 

Cameron-Creole 

Watershed Maintenance 

CS-04A 

CS-17 

CS-04A-1 

PW-4257 

 

CWPPRA 

 

STATE 

FEMA 

 

1997-2011 

The project provides maintenance for the existing 19 miles of levee 

and five major structures which make up the Cameron-Creole 

Watershed Project.  Borrow canals along the levee were plugged to 

restore historic water circulation patterns to slow water exchange with 

Calcasieu Lake (CS-17).  Maintenance was conducted in 2007 (FEMA 

PW-4257) and 2011 (State Funds) to repair damages to the structures 

and levees caused by Hurricanes Rita and Ike.   

Black Bayou 

Hydrologic Restoration 
CS-27 CWPPRA 2003 

The project goals are to reduce wetland loss resulting reduced 

freshwater inflow, increased magnitude and duration of tidal 

fluctuations, increased salinities, higher water levels, and excessive 

water exchange. This project included spoil banks, weirs, plugs, and 

culverts designed to allow freshwater from the Gulf Intracoastal 

Waterway into the wetlands and to create a hydrologic head that 

increases freshwater retention time and reduces saltwater intrusion.    

Black Bayou Culverts 

Hydrologic Restoration 
CS-29 CWPPRA 2007 

This project involved the construction of 10 box culverts (10 ft x 10 ft) 

with flap gates in the embankment of Highway 384 in Cameron Parish.   

East Sabine Lake 

Hydrologic Restoration 

CU1 

CS-32-CU1 CWPPRA 2009 

The objectives of this project are to protect and restore area marsh and 

restore the historical hydrologic regime to the Sabine National Wildlife 

Refuge using shoreline protection, terraces, vegetation plantings, and 

water control structures to reduce tidal scour, shoreline erosion, 

turbidity, and salinities. However, design of the water control 

structures has been discontinued and the remaining construction funds 

was used to build additional terraces.  

Marsh 

Management 

Rycade Canal Marsh 

Management 
CS-02 STATE 1994 

The project was designed to stabilize salinities and water levels by 

reducing water flows through Rycade canal and Black Lake. 

 East Mud Lake Marsh 

Management 
CS-20 CWPPRA 1996 

The project involves the creation of a hydrologic regime conducive to 

restoration, protection, and enhancement of the Mud Lake area using 

various types of water control structures and vegetative plantings. 

Structural components include culverts with flap gates, two variable 

crest weirs, three earthen plugs, overflow bank and repair of existing 

levee. 

 Highway 384 

Hydrologic Restoration 
CS-21 CWPPRA 2000 

The project purpose is to restore the natural hydrology of the project 

area and eliminate undesirably high salinities and severe water 

fluctuations, tremendously reduce the potential for future marsh losses. 

http://cims.coastal.la.gov/
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Replace Sabine Refuge 

Water Control 

Structures at 

Headquarters Canal, 

West Cove Canal, and 

Hog Island Gully 

CS-23 CWPPRA 2001 

This project involved the replacement of existing structures at Sabine 

National Wildlife Refuge with structures that have substantially 

greater discharge potential and greater management flexibility. 

Shoreline 

Protection 

Blind Lake CS-BL STATE 1989 

The purpose of this project was to prevent the Gulf Intracoastal 

Waterway from breaching into Blind Lake.  The project consisted of 

placing 2,339 linear feet of limestone breakwater along the south side 

of the GIWW adjacent to Blind Lake.  The second phase of this project 

included planting giant cutgrass (Zizaniopsis miliacea) along the inside 

of the breakwater to enhance the accretion process. 

Sabine Shellbank 

Stabilization 
SSB STATE 1990 

The purpose of this project was to provide natural shoreline protection 

by using tidal currents to deposit clam shell on the shoreline.  The 

benefits of this design over the use of permanent structures are lower 

cost, less disturbance of the natural habitat during construction, and 

allowing natural distribution of sediment and organisms without 

impediment. 

Holly Beach CS-01 STATE 

1991, 1992, 

1993, 1994, 

2003 

The objective of this project is to protect the marsh north of the Gulf of 

Mexico shoreline by expanding shoreline protection in phases from 

Ocean View, Louisiana to the east near Calcasieu Pass.  A total of 34 

breakwaters were constructed in 1991, 21 breakwaters were 

constructed in 1992, 21 breakwaters were constructed in 1993, and 

nine breakwaters were constructed in 1994 between Calcasieu Pass 

and Holly Beach, Louisiana. Eighteen of the existing breakwaters were 

raised and/or extended in 2003 utilizing marine mattress foundations 

and armor stone. 

Sabine National 

Wildlife Refuge Erosion 

Protection 

CS-18 CWPPRA 1995 

The goal of this project is to protect 13,000 acres of fresh marsh from 

deterioration associated with the anticipated failure of the existing west 

levee. The original design was to reconstruct 5.5 miles of eroded levee. 

The project was redesigned to include 1,000 feet of levee 

reconstruction and 5.5 miles of rock armor. Vegetation plantings were 

used to reduce erosion from boat traffic.  

Clear Marais Bank 

Protection 
CS-22 CWPPRA 1997 

The project is located north of the Gulf Intracoastal Waterway 

(GIWW) approximately 10 miles northwest of Hackberry in Calcasieu 

Parish, Louisiana. The goal of this project is to extend the rock 

armored shoreline stabilization by one mile adjacent to the GIWW to 

prevent continued erosion of the GIWW levee and to prevent the 

encroachment of the GIWW into the marshes north of the project area. 
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Perry Ridge Shore 

Protection 
CS-24 CWPPRA 1999 

The project reduces tidal scour, wave action from boats, and other 

excessive energy impacts on interior marshes and the possibility of 

saltwater intrusion by placing rip-rap along low areas on the northern 

spoil bank of the GIWW from Perry Ridge to Vinton Drainage Canal. 

GIWW - Perry Ridge 

West Bank Stabilization 
CS-30 CWPPRA 2001 

The project consists of installing rock along the bank of the GIWW to 

prevent further erosion.  

Sweet Lake/Willow 

Lake Hydrologic 

Restoration 

CS-11-B CWPPRA 2002 

The project goals are to re-establish the hydrologic boundary between 

Sweet Lake and the Gulf Intracoastal Waterway (GIWW), to reduce 

lake turbidity and tidal exchange, and to halt erosion and trap sediment 

needed to rebuild marsh along the northern and northwestern 

shorelines of Sweet Lake.  This project includes rock embankments on 

the GIWW to close off the lakes, vegetation plantings to reduce 

erosion, and construction of earthen terraces combined with vegetation 

plantings in open water areas to promote revegetation.  

Holly Beach Sand 

Management 

Fencing 

CS-31 

 

PW-4403 

CWPPRA 

 

FEMA 

2003 

 

2006 

The purpose of the project is to protect existing coastal wetlands by 

restoring and maintaining the integrity and functionality of the 

remaining chenier/beach ridge through beach nourishment, installation 

of sand fencing, and vegetation plantings.  This project supports CS-01 

Holly Beach Project. FEMA provided maintenance/replacement of 

sand fencing after Hurricane Rita. 

Cameron Parish 

Shoreline Restoration 
CS-33 STATE 2014 

The project involved the re-establishment of dunes and beachhead for 

8.7 miles extending from the western Calcasieu River Jetty to the 

eastern-most breakwater at the Holly Beach – Constance Beach 

breakwater field. 

Marsh Creation  

Sabine Refuge Marsh 

Creation, Cycles 1-5 

CS-28-1-5 

LA-21-1 

CWPPRA 

STATE 

2002, 2010, 

2015 

The Sabine Refuge Marsh Creation Cycles Project consists of the 

placement of dredged material from routine maintenance of the 

Calcasieu River Ship Channel via temporary pipeline into a marsh 

creation site within the Sabine National Wildlife Refuge.  Costs for 

Cycle 2 were supplemented by state funds. 

Marsh Creation via 

Beneficial Use (Phase 

10 (Black Lake) 

CS-35 (EB) CIAP 2010 

This project involves the creation of approximately 200 acres marsh 

through beneficial use of dredged material from the Calcasieu Ship 

Channel. 

Black Lake 

Supplemental Beneficial 

Use Disposal Area 

CS-34 STATE 2010 

The project beneficially used dredged sediment from maintenance 

dredging of the Calcasieu River Ship Channel from mile 14 thru mile 

17 for delivery by sediment pipeline to the Black Lake/Marcantel 

Beneficial Use site. 

Oyster Bayou Marsh 

Restoration 
CS-59 CWPPRA 2017 

Approximately 850 acres of marsh were created and/or nourished 

using sediment dredged from the Gulf of Mexico, and approximately 
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9,000 linear feet of earthen terraces were also constructed to restore 

marsh just north of La Hwy 82.  

Cameron-Creole 

Watershed Grand Bayou 

Marsh Creation 

CS-54 
CWPPRA/ 

LDNR 
2018-2019 

Approximately 615 acres of brackish marsh were restored in two 

marsh creation areas north of Grand Bayou in the Cameron Prairie 

National Wildlife Refuge using material dredged from Calcasieu Lake.  

Terracing 

Plowed Terraces 

Demonstration 
CS-25 CWPPRA 2000 

This objective of this demonstration project was to develop and 

demonstrate a non-traditional procedure for constructing earthen 

terraces in shallow open water areas. Thirty-eight earthen terraces 

served as wave-stilling, sediment-trapping structures and provided a 

medium base for the establishment of emergent vegetation.  

Sabine Terraces CS-ST STATE 1990 

A total of 128 earthen terraces were constructed in a checkerboard 

pattern and planted with smooth cordgrass (Spartina alterniflora) in 

open water areas of the Sabine National Wildlife Refuge.  The 

project's objective was to increase the length of marsh-water interface, 

re-establish emergent marsh vegetation, reduce marsh fringe retreat by 

reducing wind-generated wave energy, increase overall primary 

productivity, and promote the deposition of suspended sediment. 

Vegetative 

Plantings 

West Hackberry 

Vegetative Planting 

Demonstration 

CS-19 CWPPRA 1994 

The goal of this demonstration project is to reduce marsh erosion from 

interior open water wave energy using vegetation plantings consisting 

of California bulrush (Schoenoplectus californicus).  In addition, 

wave-stilling hay bale fences were utilized to protect the plantings.  

 
Coastwide Vegetative 

Plantings 
LA-39 CWPPRA 2012-2018 

This project facilitates a consistent and responsive planting effort 

flexible enough to routinely plant on a large scale. The equivalent of 

90 acres of interior marsh and 40,000 linear feet of coastal shoreline 

will be planted per year over a 10 year period.  Plantings sites in the 

CS Basin are Cameron-Creole, Willow Lake, and Sabine Refuge. 

Road Repairs Trosclair Road Repairs CS-47 CIAP 2009 

This project involves construction an overlay on Trosclair Road, a 

parish road that is heavily used by oilfield traffic. The project is 

approximately 8 miles long and connects State Highway 27/82 from 

Cameron to State Highway 82 to Oak Grove. 

 


