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Abstract From 1932 to 2010, coastal Louisiana has experi-
enced a net loss of 4877 km2 of wetlands. As the area of these
wetlands has changed, so too has the spatial configuration of
the landscape. The resulting landscape is a mosaic of patches
of wetlands and open water. This study examined the spatial
and temporal variability of trajectories of landscape configu-
ration and the relation of those patterns to the trajectories of
land change in wetlands during a 1985–2010 observation pe-
riod. Spatial configuration was quantified using multi-
temporal satellite imagery and an aggregation index (AI).
The results of this analysis indicate that coastal Louisiana
experienced a reduction in the AI of coastal wetlands of
1.07 %. In general, forested wetland and fresh marsh types
displayed the highest aggregation and stability. The remaining
marsh types, (intermediate, brackish, and saline) all experi-
enced disaggregation during the time period, with increasing
severity of disaggregation along an increasing salinity gradi-
ent. Finally, a correlation (r2=0.5562) was found between AI
and the land change rate for the subsequent period, indicating
that fragmentation can increase the vulnerability of wetlands
to further wetland loss. These results can help identify coastal
areas which are susceptible to future wetland loss.

Keywords Wetland fragmentation .Wetland configuration .

Land change .Wetland loss . Coastal Louisiana . Landscape
fragmentation

Introduction

In coastal Louisiana, many areas that were once vast expanses
of contiguous marsh are now comprised of a highly
fragmented mosaic of patches (Suir et al. 2013). Other areas
have now completely converted to open water. Landscape
configuration and connectivity affect fundamental ecosystem
processes, which determine the trajectories of ecological con-
dition (O’Neill et al. 1997; Kupfer 2012). Habitat quality is
not determined solely by the quantity of habitat, but also by its
configuration in the landscape (Kelly et al. 2011).
Additionally, most conceptual models of wetland loss in
Louisiana suggest that fragmented marsh will eventually con-
vert to open water without any restoration efforts (Peyronnin
et al. 2013). Turner and Rao (1990) noted that Bit is clear that
wetland breakup, not erosion at the pond-lake edge, is the
dominant form of wetland-to-open water conversion.^ The
process of fragmentation of a continuous habitat begins with
a reduction in habitat area and an increase in edge. The re-
maining habitat may initially maintain substantial connectivi-
ty but will become increasingly fragmented as habitat loss
continues (Jaeger 2000; Neel et al. 2004). Therefore, the quan-
tification of landscape configuration and its change is an im-
portant precursor to an understanding of the effects of that
change (Tischendorf 2001) and predicting which areas of the
coast are more susceptible to loss.

The ability to quantify landscape configuration is an im-
portant part of studying landscape function and change be-
cause it is believed that the two are inherently related
(Kupfer 2012). Studying landscape pattern is therefore
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essential to understanding the underlying and resulting eco-
logical processes. Previous studies have focused on the impact
of configuration and fragmentation on habitat suitability, dis-
persal, and other biotic factors (Turner and Rao 1990; Forman
1995; Saura 2004; Suir et al. 2013). Few studies however have
focused on fragmentation as a function of, and a contributor
to, morphologic change (Yang and Liu 2005). Harris (1988)
noted wetlands that have a large perimeter-to-area ratio are
particularly susceptible to fragmentation. Yet fundamental
questions remain regarding the influence of spatial configura-
tion of wetlands on the susceptibility of those wetlands to
further loss.

This study utilized a landscape metric known as the aggre-
gation index (AI) to quantify landscape configuration and as-
sess historical trends through the use of remotely sensed im-
agery and other geospatial datasets. Previous studies have
suggested the specific configuration metric chosen for analy-
sis should reflect the landscape pattern of interest and the
processes which relate to that pattern (McGarigal 2002; Neel
et al. 2004). While many other types of landscape indices
exist, an aggregation metric best suits our goals to better un-
derstand the spatial character, arrangement and position of
isolated patches within a wetland. This particular index quan-
tifies the tendency of a patch to be spatially aggregated (i.e.
occur in large, aggregated distributions) (McGarigal 2002).
The aggregation index is class or land cover category specific
and provides a quantitative basis to correlate the spatial pattern
of a class with a specific process (He et al. 2000). While many
other ecological studies aim to better understand the connec-
tion between species behavior and landscape structure, our
focus relates to the integrity of the wetland landscape.

The repetition of observations, length of record, and spatial
coverage available from many types of satellite imagery is
useful for long-term monitoring of large expanses of

landscapes (O’Neill et al. 1997, Yang and Liu 2005; Suir et
al. 2013). While quantifying landscape composition and con-
figuration on a specific date is useful, the real value of remote-
ly sensed imagery is a historical record. In this study, we
tracked landscape configuration over a 25 year period from
1985–2010. Trends of configuration change were examined to
determine the trajectory of aggregation or disaggregation in
coastal Louisiana and to provide information regarding the
possible impacts of these trends. The historical configuration
trend output was then compared to land area composition
trends in periods following the quantification of aggregation
to determine the existence and strength of a relationship be-
tween the two factors.

Our specific objectives were to: (1) develop an easily im-
plemented method for quantifying wetland configuration
across space and time; (2) assess historical trends in wetland
configuration from 1985–2010; (3) compare trends of config-
uration change to those of wetland area change for a possible
linkage; (4) discuss the possible implications of configuration
change on future rates of wetland loss; and (5) consider the
implications of this research on restoration activities.

Study Area

Coastal Louisiana encompasses an area of about 37,780 km2

of wetlands and open water (Fig. 1). These wetlands are com-
posed of forested wetlands, fresh, intermediate, brackish, and
saline marsh. Louisiana’s wetlands are generally considered
one of the most important environments in the United States,
as they support the second largest commercial fishery in the
United States (NOAA 2010), contain five of the nation’s top
20 ports (Bureau of Transportation Statistics 2013), and 20 %
of the nation’s oil and gas supply comes from, or is transported

Fig. 1 Map of the study area in coastal Louisiana which includes Landsat
path boundaries, basin boundaries, and 2013wetlandmarsh zones (Sasser
et al. 2014). The Chenier Plain consists of Calcasieu-Sabine, Mermentau,

and Teche-Vermilion hydrologic basins. The Deltaic Plain consists of
Atchafalaya, Terrebonne, Barataria, Mississippi River Delta, Breton
Sound, and Pontchartrain hydrologic basins
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through, these wetlands (LA DNR 2004). However, this coast
is also considered to be one of the most at-risk environments
in the nation, losing a quarter of these wetlands in the past
78 years (Couvillion et al. 2011).

Methods

Imagery

The first step in assessing landscape configuration is charac-
terizing landscape composition. To do so, this analysis used
multi-temporal satellite imagery from 1985–2010. The num-
ber of dates varied depending upon the path/row (Fig. 1) of the
imagery. Imagery consisted of data from Landsat 5 Thematic
Mapper (TM) and Landsat 7 Enhanced ThematicMapper Plus
(ETM+) both of which have spatial resolutions of 30 m.
Landsat 7 data was only used for the 1999–2003 time period,
the only period in which the scan line corrector (SLC) on the
satellite was functioning properly. Only cloud-free images
were utilized in this study to eliminate the need for cloud
recognition algorithms and to remove a possible source of
contamination. Imagery used in this analysis is detailed in
Table 1.

Satellite images were classified into land/water catego-
ries using a methodology which relies heavily on
thresholding of the modified Normalized Difference
Water Index (mNDWI) (Xu 2006). Index results defined
an initial land and water delineation, however unsuper-
vised classification was then used to check the initial
datasets for errors. Classes such as floating aquatic vege-
tation and mudflats which can often be incorrectly classi-
fied as land were recoded back to a water category via
expert analysis. Land cover types such as forested and
herbaceous wetlands which are periodically inundated
are still considered land within the classification system.
Once the classified land/water datasets for all dates were
completed, the aggregation index, our chosen landscape
metric, was calculated.

Accuracy Assessment of Land/Water Classifications

Conducting traditional accuracy assessments of more than
200 images, each containing an average of approximately 80
million pixels for a total of more than 17 billion pixels ana-
lyzed in this effort was not feasible. Indeed, determining ac-
curacy at even a 0.1% sample would require image-interpreter
decisions at 17 million locations, requiring approximately 30,
000 hours to complete. Therefore, accuracy of the land/water
classifications was assessed within land-cover change groups
for a subset of images. Three land-cover change groups were
delineated using the variability among all images examined.
Group 1 contained only pixels which were consistently

Table 1 Julian dates of imagery used in this effort by path (WRS-2)

Path 21 Path 22 Path 23 Path 24

1984085;
1,987,114;
1,987,290;
1,987,322;
1987338;
1,988,053;
1,989,295;
1,989,359;
1991269;
1,993,066;
1,993,274;
1,994,021;
1995008;
1,995,024;
1,995,104;
1,995,344;
1996027;
1,996,107;
1,998,048;
1,999,019;
1999259;
1,999,307;
1,999,331;
1,999,363;
2000014;
2,001,064;
2,001,288;
2,001,320;
2001360;
2,002,355;
2,003,006;
2,003,014;
2003078;
2,003,302;
2,003,318;
2,004,049;
2004289;
2,004,353;
2,005,259;
2,005,291;
2006326;
2,007,025;
2,008,076;
2,008,300;
2009030;
2,010,033;
2,010,273;
2,010,289

1,984,097;
1,985,019;
1,986,086;
1,987,281;
1,988,028;
1,988,044;
1,990,305;
1,990,321;
1,991,068;
1,992,279;
1,993,073;
1,994,092;
1,994,268;
1,995,271;
1,995,319;
1,996,098;
1,997,036;
1,997,276;
1,998,039;
1,998,055;
1,999,010;
1,999,026;
1,999,258;
1,999,266;
1,999,274;
1,999,298;
1,999,322;
1,999,330;
1,999,362;
2,000,005;
2,000,021;
2,000,037;
2,000,109;
2,000,261;
2,000,285;
2,000,325;
2,001,271;
2,001,303;
2,001,335;
2,002,058;
2,002,362;
2,003,005;
2,003,277;
2,003,293;
2,005,282;
2,006,301;
2,007,064;
2,007,096;
2,008,275;
2,008,307;
2,009,021;
2,009,037;
2,009,293;
2,010,056;
2,010,280;
2,011,043

1,985,026;
1,986,013;
1,986,237;
1,986,301;
1,987,288;
1,988,115;
1,988,339;
1,989,069;
1,989,261;
1,989,293;
1,990,328;
1,991,091;
1,992,014;
1,992,286;
1,992,334;
1,993,064;
1,993,272;
1,993,304;
1,995,246;
1,995,278;
1,995,294;
1,995,326;
1,996,009;
1,996,025;
1,996,121;
1,996,297;
1,996,313;
1,997,011;
1,997,123;
1,998,062;
1,998,094;
1,998,350;
1,999,081;
1,999,257;
1,999,265;
1,999,297;
2,000,116;
2,000,332;
2,000,340;
2,001,270;
2,001,310;
2,002,081;
2,002,289;
2,002,321;
2,003,004;
2,003,332;
2,003,364;
2,004,271;
2,004,287;
2,005,289;
2,006,036;
2,006,100;
2,006,308;
2,006,324;
2,007,263;
2,008,058;
2,008,106;
2,008,282;
2,008,314;
2,008,330;
2,009,316;
2,010,287

1,984,335;
1,985,337;
1,987,039;
1,987,247;
1,988,026;
1,988,250;
1,989,284;
1,989,348;
1,990,287;
1,991,290;
1,991,338;
1,992,293;
1,993,359;
1,994,090;
1,995,077;
1,995,141;
1,997,066;
1,997,290;
1,997,306;
1,998,069;
1,999,024;
1,999,296;
1,999,312;
1,999,320;
2,000,059;
2,000,331;
2,001,005;
2,001,269;
2,001,301;
2,002,008;
2,003,323;
2,004,038;
2,004,070;
2,004,230;
2,004,310;
2,005,280;
2,005,296;
2,006,043;
2,008,049;
2,008,321;
2,008,337;
2,009,019;
2,009,035;
2,009,051;
2,009,291;
2,009,307;
2,010,022
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classified as land in all images analyzed and made up approx-
imately 30 % of the study area (11,267 sq.km.). Group 2
contained only pixels which were consistently classified as
water in all images analyzed accounting for approximately
51 % of the study area (19,154 sq.km.). The remaining group,
group 3, was made up of pixels which contained variability in
land/water classification over the study period. This group
made up approximately 19 % of the study area (7135 sq.km.).

Accuracy was assessed within each of these groups in two,
randomly-selected images per path/row. For each image, a
stratified, random sample was taken within each land cover
group. A 0.001 % sample was taken in group 1 and group 2,
while a 0.01% sample was taken in group 3. In this way, effort
was focused within the group most likely to contain errors,
thereby providing more information in the areas of least con-
fidence. Truth was assigned by an image-interpreter at these
points, and that truth was then compared to the original clas-
sifications to assess accuracy in each group.

Aggregation Index Tool Methods

To calculate the AI, the number of like contiguous adjacencies
between the pixels of the class of interest (land) were first
determined. This approach used a maximum of eight adjacen-
cies defined by the four cardinal compass directions as well as
the four diagonal adjacencies. In order for pixels at the edge of
any given area of interest (AOI) to have a total possible eight
adjacencies, adjacencies from pixels immediately outside the
AOI were included in the calculations.

For this study, AI was calculated at the landscape (LAI)
level. LAI has a range of values from 0–100 and utilizes the
percent area occupied by the class within a given AOI to
modify the AI value. LAI was calculated using the following
equation:

LandscapeAI ¼
X AdjacenciesPerPixel

ClassPixelCount*8
*PercentAOI*100

where AdjacenciesPerPixel= the number of adjacencies of
like class value per pixel, ClassPixelCount= the number of
pixels of the class within the AOI, and PercentAOI= the dec-
imal percent area occupied by the class within the AOI.

For this effort, AI had to be calculated over a million times
at varying scales, and as such, computational efficiency was a
necessity. In order to facilitate the calculation of LAI an auto-
mated Geographic Information System (GIS)-based tool was
developed. This tool was written using the Python scripting
language. The ability to automate the calculation process was
an integral part of tool development.

The most highly aggregated and disaggregated forms of the
AI are included in Fig. 2. For a given land pixel, the most
disaggregated state is represented in Fig. 2a and the most
aggregated state is shown in Fig. 2b.

In order to calculate and compare AI values across path/
rows, a grid assessment was performed. Land/water datasets
were analyzed in each path/row separately, and were then
summarized on a coastwide basis using a 250 × 250 m grid.
LAI and percent land were summarized per 250 m grid cell for
every date of imagery included in each path/row. Because
each of the four coastwide path/rows has a different number
of images it was necessary to develop a way to unify the AI
values across the whole coast. To deal with the disparities in
spatial coverage, we calculated weighted moving averages
wherein a minimum of three dates of imagery that occupy or
surround a single year are weighed and averaged based on
their distance from the goal year. Not only does this facilitate
coastwide assessments, it also lessens the impact of abnor-
malities in any one date. For example, abnormally high or
low water levels on a single date would be mitigated by the
inclusion of multiple dates in any one data point. The end
result is a coastwide moving average AI value that repre-
sented every year of imagery (1985–2010). This allows us to
make comparisons between AI values which occupy different
path/rows.

Results and Discussion

Accuracy Assessment of Land/Water Classifications

The average accuracies were 94.3 % within the areas of con-
sistent land (group 1), 99.7 % for the areas of consistent water
(group 2), and 90.8 % for the areas which varied among land
and water categories (group 3). Those accuracies were

Fig. 2 Examples of a a
disaggregated (LAI = 0 %) versus
b aggregated (LAI = 100 %)
landscape. Where blue represents
water and green represents land
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multiplied by the percentage of the study area within each
group, leading to an estimated overall accuracy of 96.4 %
when averaged for all images used in this study. Overall ac-
curacy values of this magnitude are generally considered high
for remotely-sensed classifications however, the fact that the
classifications contain only two categories and the inclusion of
areas of persistent land and water in these calculations may
explain the high values. The accuracy within group 3 may be
the value which is most applicable to the areas of interest in
this study however, it is important to remember that areas of
stable land are of particular importance to this study also.

In general, these land/water datasets are considered ex-
tremely accurate. However, it is important to remember the
spatial resolution of the images (30 m) and there may be some
features which are too small for the sensor and the image
analyst to detect. The accuracy values provided are intended
to provide some overall context regarding the general accura-
cies of the datasets as a whole.

Spatial Configuration

The results of this analysis indicate that aggregation of coastal
Louisiana wetlands varies in time and space. To better under-
stand these patterns we considered AI at the coastwide, basin/
marsh type, and restoration site scale.

Coastwide

In general, forested wetland landscapes tend to be the most
aggregated, with AI values averaging 96.61 % (Fig. 3). These
landscapes also tend to be the most stable, with no

disaggregation observed over the time period, and a slight
overall trend toward aggregation (0.00688 %/year). This is
consistent with trends of wetland loss which have shown for-
ested wetlands to be very stable landscapes (Barras 2006,
2007). Fresh marsh was the second most aggregated and sta-
ble wetland type, with values averaging 72.45 % and a slight
trend (0.0229 %/year) toward aggregation observed over the
time period.

The remaining marsh types, (intermediate, brackish,
and saline) are generally comprised of more fragmented
landscapes than that of forested wetlands and fresh marsh.
While the general trend is decreasing aggregation with
increasing salinity among marsh types, intermediate and
brackish marshes often displayed similar aggregation
trends. Intermediate marsh coastwide AI values averaged
67.32 % and experienced a trend toward disaggregation
by 0.21 %/year, while brackish marsh coastwide AI
values averaged 68.86 %, and experienced a trend of dis-
aggregation of 0.277 %/year over the same time period.
Trend analysis suggests that although brackish marsh is
currently more aggregated on average, it is disaggregating
more quickly.

Saline marsh was least aggregated marsh type, with
coastwide values averaging 40.31 % and has experienced
the greatest trend toward disaggregation at 0.4 %/year over
the study period. Saline marshes are generally exposed to
more erosion as a result of their position in areas of high wave
energy. This erosion has contributed to, and is exacerbated by
wetland fragmentation. Additionally, saline marshes often oc-
cur in regions of the coast experiencing the highest rates of
eustatic sea level rise (ESLR) and subsidence (DeMarco et al.

Fig. 3 Coastwide average
landscape aggregation index by
marsh type in coastal Louisiana
(1985–2010)
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2012), both of which contribute to the loss and fragmentation
of this marsh type.

AI varies spatially across coastal Louisiana (Fig. 4). Some
of the most obvious patterns observed in Fig. 4 are the large
expanses of wetland area with high AI values in the upper
portions of Terrebonne, Barataria, and Pontchartrain basins.
These correspond to forested wetland areas that are both con-
tiguous and predominantly stable. Figure 4 also shows a band
of low AI values which stretches from lower portions of
Terrebonne and Barataria basins and into Breton Sound basin.
This band of low AI values corresponds to an area of elevated

wetland loss in the Deltaic Plain delineated by white arches in
Fig. 5 (Couvillion et al. 2011). Finally, another interesting
mosaic of patches exists in the Chenier Plain in southwest
coastal Louisiana. This region is heavily managed and the
hydrology in the region has been altered, resulting in a patch-
work of aggregated and disaggregated landscapes.

Rather than looking at AI on a given date, or an aver-
age of dates, looking at overall trends in AI in a spatial
context is very informative regarding how the landscape
is changing. For this analysis, a simple linear trend was
calculated for each 250 m grid cell. The slope of those

Fig. 4 Average AI in coastal Louisiana (1985–2010). Lower AI values represent areas in which wetlands are in a more disaggregated state

Fig. 5 Linear change rates of the landscape aggregation index in coastal Louisiana (1985–2010). Wax Lake Delta indicated asWLD. Atchafalaya Delta
indicated as AD. Mississippi River Delta indicated as MRD
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trends is represented in Fig. 5. Red symbologies in Fig. 5
represent areas experiencing disaggregation, while green
symbologies represent aggregation over the time period.
Areas of little to no change with regard to aggregation are
transparent in this representation. It is evident from Fig. 5
that trends of aggregation and disaggregation vary sub-
stantially in space across coastal Louisiana, but disaggre-
gation dominates the landscape. Areas experiencing more
rapid disaggregation are shown in darker red symbolo-
gies. Many of these areas occur in the same previously
mentioned band of elevated wetland loss and disaggrega-
tion shown in Fig. 5.

Green symbologies are less prevalent in Fig. 5, however
there are specific areas in which clear trends of aggregation are
occurring. Actively prograding deltas such as the Wax Lake
Delta (WLD), Atchafalaya Delta (AD) and Mississippi River
Delta (MRD) are aggregating. Other regions, such as the
Chenier Plain, are experiencing less distinct patches of aggre-
gation mixed with areas of disaggregation.

Basin/Marsh Type

Coastal Louisiana is divided into nine hydrologic basins and
five vegetation zones (forested wetland, fresh, intermediate,
brackish, and saline marsh) (Fig. 1). These basins contain
landscapes of varying composition and configurations, and
are subject to different processes impacting the development
of those landscapes. It is therefore useful to examine land-
scape aggregation in each of these basins.

Across all basin/marsh type combinations, intermediate
marsh in Breton Sound Basin was shown to have experi-
enced the greatest reduction in AI over the time period,
with a trend toward disaggregation of 0.92 %/year
(Fig. 6c, Table 2). In reality, the trend in this area has
not been linear however and experienced an extreme dis-
turbance from Hurricane Katrina in 2005 and Hurricane
Gustav in 2008. Wetland loss and the fragmentation asso-
ciated with hurricanes Katrina, Rita, Gustav, and Ike has
been well documented (Barras 2006, 2009). These events

Fig. 6 Average landscape aggregation index by basin and marsh type in coastal Louisiana (1985–2010) a Atchafalaya Delta, b Barataria, c Breton
Sound, d Calcasieu-Sabine, e Mermentau, f Mississippi River Delta, g Terrebonne, h Teche-Vermilion, i Pontchartrain, basins

Wetlands



can scour and remove marsh, thereby disaggregating
marsh, but they can also lead to temporary flooding which
can affect landscape composition and configuration esti-
mates. It is both these permanent and transient effects
which explain the low LAI values in 2006 and 2008 in
Breton Sound, particularly in fresh and intermediate
marshes.

Saline marsh in Barataria and Terrebonne basins experi-
enced the second and third most significant trend toward dis-
aggregation with disaggregation rates of 0.54 %/year and
0.52 %/year respectively. Following these areas, brackish
marsh in Barataria, Breton Sound, and Terrebonne basins ex-
perienced the next highest disaggregation rates at 0.44%/year,
0.43 %/year, and 0.37 %/year (Table 2). All of these land-
scapes occur in a band of elevated wetland loss and fragmen-
tation occurring in the Deltaic plain (Fig. 5).

While fresh marsh occupies only a small portion of
Breton Sound Basin, it has shown the next highest rate
of disaggregation over the time period, with a rate of
0.36 %/year. The only portion of this basin in which fresh
marsh occurs is a region surrounding a freshwater diver-
sion (Caernarvon), and as such, water level variability can
affect remotely sensed estimates of composition and con-
figuration. The low AI values observed during the 1996–
1997 time period (Fig. 6c) and the imagery from which
the AI was calculated during these years, correspond to a
period of above average discharge from the diversion.
This region has also been affected by recent hurricanes
including Katrina and Gustav.

Basin/marsh type trends vary spatially as shown in
Fig. 6 and Table 2, with trends which mimic those of land
change rates in wetlands of those regions. Generally, the
higher the land loss rate occurring in a wetland area, the
higher the rate of disaggregation, as is to be expected.
Both wetland loss and fragmentation have been shown
to increase along an increasing salinity gradient, and both
loss and fragmentation in the Deltaic Plain far exceeded
that in the Chenier Plain.

Of interest are the few basin/marsh type regions which are
experiencing a trend toward aggregation. The regions with the
highest rate of aggregation correspond to actively prograding
deltas including fresh marsh in Atchafalaya Delta and
Mississippi River Delta basins (aggregating at rates of
0.33 % and 0.29 %/year respectively). These areas are some
of the only regions in coastal Louisiana which receive signif-
icant supplies of mineral sediment, and as such, have been
experiencing growth (WLD and AD), or at least stability and
apparent aggregation (MRD). Of note however is the high
variability in the AI in some of the marsh zones in these active
deltas including the brackish marsh in MRD (Fig. 6f). High
water level variability due to the riverine influence contributes
to this variability, and should be considered when interpreting
trends in these areas.T
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Evaluating Restoration Project Effect on Spatial
Configuration

The Coastal Wetlands Planning, Protect ion and
Restoration Act (CWPPRA) program began in 1990 and
its purpose is to identify, plan, and construct coastal res-
toration projects. CWPPRA has built over 100 restoration
projects in coastal Louisiana since its inception, with an-
other 50 funded for engineering and design (LA
CWPPRA TF 2012). Examples of project types are hydro-
logic restoration, marsh creation, shoreline protection,
marsh management, sediment and freshwater diversions,
and vegetative planting.

In order to evaluate restoration effects on aggregation, the
tool was used to calculate LAI for a selection of constructed
CWPPRA restoration projects (Fig. 7). Both pre- and post-
construction trends were analyzed and compared to land area
change trends. The AI linear trends mimicked that of land area
change trends for the projects.

Bayou LaBranche Wetland Creation (PO-17) is a marsh
creation project located in St. Charles Parish and is bounded
byU.S. Interstate 10 to the south and Lake Pontchartrain to the
north. The project construction was completed in 1994. As a
result of the introduction of the elevated marsh platform, both
AI and land change trends changed from negative to positive
(Fig. 8a and b). This implied the project area is not only main-
taining its land area, but also its spatial configuration.
Variability in land area, as well as AI, were attributed to water
level fluctuations within the project caused by ponding within
the center of the project area. Once water got in, it may have

taken longer to drain, thus the range in values post-construc-
tion. The November 2000 data point was excluded for this
reason.

Lake Chapeau Sediment Input and Hydrologic
Restoration, Point Au Fer (TE-26), which consists of hydro-
logic restoration and marsh creation components, was com-
pleted in 1999 and is located on Point Au Fer Island, east of
Atchafalaya Bay. The marsh creation (0.65 km2) is a small
component of the total project area (56 km2), so the immediate
increase in AI and land area acres was not evident (Fig. 8c and
d). The 2005 data point was excluded because the image was
taken post-hurricane, and the change was not persistent. Both
land change and AI trends shifted from negative to positive.
The subtle change suggests the hydrologic restoration compo-
nent has aided in the reduction and reversal of the land change
and AI rates.

To examine how restoration projects in the delta areas
of coastal Louisiana compare, two sediment placement
projects were evaluated. Sediment placement projects
consist of placing sediments, usually sand, in areas near
the borrow source. Often these projects are referred to as
beneficial use projects because the sediment source is the
result of scheduled dredging to maintain channels.
Dustpan Maintenance Dredging Operation for Marsh
Creation in the MS River Delta Demonstration (MR-10)
is located in the Mississippi River Delta and was complet-
ed in 2002. Prior to construction, AI and land area change
rates were minimal and variability in observed values
could be attributed to water level variations in the deltaic
environment (Fig. 8e and f). The January 2000 data point

Fig. 7 Selected Coastal Wetlands
Planning Protection and
Restoration Act (CWPPRA)
project locations

Wetlands



was excluded from the analysis due to low water levels at
the time of image acquisition that resulted in exposed mud
flats and an over estimation of land during classification.

After the dredged sediment was placed, variability de-
creased and both the AI and land change trends changed
from slightly negative to positive. While the land change

Fig. 8 LAI and land area change trends for selected CWPPRA projects a PO-17 AI, b PO-17 land change, c TE-26 AI, d TE-26 land change, eMR-10
AI, f MR-10 land change, g AT-02 AI, and h AT-02 land change

Wetlands



rate became positive, probably due to sediment place-
ment, the positive change rate is similar to pre-construc-
tion. This suggests that the project area is not gaining
land, but is maintaining land. Atchafalaya Sediment
Delivery (AT-02) is located in the Atchafalaya Delta and
construction was completed in 1998. Figure 8g and h
show similar results to MR-10. Prior to construction, the
land change rate was close to zero. Post-construction, the
land change rate shifts to a more positive slope. This
suggests that not only did the sediment placement aid
the area by creating more aggregated land, but it is facil-
itating delta building. Due to water level influences within
the deltaic project locations, AI and land area values were
variable. The October 1993 data point was excluded from
consideration due to low water levels at the time of the
image acquisition, which resulted in mudflats that were
recognized as land during image classification. In addi-
tion, low r2 values can be attributed to the water level
fluctuations and the moderate change rates.

Link between Spatial Configuration and Susceptibility
to Wetland Loss

While it is known that wetland loss contributes to frag-
mentation, and it is suspected that fragmentation contrib-
utes to wetland loss, few studies have actually tested that
hypothesis at a landscape scale over a long period of
record. To determine if such a relationship actually exists,
we compared AI in a preceding time period to the rate of
land change which would occur in subsequent time pe-
riods. For this assessment, AI was assessed on five dates:
1985, 1990, 1995, 2000, and 2005. A land change rate
was then calculated for each 5 year period following that
initial date. For example, AI in 1985 was compared to a

land change rate calculated for the 1985–1990 time peri-
od. A land change rate is expressed as a percent per year
of the remaining land at the beginning of each time peri-
od. The resulting land change rate and the AI from the
preceding time period were then compared. The results
are seen in Fig. 9 below.

These results suggest that spatial configuration of wet-
lands is not only a function of wetland loss, but also a
contributor to the land change occurring in the region.
While the causal mechanisms of wetland loss may lead
to the initial fragmentation of wetlands, the fragmentation
itself then contributes to increased exposure and vulnera-
bility of wetland landscapes, thereby increasing the prob-
ability of furthered wetland loss. While the correlation
coefficient observed (0.5562) is not particularly high, we
know that there are many other causal mechanisms (such
as subsidence, sea level rise, and availability of sediment)
at play in the loss and fragmentation of wetlands. The
existence of a significant (P< 0.0001) relationship is of
interest as this is the first time that fragmentation has been
shown to contribute to furthered wetland loss in coastal
Louisiana.

Impacts of Spatial Configuration

We have shown that fragmentation leads to increased sus-
ceptibility to wetland loss, a process which most would
agree is a negative effect, the merit of other impacts of
wetland fragmentation are more difficult to interpret. Haas
et al. (2004) found that habitats containing more edge
fostered an increased survival rate of brown shrimp by
both providing more access to vegetation and reducing
movement-related mortality. From a habitat perspective,
a species may, at least initially, prefer landscape

Fig. 9 Relationship between
aggregation index and land
change rate in subsequent periods
(P< 0.0001). Colors represent the
point density of data points per
unit of AI and per 0.1 %/year of
land change rate
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configurations which contain more edge, and consequent-
ly more habitat for species which utilize that edge. In this
case however, edge can increase or decrease as a result of
wetland loss depending upon landscape configuration.
Edge will initially increase as a result of wetland loss
and the resulting fragmentation of the landscape. This
increase continues until a peak, at which continued wet-
land loss will lead to a decrease in edge, thus creating a
curvilinear relationship between wetland loss and edge.
This curve was first hypothesized by Browder et al.
(1985).

Considerations of fishery habitat preferences aside, this
study aims to assess the impact of wetland fragmentation
on landscape stability, and assess the types of landscape
configurations which promote that stability. Spatial integ-
rity refers to the spatial extent, configuration and connec-
tivity of wetland landscapes which support the persistence
of those wetlands. From a spatial integrity standpoint, this
study has shown that more contiguous, aggregated land-
scapes contribute to landscape stability.

Conclusions

The distribution of wetlands in space is a key aspect determin-
ing a landscape’s functionality and susceptibility to loss.
Coastal Louisiana wetlands are being lost and as a result, the
remaining landscape is becoming further disaggregated. In
part, as a result of that disaggregation, more wetlands will be
lost, creating a cycle that results in furthered loss of wetlands
and the ecosystem services those wetlands provide.

If not restored, wetland loss and fragmentation will contin-
ue to result in dramatic changes in the pattern of the coastal
Louisiana landscape. We argue that the restoration of not only
spatial extent, but also configuration and connectivity of the
wetlands is critical to the integrity and sustainability of the
ecosystem. Restoration activities should pursue the creation
of a landscape composed of patch configurations which ex-
hibit persistence yet maintain moderate levels of hydrologic
connectivity. Such a mosaic would promote functionality
while balancing the risk of exposure, thus supporting both
structural and functional integrity. In addition, the LAI tool
could be used by project planners and decision makers to
evaluate restoration projects and help determine locations
where restoration dollars and resources can best be
implemented.

Remote sensing technologies combined with landscape
metrics have proven essential in studying these trends over
time (O’Neill 1997, Yang and Liu 2005; Suir et al. 2013).
Satellite imagery is useful due to the large number of historic
images available over an extended period of record as well as
wide spatial coverage. Numerous landscape metrics and types
of imagery exist and future studies could look at other kinds of

each in the hopes of better understanding coastal processes.
Future improvements could be to better understand/estimate
water levels at the time of satellite imagery capture. Having a
better way to estimate the water levels will give us a greater
understanding of anomalies which may be seen in the classi-
fied land/water imagery. This may be due to abnormally high
water which can lead to marsh flooding or abnormally low
water which may expose mud flats and make land appear
more widespread than it is in actuality. If we could find a
method to normalize for water levels it could improve our
land/water datasets which in turn will improve our aggrega-
tion index output.
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