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Qualitative inferences and sparse bay-wide measurements suggest that shoreline erosion increased after the
2010 BP Deepwater Horizon (DWH) disaster, but quantifying the impacts has been elusive at the landscape
scale. We quantified the shoreline erosion of 46 islands for before and after the DWH oil spill to determine
how much shoreline was lost, if the losses were temporary, and if recovery/restoration occurred. The erosion
rates at the oiled islands increased to 275% in the first sixmonths after the oiling, were 200% of that of the unoiled
islands for the first 2.5 years after the oiling, and twelve times the average land loss in the deltaic plain of 0.4% y−1

from 1988 to 2011. These results support the hypothesis that oiling compromised the belowground biomass of
the emergent vegetation. The islands are, in effect, sentinels of marsh stability already in decline before the oil
spill.

© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The 20 April, 2010 Deepwater Horizon (DWH) oil spill 66 km from
the Louisiana coastline was momentous in terms of its prolonged re-
lease, the wetland area covered with oil, multiple oilings (Boufadel et
al., 2014), and the anticipated ecological effects. This accident released
approximately 4.9 million barrels of oil and gas hydrate, of which
0.8 million barrels were collected before the remaining 4.1 million bar-
rels dispersed into the Gulf ofMexico over 87 days (McNutt et al., 2012).
It was seven times larger than the 1989 Exxon Valdez oil spill in Alaska,
and the largest in US history. The oil released reached about 1055 km of
Louisiana's shoreline (348 km of ≥heavier oiling), equaling about 65% of
the total oiled shoreline in the Gulf of Mexico and 95% of the oil wetland
area (Nixon et 2016). Oil arrived at the beach mid-May (Boufadel et al.,
2014), inside the estuaries in significant quantities in early June 2010
(NOAA 2013), and observations from two different shoreline erosion
studies started months afterwards. McClenachan et al.'s (2013) mea-
surements at 30 shoreline locations within a few km of each other
began in November 2010, and Silliman et al.'s (2012) shoreline erosion
measurements for three oiled stations and three control sites started in
October 2010. Both studies, therefore, had no baselinemeasurements of
shoreline changes before the spill or in the first few months afterwards
when oil toxicity might be the highest. Quantifying how the salt marsh
system immediately responded to the oiling over a broader geographi-
cal area and at many more sites may inform our understanding of the
. This is an open access article under
influence of multiple stressors on these systems occurring before sea
level rise begins its anticipated strong acceleration (Strauss, 2013).

There are hundreds of islands with salt marsh vegetation in Louisi-
ana estuaries that could be used for this purpose (Fig. 1). Some islands
were oiled in 2010 and some were not, thus offering a potential natural
laboratory to test for differences in shoreline erosion rates, and to indi-
rectly test for evidence of recovery from shoreline erosion. We mea-
sured the changes in island widths and lengths from 1989 to 2012 for
a suite of islands that were, or were not, oiled by the 2010 DWH oil
spill.Weused these data to address three questions: 1) howmuch faster
is the shoreline retreat when these marshes are oiled? 2) how long do
their effects last?, and, 3) is there recovery?

2. Materials and methods

2.1. Landscape background

About 23% Louisiana's coastal wetlands converted to open water
from the 1930s to 2014, with a peak loss rate of 0.86% y−1

(12,700 ha y−1) from 1958 to 1975, and then a decline to a few
km2 y−1 and even recent stasis in some areas (Couvillion et al., 2011).
These land-to-water conversions are tightly coupled in time and space
with, and many conclude are driven by, the amount of dredging done
to create channels through themarsh (Turner, 2011). The plants survive
within a tidal amplitude of 10 to 20 cm (McKee and Patrick, 1988), and
require favorable soil oxidation gradients (Mendelssohn et al., 1981).
The predominately organic surface soils originating from these plants
overlie layers of sand, silts and clays far below the root zone, and depos-
ited hundreds, if not thousands of years ago. The roots and rhizomes
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Photomosaic of oiled islands. (A–C). Examples of changes in the size and shape of three islands from January 1998 toMay 2010, before the oiling of themarshes in south Louisiana.
The yellow bar is 100 m long. (A) site 3.16; (B) Cat Island, location of a Pelican rookery before 2010 (located north of Grand Terre, LA, USA); (C) site 1.6; (D) Bay Jimmy on 14 December
2010. The brown fringes of the land-water interface are oiledmarshes; (E) Cat Island on 12 June 2010. An oil boom surrounds the island; (F and G) Cat Island on 7May 2012. The pelicans
are the white specks in F, and seen flying in G; (H) Bay Jimmy on 14 December 2010. The brown edge is the oiled marsh platform that has lost vegetation and subsided about 10 cm.
Photo credits: photos D, G, H by Tyrone Turner/www.tyronefoto.com; photo E by Joel Sartore/www.joelsartore.com.
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within the modern organic layer helps to hold the overlying marsh soil
together.

The vegetation on all islands examined is primarily salt marsh dom-
inated by Spartina alterniflora, with some patches of Spartina patens and
Schoenoplectus americanus, Phragmites australis and the occasional black
mangrove, Avicennia germinans. A few islands are important bird rook-
eries for several species including the brown pelican (Pelecanus
occidentalis Linnaeus, 1766), the Louisiana State Bird that was re-
introduced to Louisiana after near-extinction from pesticide poisoning,
and taken off the threatened and endangered species list in 2009.

2.2. Aerial imagery

We used readily-accessible and credentialed aerial imagery to mea-
sure the width (east to west) and length (north to south) of 46 islands
(SI Fig. 1) starting in 1989 and 1990 to the end of 2012. The islands

Image of Fig. 1
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were chosen before being designated as oiled or not as a result of oil
from the April 2010 DWH disaster. The oil reached the mainland for
the first time in late June 2010. This was an intentional order of analysis
meant to minimize subjectivity. Islands intermingled among a substan-
tial marsh or with dredged channels were excluded, as were island im-
ages containing a seam between two photos.

The photographs are in the publicly-accessible softwareGoogleEarth
(vers. 7.1.1.1888; accessed from August to October 2013 and June
2014). The photos come fromvarious US agencies that routinely process
satellite and aerial imagery that is publicly available (e.g. US Geological
Survey, US National Aeronautics and Space Administration, and the US
Department of Agriculture). The quality of the aerial photos is sufficient
to determine the presence of oil booms, pelicans on roosts, and recrea-
tional fishing boats. The software facilitates easy movements from one
photo to another while maintaining a vertical position.We used the lin-
ear measurement tool to measure the east-to-west and north-to-south
dimension of a geomorphic feature of each island appearing in all
photos. Not all photos are precisely and accurately registered with
each other, and so ameasurementwas positioned in reference to an an-
chor point (the geomorphic feature) that remains in each photo. It was
important to find the same recognizable feature from the oldest to the
latest photographs, and to use only those islands that remained intact
as one island for the entiremeasurement interval. The recognizable fea-
tures usedmight be an indentation or promontory whose basic shape is
maintained through the entiremeasurement interval. Themarsh-water
edge was easily identified because these marshes have emergent vege-
tation up to the shoreline that is at least 50 cm high at all times. The
marsh is at the upper-level of a 20 to 30 cm tidal range.We only exclud-
ed measurements if there was cloud interference (poor visibility).

We evaluated the precision of these images by making measure-
ments of the distance between fixed points on structures for six differ-
ent locations within the Barataria and Terrebonne Bay estuaries. Seven
to twelve different photographs were used for each site, with each
representing a different photograph date. The standard error of the
mean (SEM) for the widths of the fixed structures ranged from 0.09 to
0.33 m, with a coefficient of variation of 0.22 to 0.89% (Table S1).

Some aerial images were of insufficient quality or had an incorrect
date. The earliest photo for the 46 islands was from 1989, and the latest
from November 2012 (themean (μ) time interval 15.98± 0.56 y; μ±1
SEM). There were a minimum of five and a maximum of nine aerial im-
ages taken before themarshwas oiled that we used to construct an ero-
sion rate ending in May 2010 for each island.

A simple linear regression of the relationship of island width (m)
and time (days) was made for each island before May 2010, and used
only if the coefficient of determination (R2) was N0.90. This pre-oiling
erosion rate is the ‘baseline erosion rate’. The first interval after the
DWH disaster (μ = 2010.21 ± 0.08 yr; n = 46) used photographs
from April or May 2010, and ended in December 2010 (μ =
2010.99 ± 0.0001; n = 45). The second interval continued until at
least April, and sometimes to August 2011 (μ = 2011.42 ± 0.03 y;
n = 32). The third interval ended in November or December 2012
(μ = 2012.83 ± 0.001; n = 46). The data are in Tables S1 and S2.

The erosion rates were then calculated for five intervals: (1) the
2010 initial post-oiling interval up to December 2010, (2) the early
2011 interval from December 2010 to spring/summer 2011, (3) from
the beginning of the first interval to the end of the second (spring/sum-
mer 2011), (4) from spring/summer 2011 to the end of 2012, and (5)
from May 2010 to the end of 2012. The post-oiling erosion rates were
normalized to the pre-spill erosion rate by dividing by the baseline ero-
sion rate to obtain relative rates for each site for all intervals. Examples
of the changes from circa 1990 to 2012 are in Figs. 1A, B and C.

We recognize that we are measuring island length and width (ero-
sion), but not island area. Using these photographic sources to measure
island dimensions may be novel, and it does have the advantages of
being easily accessed and inexpensive, and the accurate results are rep-
licable. The large number of different islands (n = 46) spread over
60 km distance, and the multiple photographic dates used, made this
an analysis that was more spatially and temporally expansive than
any previous analysis of the impact of marsh oiling that we are aware
of. It is a landscape-scale approach with quantitative results.

2.3. Categories of oiling

We used two categories of exposure to the 2010 BP Macondo oil:
oiled and unoiled. The definition was based on the multi-agency dam-
age assessment operations called SCAT (Shoreline Cleanup Assessment
Technique, Michel et al., 2013). The SCAT assessment has six color-
coded categories to indicate thedegree of oiling of the shoreline: red, or-
ange, yellow, green, light green, and blue that are equivalent to heavy,
moderate, light, very light, trace and no oil, respectively (NOAA,
2013). Sites were considered ‘oiled’ for this analysis if the shoreline in-
cluded red, orange or yellow assessments. Sites coded with only green
or light green were not included in the analysis. Shorelines with por-
tions coded as green or light green were not used if they were mixed
with shorelines with blue assessments. Island shorelines coded with
only blue were defined as ‘unoiled’. Island shorelines without a color
classification were not used.

2.4. Sampling design and analysis

We compared the erosion of oiled and unoiled islands before and
after the 2010 DWHoil spill. One of the reasons for this sampling design
is that we were concerned that the final distribution of oil might be di-
rectly related to variance in the shoreline erosion rates occurring before
the spill. This might be because the movement of Macondo oil from
100 km offshore and into these estuarine systems was strongly influ-
enced by currents, as is the erosion of estuarine islands. But the erosion
of the islands occurs over years and in all months, whereas the oil trans-
port from this particular spill was largely episodic (there was re-oiling,
however) with a peak in August 2013 (Michel et al., 2013; Zengel et
al., 2015). Erosion is a continuing process, therefore, whereas the oiling
was not. The oiling was also patchy among islands – there were heavily
oiled islands that were sometimes within a kmof an island that was not
categorized as oiled (see, for example, the SCAT maps discussed by
Michel et al., 2013). For example, we previously studied some heavily-
oiled shorelines in Bay Batiste that had no oil 20 m further down the
shoreline (McClenachan et al., 2013). We therefore chose a sampling
design using a large number of sampling sites because of the patchy dis-
tribution of the oil in space and the multiple stressors possibly affecting
shoreline erosion, some of which might be co-related. We were able to
test for differences in erosion rates of oiled and unoiled islands before
theDWHoil spill, andwe used these results to test for the effect of oiling
on shoreline erosion over time.

We investigated if the 22 oiled and24unoiled islandswere of similar
width and length, if they eroded at the same rates before spring 2010,
and if they had the same anticipated longevity. We normalized the ero-
sion rate of each island for each interval after the oil spill by comparing
the erosion rate for the interval (m y−1) to the baseline value (m y−1)
from before the oil spill and used a log transformation to test differ-
ences. We used an unpaired Student's t-test to test for absolute differ-
ences between the two data sets within the time period. The statistical
measure of variance is the μ ± 1 SEM, unless otherwise indicated.

We used the average increase in shoreline erosion from oiling (de-
scribed above) and the SCAT surveys of oiled shoreline length in Louisi-
ana (Nixon et al., 2016) to estimate a cumulative marsh-to-water
conversion for the 2.5 years after May 2010.

In brief, then, we used verified aerial imagery to study island erosion
in four directions for before and after an apparent stressor. The data
were divided into the islands that were oiled or not using oiling catego-
ries defined by others, so therewas an independent and binary category
definition established. We are report herein on the differences found in
erosion between oiled and unoiled islands.



319R.E. Turner et al. / Marine Pollution Bulletin 110 (2016) 316–323
3. Results

3.1. Erosion rates

The width, length and erosion rate of the 22 oiled and 24 unoiled
islands located in three estuaries were similar at the end of the baseline
measurement period that ended before oiling began (Fig. 2). The width
of the oiled and unoiled islands was 274.3 ± 57.6 and 238.5 ± 49.7 m,
respectively, and the average island length (north to south axis) of the
same oiled and unoiled islands was 377.6 ± 60.3 and 513.6 ± 71.2 m,
respectively (Figs. 2B and E). There was no statistically-significant dif-
ference in the erosion rate of oiled and unoiled islands before the
2010 oil spill (the erosion rate along the east-to-west axis for the oiled
and unoiled sites was 5.2 ± 0.68 and 5.2 ± 0.55 m y−1, respectively,
and 8.1 ± 1.4 and 5.2 ± 0.85 m y−1, respectively, along the north-to-
south axis; Figs. 2A and D). If the islands eroded at these rates in the fu-
ture, then the average longevity of the oiled and unoiled islands would
be 61.1 ± 10.5 and 54.9 ± 10.8 years, respectively (Figs. 2C and F),
equivalent to an average linear contraction rate of 1.8 and 2.2% y−1, re-
spectively. There was no difference in the erosion rates (width or
length) for islands in the three estuaries (Fig. S2). These results form
the basis for evaluating changes in island morphology after the oil
from the Macondo oil spill entered estuarine waters.

The relative erosion rate of islandwidth and length during the first 8
to 12 months after spring 2010 was significantly higher for the oiled
islands compared to the unoiled islands (Figs. 3B and C; intervals a, b,
and c). The relative erosion rate for oiled islands from spring 2010 (be-
fore the spill) to the end of 2010 (after the spill) was 250% and 319% of
the 16 year long baseline value for the width and length, respectively.
The average erosion rate of island width at oiled sites declined to 248%
of the unoiled sites within the first 5 months of 2011, and was 130%
from spring 2011 to the end of 2012 (Fig. 3B). The enhanced erosion
rate for oiled island width was 170% that of the unoiled sites over the
2.5 years after the oil spill. The erosion of the island length over the
2.5 years after the oil spill was 247% of that on the unoiled islands
(Fig. 3C, interval d), but lower (p N 0.05) for the interval ‘b’ after oiling.
Fig. 2. Comparisons of the average erosion rates (myr−1; A andD), island transectwidth and len
and 24 unoiled islands. The data are themean, 95% confidence interval, and the individual data (
where a p value ≤ 0.05 is significant.
The general pattern is, therefore, that island erosion rose to 275% of
the pre-oiling rate during the first 8 months after the DWH oil spill, was
200+% higher for the first 12 months, and slowed to the point where
there was no detectable difference in the erosion rates for the
1.5 years after the spill. The average erosion rate for the oiled marshes
was around 200% of that for the unoiled islands over the entire
2.5 year record. The average enhanced erosion in island width and
length was 3.07 m y−1 from May 2010 to December 2012, equaling an
average shoreline erosion rate that was 1.54 m y−1 higher at the oiled
islands compared to of the unoiled islands.

4. Discussion and conclusion

4.1. Cumulative shoreline erosion

The summary observation is that the average oiled and unoiled is-
land width, length and erosion rate before the oil spill were similar,
and that the result of the oil spill was about 275% of the erosion rate
of the oiled islands in the first 8 to 12 months after the oil spill, com-
pared to the unoiled islands. The average enhanced erosion rate for
the oiled islands declined thereafter, and was about twice the average
erosion rate of the unoiled sites over 2.5 years. There was no evidence
of reversal in the aggregate, although temporary re-vegetation may
have taken place between the photographed intervals at individual
islands.

The results of our analysis of shoreline erosion for 46 islands are sim-
ilar to the analysis of erosion rates from a study by Silliman et al. (2012)
who startedwith 3 oiled and 3 unoiledmarshes in eastern Barataria Bay.
They measured a doubling in the shoreline erosion rate in months 8
through 15 after the oil spill (equivalent to 1.5my−1), andnodifference
between control and oiled sites after 15months. The choice of sampling
sites was plagued by the possible consequences of oiling on all but one
of their six sites after the site classification was made and the study
began (NOAA, 2013; Khanna et al., 2013), and that two of the three
sites defined as ‘oiled sites’ overlap the area of an intensive field exper-
iment about the efficacy of post-spill mitigation approaches (Zengel and
gth (m; B and E, respectively), and implied lifetime remaining (years; C and F), for 22 oiled
open circles). The p values are for a Student's t-test for differences between the two groups,

Image of Fig. 2


Fig. 3. Comparisons of the relative erosion rates of islandwidth and length infive different
time periods for oiled and unoiled islands. A. The intervals sampled (a, b, c, d and e). B. The
data for the five sampling intervals for island width. C. The data for the five sampling
intervals for island length. The data are the range and standard error of the mean for the
island transect width and length (m) for values normalized relative to 16 years before
the DWH disaster where 1 = the baseline rate. The p value is for a Student's t-test for
differences between the two groups in each interval sampled. The percent of the erosion
rate at oiled and unoiled sites for each interval is also given. The sample number (n) is
in each bar. The overall average increase of the erosion width and length over 2.75 years
is 224% in the oiled sites compared to the unoiled sites.
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Michel, 2013). In spite of these potential problems, we can confirm the
broad outlines of their results with this larger sample size.

Recently reportedmeasurements by Zengel et al. (2015) focused in a
portion of our study area. They reported similar erosion rates for heavi-
ly-oiledwetlands aswe did compared to referencewetlands. The shore-
line retreat rates in the reference plots were very similar to previously
published rates of 0.8–1.3 m yr−1 for this portion of Barataria Bay, but
was 2–3 times greater in the heavily oiled plots compared to the refer-
ence plots in 2011 and 2012.

The resistance to erosion offered by plants at seashore, riverbank,
and hillside is presumed to be related to the root-enhanced structural
strengthening of soil (Van Eerdt, 1985; Michel and Kirchner, 2002;
Feagin et al., 2009; Francalanci et al., 2013;Wu, 2013). An increasing in-
cidence of cantilevered edge profiles after exposure to a strong stressor
might suggest that the soil beneath the main rooted layer is what is
compromised, not the plant. Wetlands oiled after the DWH oil spill di-
saster had reduced soil strength at 50 to 100 cm depth, but not above
where the majority of large roots are (McClenachan et al., 2013). Fur-
ther, the overhang width in highly oiled wetlands was greater than in
lightly oiled sites (McClenachan et al., 2013). The emergent vegetation
at other wetlands exposed to the DWH oil (Fig. 1), however, was killed
and there was no overhang – the wetland soil rotted in place, subsided,
or sloughed off as a green toupeé (Figs. 1D and H).
4.2. Comparisons with other oiled wetlands

Details about the cause-and-effect relationships between plant
physiology and oiling as it affects wetland stability may be sparse, but
there is empirical evidence demonstrating consequences that are may
be common among these wetlands and others that suggest continued
erosion is not reversible without management interventions. For exam-
ple, the disintegration of root mass after oiling is evident from the de-
creased trafficability of the wetland (Alexander and Webb, 1985),
subsidence or surface erosion, and a deeper cantilevered shoreline pro-
file (McClenachan et al., 2013). Hampson and Moul (1978) reported an
erosion rate over three years of 24 times that in the controlwetland that
they attributed to disintegration of the root system after oiling. The
compromises to belowground reserves leads to decreased plant produc-
tion aboveground and less re-growth for longer than a year (Ferrell et
al., 1984). Intentionally dosing a Chesapeake Bay salt marsh with fuel
oil fromNovember 1973 to August 1974 caused the loss of S. alterniflora
vegetation at the shoreline, and an eight to ten cm vertical drop of the
remnants (Hershner and Lake (1980). Greenhouse studies creating a
dose-response relationship between fuel oil and the growth of S.
alterniflora demonstrated a stronger effect on the belowground biomass
(reduced by 50%) than the aboveground biomass (Lin et al., 2002). Fur-
ther, the natural recovery from the effects of heavy oiling is not com-
mon. A 26-year post-mortem of a fuel oil spill in a Winsor Cove (MA)
salt marsh, for example, found that there was still a complete loss of
peat and that any plants remaining were anchored to a rocky shore
(Hampson, 2000). These results support the idea that the impacts are
long-lasting, that prompt remediation is important, and that natural re-
covery is unlikely.

4.3. Regional significance

Small scale observations of shoreline loss and recovery are not easily
converted to a landscape estimate because various influences tilt and
nudge the geomorphic constraints on wetland form from one land-
water equilibrium position to another. Channel size will match carrying
capacity (Allen, 1989), for example, and there are subtle influences of
tidal flats on wetland form and wave, wind fetch and currents influenc-
ing geomorphic form and function (Fagherazzi and Wiberg, 2009;
Marani et al., 2011, Mariotti and Fagherazzi, 2013). These influences
confound experimental design.

The relative significance of these shoreline changes can be put with-
in the context of the regional erosion of coastal wetlands. The pre-2010
erosion rate (m y−1) of the oiled and unoiled islands was about 1.5 to
1.6% y−1 of the islandwidth and length, respectively. The island shrink-
age for newly oiled islands was 4.8% y−1 in the first few months, but
2.9% y−1 over 2.5 years, which compares to an average contraction of
the unoiled islands of about 1.5% y−1. The higher contraction rates of
oiled wetland islands occurring in the few months immediately after
the oiling are 5.6 times the peak loss rates in coastal wetland that oc-
curred from 1955/6 to 1978 (0.85% y−1; Baumann and Turner, 1990),
and twelve times higher than the average loss rates in the deltaic
plain of 0.4% y−1 from 1988 to 2011 (Couvillion et al., 2011). Wetland
losses on island through erosion is considerably faster than on the larger
mass of wetlands attached to the mainland in this case.

A cumulative wetland erosion due to the oiling for the measured in-
terval was estimated to be the average increased shoreline erosion rate
of the oiled islands (1.54 m y−1) × years elapsed (2.51 y) × the cumu-
lative area of oiled wetland in Louisiana (1055 km; Nixon et al., 2016),
equal to 4.1 km2, or 1.6 km2 y−1. This amount compares to the
23 km2 y−1 wetland loss in the Barataria and Terrebonne estuaries
from 1998 to 2011 (Couvillion et al., 2011). The estimate of the cumula-
tive wetland-to-water conversion caused by oiling assumes that the is-
land erosion rate applies to all oiledwetlands, which is unlikely because
of the variance in the different suite of physical and biological factors af-
fecting island stability. The rate is clearly higher for wetlands on islands,

Image of Fig. 3
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than on the contiguous wetlands, and so this is an overstatement of
wetland area lost. In aggregate, though, islands are a sentinel of future
losses– beingmore sensitive to the shoreline stressors thannearbywet-
lands embedded in a contiguous wetland landscape.

The 50% difference between the erosion rates of oiled and non-oiled
islands was not statistically significant for the interval ‘d’ (p = 0.13),
which is when Hurricane Isaacmade landfall (August 2012). The effects
of this hurricane do not appear to have been a significant influence on
erosion rates, because shoreline erosion at the unoiled sites remained
below the average 16 year pre-spill rates, and were equivalent to the
loss rates in the three preceding sampling intervals (a, b and c; Fig. 2).

We could find no recent estimates of wetland dredge-and-fill losses
for 2010 to 2013. These permitted losses, largely issued for oil and gas
canal construction in wetlands, are casually related to the total wetland
losses in time and space (Turner, 1997; Turner, 2009). Estimates of the
canal density up to 2001, however, suggest that the area of new canals
increased to around 1 km2 y−1 (Turner, 1997). The indirect losses
from a new canal results in 5 times more loss than these direct effect,
i.e., a total of around 6 km2 y−1 (Turner, 1997). This preliminary esti-
mate of shoreline erosion from the DWH disaster in the first 2.5 years
after the spill is, therefore, less than from the direct + indirect losses
from the annual wetland dredge-and-fill permits issued by the State-
Federal permitting programs.
Fig. 4.One of the last brown pelican nests on the Cat Island rookery, Barataria Bay, LA, USA. The i
in 2012. This photo is offered with the photographer's permission (Tyrone Turner/www.tyron
4.4. Future conditions

Petroleum hydrocarbons can persist in coastal wetlands for decades
(Teal et al., 1992; Reddy et al., 2002) and the effects on wetlands linger
for years, even decades. Reddy et al. (2002), for example, concluded that
pristane, phytane and other branched alkanes were still present
30 years after the West Falmouth oil spill (1969, MA) and observed
that “hydrocarbon contamination will persist indefinitely in the sedi-
mentary record”. The growth, condition index, and filtration rate of
the ribbed mussel (Geukensia demissa), which is co-located at the base
of the dominant emergent salt marsh grass (S. alterniflora), was affected
by remnants of oil deposited 38 years earlier (Culbertson et al., 2007).
Indeed, enhanced erosion continued in 2001 after the Bouchard 65 oil
barge release of No. 2 fuel oil in 1974 (Peacock et al., 2007), and the
Chalk Point oil spill wetland remained toxic to amphipods after
7 years (Maryland, Michel et al., 2009). These results suggest that the
legacy of the oil spill may be a continuing stressor on the emergent
plants that have a cascading effect on the interdependent ecosystem
structure and functions.

The loss of salt marsh vegetation has, of course, consequences to
storm attenuation, shoreline protection and various so-called ‘ecosys-
tem services’ (Gedan et al., 2011; Shepard et al., 2011). One conse-
quence is the permanent loss of an important limiting habitat for
sland eroded and lost all of its vegetation after the 2010 oil spill, and pelicans abandoned it
efoto.com).

Image of Fig. 4
http://www.tyronefoto.com
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commercial fisheries species (Turner, 1977) and another is breeding
habitat for important migratory birds.

For example, 92 of the 319 nesting seabird colonies on islands in
coastal Louisiana are on Barataria and Terrebonne islands (Fontenot et
al., 2012), including eleven (11) islandswith brown pelican nesting col-
onies out of the total of 30 sites, of which 10 are not islands. The Cat Is-
land brown pelican rookery, north of Grand Isle, LA, shrank to b2 ha
after the 2010 oil spill (Fig. 4) and was abandoned in 2012 when it
consisted of only shell hash (Figs. 3F and G).

One potential mitigation intervention to use in for future oiling
events might seem to be to fertilize the oiled wetland as a way to
speed up the microbial decomposition of the oil, thereby decreasing
its toxicity. Venosa et al. (2002) found that this did not enhance bio-de-
composition of oil, but did enhance abovegroundplant growth. Nutrient
additions, however,may be disadvantageous for other reasons. Field ob-
servation in Louisiana and Massachusetts peaty wetlands demonstrate
that the biomass of salt marsh roots and rhizomes is reduced and that
soil strength declines with the addition of nutrients (Deegan et al.,
2012; Darby and Turner, 2008a,b; Howes et al., 2010; Kearney et al.,
2011; Turner, 2011). Wigand et al. (2015), in contrast, report that
+NP amended experimental plots in minerogenic salt marshes of
South Carolina (USA) had higher standing stocks of roots and rhizomes
(but not fine roots) in the 0 to 20 cm layer.

We conclude that the damage to plants from theoilingdemonstrates
their significance in reducing shoreline erosion. The losses were imme-
diate, continued for several years, andwere irreversible. The oil-spill re-
lated losses compromised the longevity of islands within an eroding
coast, caused the loss of important bird rookery habitat, and diminished
various ecosystem functions, including important ecosystem services of
social significance.
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