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Introduction  

Hydrologic restoration (HR) has been one of the most common wetland restoration techniques 

used by the Coastal Wetland Planning, Protection, and Restoration Act (CWPPRA) Task Force 

in coastal Louisiana.  As of January 2006, there have been 16 HR projects constructed, 4 HR 

projects are under construction, and 8 HR projects are in the Engineering and Design Phase 

(Table 1).  The general goal for hydrologic restoration projects is to restore a more natural 

hydrologic regime to wetland areas that have experienced human alterations to the hydrology 

primarily through the addition of channels (Dale et al. 2006).  However ñnatural hydrologic 

regimeò remains undefined.  Monitoring plans exist for all constructed HR projects.  Currently 

comprehensive monitoring reports have been produced for 9 of these projects (CS-17, CS-21, 

CS-27, ME-11, PO-06, TE-22, TE-26, TE-28 and TV-14) which can be downloaded at 

http:/ldnr.louisiana.gov/crm/.  Five of these reports analyzed hydrologic data using reference and 

project area hydrology comparisons.  Previous studies of a similar restoration technique, marsh 

management, have focused on the effects of hydrologic manipulation on wildlife, fisheries, 

sediment deposition, submerged aquatic vegetation, average salinity, and land loss (Duffy and 

Clark 1989, Reed 1992, Rogers et al. 1994, Nyman and Chabreck 1996, Nyman et al. 1993, 

Sazone and McElroy 1998).   

 

The effects of constant salinity and flooding on marsh plant performance have been extensively 

studied (see references in Mitsch and Gosselink 2000, Visser et al. 2003).  However, few studies 

have considered the natural variability that occurs in these hydrologic stressors.  In this study, we 

focus on the duration of hydrologic and salinity events that are known to be stressful to the 

dominant vegetation.  The longer a flooding event lasts, the more reduced the soil becomes 

(Gambrell and Patrick 1978), and the more stress the plants experience.  Longer drainage events 

lower water availability to the plants and increase interstitial salinity.  It has also been shown that 

vegetation can recover from short exposures to saline water, but are severely stressed by longer 

exposures (Howard and Mendelssohn 1999).   
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Table 1. List of Hydrologic Restoration Projects compiled from the CWPPRA web site 

(http://lacoast.gov/cwppra).  This list omits four de-authorized projects. 

Agency Project 

Number  

Project Name  Construction Status 

USFWS PO-16 Bayou Sauvage National Wildlife Refuge 

Hydrologic Restoration, Phase 1 

Completed 1996 

USFWS CS-17 Cameron Creole Plugs Completed 1997 

USFWS PO-18 Bayou Sauvage National Wildlife Refuge 

Hydrologic Restoration, Phase 2 

Completed 1997 

NRCS ME-04 Freshwater Bayou Wetland Protection Completed 1998 

NRCS TV-04 Cote Blanche Hydrologic Restoration Completed 1999 

NMFS TE-26 Lake Chapeau Sediment Input and Hydrologic 

Restoration, Point Au Fer Island 

Completed 1999 

NRCS BA-02 GIWW (Gulf Intracoastal Waterway) to 

Clovelly Hydrologic Restoration 

Completed 2000 

NMFS TE-22 Point Au Fer Canal Plugs Completed 2000 

NRCS CS-21 Highway 384 Hydrologic Restoration Completed 2000 

NRCS TE-28 Brady Canal Hydrologic Restoration Completed 2000 

NRCS CS-11b Sweet Lake/Willow Lake Hydrologic 

Restoration 

Completed 2001 

NRCS PO-06 Fritchie Marsh Restoration Completed 2001 

COE TV-14 Marsh Island Hydrologic Restoration Completed 2001 

NMFS CS-27 Black Bayou Hydrologic Restoration Completed 2001 

NRCS TV-13a Oaks/Avery Canal Hydrologic Restoration, 

Increment 1 

Completed 2002 

NRCS ME-11 Humble Canal Hydrologic Restoration Completed 2003 

NRCS BA-20 Jonathan Davis Wetland Restoration Under construction 

NMFS PO-24 Hopedale Hydrologic Restoration Under construction 

NRCS CS-29 Black Bayou Culverts Hydrologic Restoration Under construction 

USFWS ME-16 Freshwater Introduction South of Highway 82 Under construction 

NRCS CS-09 Brown Lake Hydrologic Restoration In Engineering and 

Design Phase 

USFWS TE-10 Grand Bayou Hydrologic Restoration In Engineering and 

Design Phase 

USFWS TE-32a North Lake Boudreaux Basin Freshwater 

Introduction and Hydrologic Management 

In Engineering and 

Design Phase 

NRCS TE-34 Penchant Basin Natural Resources Plan, 

Increment 1 

In Engineering and 

Design Phase 

NRCS ME-17 Little Pecan Bayou Hydrologic Restoration In Engineering and 

Design Phase 

NRCS TE-39 South Lake De Cade Freshwater Introduction In Engineering and 

Design Phase 

USFWS CS-32 East Sabine Lake Hydrologic Restoration In Engineering and 

Design Phase 

USFWS ME-20 South Grand Chenier Hydrologic Restoration 

Project 

In Engineering and 

Design Phase 

http://lacoast.gov/cwppra
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Methods 

Hydrology 

Hydrology data for all hydrologic restoration projects was made available by the Louisiana 

Department of Natural Resources (LDNR).  We selected those gauges that had at least 3 full 

years of data for water level relative to marsh surface and salinity (Table 2).  Years before and 

after construction were determined by assigning each calendar year to either a before or after 

category.  If construction was completed before June 30 the year was assigned to the after 

construction category.  If construction was completed after June 30 the year was assigned to the 

before construction category.  Only years with observations for the full year were included in the 

analyses. 

 

 

 

 

Table 2. Construction completion for each project and dominant vegetation for each gauge with 

sufficient hydrologic data.  Location maps for these gauges are provided in Appendix 

A. 

 

Project Construction 

Completion 

Project Gauges Reference Gauges Dominant Plant 

Species 

BA-02 October 2000 53, 54, 55, 56, 

and 57 

 Spartina patens 

CS-21 January 2000 19 07R Juncus roemerianus 

  26/98, 29  Spartina patens 

ME-04 October 1998 06, 29  Spartina patens 

  19  Panicum hemitomon 

   50R/143R Sagittaria lancifolia 

PO-06 March 2001 01, 06, 11, 

03/60 

 Spartina patens 

TE-26 May 1999 03, 04, 05 01R, 02R Spartina patens 

TE-28 July 2000 218 219R Sagittaria lancifolia 

TV-04 January 1999 02/22, 03 04R Sagittaria lancifolia 

TV-14 December 2001 01, 02/23 03R, 04R Spartina patens 
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To evaluate the effect of different stressors on vegetation, it is important to understand that 

stressor effects will be more pronounced in periods in which the vegetation is actively growing.  

Plant species differ in the distribution of their productivity during the year.  We used the 

different dominant plants near each gauge (Juncus roemerianus, Spartina patens, Sagittaria 

lancifolia, and Panicum hemitomon) as provided to us by the LDNR monitoring personnel 

familiar with the sites (Table 2).  The distribution of productivity was estimated from the live 

biomass of two full years of bi-monthly data reported by Hopkinson et al (1978) for all species 

except P. hemitomon.  If more than one observation occurred within a month the values were 

averaged for that month.  If no observations occurred in a particular month, then the average of 

the month before and after were used.  Percentage of total production was divided over four 

quarters of a year.  The productivity index for a quarter was calculated as the sum of live 

biomass in each month of the quarter divided by the sum of the live biomass over all months.   

 

For P. hemitomon we used the monthly productivity reported by Sasser and Gosselink (1984).  

Here the productivity index for a quarter was calculated as the sum of productivity in each month 

of the quarter divided by the total annual production.  The resulting seasonal productivity index 

for dominant species is provided in Table 3. 

 

 

 

Table 3. Seasonal productivity index for different marsh plants (based on Hopkinson et al. 1978 

and Sasser and Gosselink 1984) 

Quarter Juncus roemerianus Spartina patens Sagittaria lancifolia Panicum hemitomon 

Jan-Mar 0.27 0.24 0.05 0.00 

Apr-Jun 0.27 0.25 0.50 0.37 

Jul-Sep 0.25 0.29 0.43 0.32 

Oct-Nov 0.21 0.22 0.02 0.31 

 

 

 

The salinity stress level for different plant species was derived from the literature review in 

Visser et al. (2003).  No stress (stress level = 0) was assumed for salinities that show optimal 

productivity for the species (Table 4.).  A medium stress level (stress level = 0.5) was assumed 
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for salinities that show productivity that is greater or equal to 50% of optimal productivity.  A 

high stress level (stress level = 1) was assumed for salinities that show productivity that is less 

than 50% of optimal productivity.  Salinity stress number for each quarter is then calculated by 

multiplying the stress period (the proportion of hours that fall within the stress level) with its 

stress level and the percent productivity in that quarter: 

 

 

Where: Leveli = stress level i, Periodij = proportion of time level i was experienced during 

quarter j, Productionj = proportion of production occurring in quarter j 

 

 

 

Table 4. Stress index relative to salinity for different marsh plant species (based on Visser et al. 

2003). 

Species No Stress 

Stress Level = 0 

Medium Stress 

Stress Level = 0.5 

High Stress 

Stress Level = 1 

Juncus roemerianus < 10 ppt 10 ï 24 ppt > 24 ppt 

Spartina patens < 2 ppt 2 ï 22 ppt > 22 ppt 

Sagittaria lancifolia < 2 ppt 2 ï 4 ppt > 4 ppt 

Panicum hemitomon < 2 ppt 2 ï 4 ppt > 4 ppt 

 

 

 

Before analysis, missing data were replaced with the best prediction based on adjacent gauges if 

regression equations explained greater than 50% of the variation (R
2
 > 0.5; Appendix B).  

Relationships among gauges were generated using the data from before and after project 

implementation independently.  Data gaps were first filled in with the best (highest R
2
 

regression), followed by the second best for remaining gaps and so on.   

 

We used LDNRôs data of water level relative to the marsh surface, with values greater than 0 

meaning that the marsh was flooded.  The length of flood events was calculated by subtracting 

the date and time of the beginning of the flood event from the date and time at the end of the 

flooding event.  At the start of each quarter a flood event was started if the water level was above 
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the marsh surface, otherwise a draining event was started.  At the end of each quarter the event 

was ended.  Flooding stress was assumed to be the same for all species.  A stress level of 0.5 was 

assigned to flood events that lasted between one and seven days.  A stress level of 1 was 

assigned to flooding events that lasted more than seven days.  Flooding events of less than one 

day were assumed to provide no stress to the plants (stress level = 0).  The period stress index 

was calculated by multiplying the stress level by the percentage of time in the quarter that the 

stress level occurred and the percentage of productivity that occurred during that quarter.  The 

yearly stress index was then calculated as the sum of all quarterly stress levels. 

 

Landscape Change 

For each site selected, we chose a pre-, during-, and post-construction time period with available 

color infrared aerial photography.  All existing CWPPRA land:water images were assessed for 

appropriate dates, coverage, quality, and scale.  Upon review it was determined that the 

photographs that were available were few in number and consisted of a lower resolution than 

appropriate for our analyses.  Therefore, the original unclassified aerial photography in jpg 

format was obtained from LDNR (http://dnr.louisiana.gov/crm/coastres/projectlist.asp).  Due to 

the inadequate quality of some project area photos, as well as the intensive nature of interpreting 

and classifying those images, this part of the analysis was limited to four stations each in projects 

BA-02 and PO-06 (Figure 1). These stations, which are all representative of Spartina patens-

dominated marshes (Table 2), represent projects that have extensive pre-construction hydrology 

data.  The dates of photography selected for analysis were 1993, 1996, and 2002 for BA-02, and 

1996, 2000, and 2004 for PO-06.  Because the extent of these photos are CWPPRA project wide, 

the Louisiana Coastal Area program (LCA, Twilley and Barras 2003) km
2
 vector grid, was used 

for plot selection.  Cells from the km
2 
grid were used to select plots that included or were next to 

monitoring stations used in the designated CWPPRA projects.  All photography was subset using 

the selected plot boundaries and then an unsupervised classification within ERDAS Imagine 8.7© 

software was performed on all subset photography.  This land-water classification process was 

used to designate image pixels as either ñwaterò, ñlandò or ñotherò classes based on individual 

pixel signature (Figure 2).   
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A.  

B.      

Figure 1. Location of the 1 km
2
 plots interpreted in this study.  A. Is the BA-02 project area 

east of Cut Off, Louisiana.  B. is the PO-06 project area near Slidell, LA.  Project 

areas are indicated by yellow lines. 
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Figure 2. Examples of the system used to determine water connectivity and marsh condition.  

Classes are based on percentage of land and water.  Configurations are based on the 

connectivity of water bodies.  
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Figure 3.  Grid numbering system used for each plot.  

 

 

 

All non-water and non-marsh features were initially recoded into the ñotherò category.  This 

category may consist of fastlands, forested, agricultural and developed lands. Tree canopies are 

problematic in classifications when the sun angle is such that it causes the trees to cast shadows 

which cannot be distinguished from water.   Therefore, a secondary interpretation was performed 

which identified all tree canopies plus associated shadow areas and assigned these areas to an 

ñotherò class. 

 

Each plot was divided into 64 (1/64 km 
2
) grids as shown in Figure 3.  To test for changes in both 

the marsh configuration, and hydro-connectivity, we employed landscape metrics that calculate 

the spatial pattern of water within a marsh.  This method of analyzing and classifying marsh 

change is based on a manual system developed by Dozier (1983).  This analytical system was 

then converted to a grid-based method developed by Steyer et al (2007,  utilizing FRAGSTATS 


