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Abstract

Marsh terracing and coconut fiber mats are two wetland restoration techniques implemented at Sabine National Wildlife
Refuge, Louisiana, USA. Using nekton as an indicator of habitat quality, nekton community assemblages were compared
between terraced, coconut-matted, unmanaged marsh (restoration goal), and open water (pre-restoration) habitats. Using a thro
trap and a 3 nx 2 m straight seine, 192 nekton samples were collected over four dates in 2001 and 2002 at all habitats. Nekton
abundance was similar at unmanaged marsh (restoration goal), coconut mat, and terrace edge, and significantly higher tha
at open water (pre-restoration) sites<{P.05). Coconut-matted habitat and unmanaged marsh edges had significantly higher
numbers of benthic dependent species than terrace d@lge8.Q5), potentially because of differences in substrate. Terraced
sites had lower organic matter and siltier substrate as compared to unmanaged marsh sites. At Sabine NWR, terracing increase
nekton use as compared to pre-restoration conditions (open water samples) by providing marsh edge habitat, but failed to suppor
a nekton community similar to unmanaged marsh (restoration goals) or coconut-matted sites. Future restoration projects may
evaluate the combined use of coconut mats with terracing projects in order to enhance habitat for benthic dependent nekton.
Published by Elsevier B.V.
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1. Introduction from conversion of vegetated marsh to shallow open
water areas (Mac et al., 1998). Numerous techniques
Over the last 70 years, coastal Louisiana has losthave been implemented over the years to reduce wet-
1900 square miles of land. Most of this loss results land loss, ranging from the use of levees, creation of im-
poundments, and usé dredged material (Turner and
" * Corresponding author. Streever, 2002). These approaches have met with mixed
E-mail address: mlapey@Isu.edu (M.K.G.L. Peyre). success, prompting managers and researchers to con-
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tinue searching for new and better methods. Two rel- as a tool to grow and recruit SAV. In degraded marsh
atively new unproven techniques being tested in shal- shallow open water areas, it is often hypothesized that
low open water areas are: (1) marsh terracing, thoughtsediment and water quality limit SAV establishment
to increase marsh edge and encourage SAV growth byand growth (Fonseca et al., 1983; Boustany, 2003). Co-
reducing wavedetch and sediment suspension (Steyer, conut mats may alleviate this by providing a substrate
1993), and (2) coconut mats, which are thought to pro- for SAV establishment and increasing water clarity by
mote SAV growth by providing appropriate substrate reducing sediment suspension in the water column.
for SAV recruitment and growth (Boustany, 2003). Although scientists and marsh managers are apply-
Ultimately, both techniques have the potential to re- ing various restoration techniques with the goals of
store valuable marsh habitat, supporting fisheries useslowing marsh loss and restoring fishery habitat, few
and production at levels similar to natural, unaltered studies have quantitatively evaluated the effects of dif-
marshes. ferent restoration techniques on fish assemblages, of-
Terrace projects are proposed as a means to reten relying on the Field of Dreams hypothesis “if you
place lost emergent vegetation, decrease wave energybuild it, they will come” (Palmer et al., 1997). Because
and decrease open water fetch in shallow open waterof the motile nature of nekton, they can rapidly colo-
areas(Steyer, 1993; Rozas and Minello, 2001).-Ter nize a habitat if conditions are suitable and they can
races are ridges of discontinuous marsh constructedrapidly leave an area if conditions become unsuitable.
from dredged material on site that are vegetated with Thus, nekton can be an indicator of habitat quality.
Spartina alterniflora. Unlike spoil banks, which are Few restoration projects have succeeded in increas-
continuous and rise above normal tides, terraces areng nekton productivity and abundance (Able et al.,
designed to be discontinuous and flood at high tide. 2000; Jivoff and Able, 2003; Tupper and Able, 2000;
Constructing terraces gained popularity as a restora-Williams and Zedler, 1999; Rozas and Minello, 2001),
tion and mitigation technique following reports that and in fact, nekton productivity and abundance are of-
terraces near the Calcasieu Ship Channel on Sabinden lower in constructed marshes than in natural ar
National Wildlife Refuge (NWR), Louisiana, USA, re- eas (Moy and Levin, 1991; Chamberlain and Barnhart,
versed shoreline erosion and created almost 17 acred4993; Minello and Webb, 1997), leaving the actual suc-
of saline marsh with a marsh—water interface of almost cess of restoration projects in question.
1500 m (Steyer, 1993). The success of terraces was fur  Terracing and coconut mats may be valuable restora-
ther supported by a more recent study finding that thesetion tools for nekton because both techniques have
same terraces supported more nekton than adjacenthe goal of creating habitat for fishery species; shal-
shallow marsh ponds (Rozas and Minello, 2001). While low water habitat with submerged aquatic vegetation
these findings were all based on one terrace field builtis associated with higher densities of nekton as com-
in a checkerboard design, later-built terraces at Sabinepared to non-vegetated shallow open-water areas (Orth,
NWR and elsewhere have been designed as chevrorl977; Rozas and Odum, 1988; Fonseca, 1996; Jacob-
shapes or straight lines, so that the same ecologicaken and Berg, 1998; Minello, 1999). Furthermore, ter
benefits could potentially be achieved at a lower cost race projects immediately increase marsh edge, another
(C. Pease, Sabine NWR Manager, personal communi-habitat characteristic important in supporting fishery
cation, 2001). These differences in desigreofaces species (Zimmerman and Minello, 1984; Zimmerman
have been governed more by economics and engineeret al., 1991; Baltz et al., 1993; Peterson and Turner,
ing practicalities than any biological evidence of equal 1994; Zimmerman et al., 2000).
or improved functioning of these terraces. At Sabine National Wildlife Refuge (NWR), LA,
Another restoration approach being investigated in- USA the effects of saltwater intrusion and marsh
volves the use of coconut fiber mats as a substrate tsubsidence on wetland areas are being counteracted
recruit and grow submerged aquatic vegetation (SAV). by restoration projects such as terracing. Sabine
Coconut fiber is made out of coconut hulls and com- NWR is also interested in restoration techniques to
monly has been used in stream bank stabilization increase SAV recruitment and growth, leading to an
projects (Gray and Leiser, 1982; Kondolf and Micheli, interest in testing the effects of coconut mats. Using
1995). Only recenthhas it been considered for use nekton as an indicator of habitat quality, the goal of
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this project was to evaluate nekton use of terracedobservations to terraces constructed in 1999 and within
and coconut-matted areas within one terrace field the same terrace field to reduce variability that may re-
constructed in straight lines at Sabine NWR. Specif- sult from terrace age, construction technique, and envi-
ically, we compared nekton community assemblagesronmental setting. We did not study the older terraces
(density, biomass, composition) between terraced, because they were constructed adjacent to a canal and
coconut-matted substrate, unmanaged marsh and opefunctioned more as spoil banks. Terraces studied are

water (pre-restoration) habitats. 10 m wide with a crown approximately 0.75 m above
mean water level and range in length from 244 m to
468 m.

2. Methods Coconut fiber mats (2.2 m 5.4 m; BioD-MeshiM
60, Rolanka International) were installed in Novem-

2.1. Study area ber 2001 at each of three coconut mat transects ran-

domly located along natural marsh edges within the

The study area is a terrace field located in southweststudy area. Mats were composed of loosely woven
Louisiana within Unit 7 of Sabine National Wildlife thick fiber threads. Each coconut mat was pinned to
Refuge (NWR), between Calcasieu and Sabine Lakesthe bottom with bent rebar that was inserted through
(Cameron Parish, Louisiand}ig. 1). The terrace the mat into the sediment at each corner of the
field studied is located in a 3HKmbrackish open mat.
water area that replaced emergent vegetation between
1956 and 1978. This shallow embayment consists 2.3. Sampling design
of an open pond area fringed by unmanaged marsh
with small natural marsh islands throughout, and  The study was conducted using a stratified random
recently constructed, randomly placed straight line sampling design. Three transects were selected at co-
terraces. Terraces were designed to be perpendicular teonut mats, unmanaged marsh and terrace sites. Each
predominant winds with the goals of decreasing wave transect was sampled at two stations: (1) the “edge”
energy and erosion in the embayment, and ultimately habitat (within one meter of the marsh—water interface)
encouraging SAV growth and providing valuable and (2) open-water habitat (50 m from the marsh edge),
habitat (Pease, personal communication, 2001). Tidesfor a total of 18 samples per collection period (three
in the area are diurnal with a range80-0.45m. habitatsx three transectg two stations). This design
The brackish marsh is vegetated with 100% cover. provided a pre-restoration control (50 m open-water
Vegetative cover consists 8partina patenaspalum unmanaged marsh sites) and a comparable restoration
vaginatum,Scirpus olneyi, andPhragmites australis  “goal” (marsh edge). The 50 m sites were assumed to
(Linscombe et al., 2001). Most of the shallow open- be free of edge effect or any impacts from terrace con-
water areas within the embayment do not support SAV, struction. These assumptions are based on (1) current
although Ruppia maritima,Myriophyllum spicatum  evidence that the value of edge habitat for nekton does
L., Ceratophyllum demersuim, Najas guadalupensis,  notextend beyond 10 m from the marsh—water interface
Nitella spp. andChara spp. occur in nearby ponds (Raposa and Oviatt, 2000) and (2) hypothesized bene-
and canals. Over the last few decades, this aredfits of terraces which are based almost entirely on the
has experienced increasing salinity and decreasingassumed physical effects of terraces reducing wave dis-
marsh acreage, possibly as a result of changes causetlirbance and increasing light availability which are un-
by ship channel construction and maintenance andlikely to extend to 50 m. Each of the nine transects was
extensive oil and gas exploration ongoing in the sampled four times (12/2001, 2/2002, 5/2002, 9/2002)

area. for a total of 72 samples (18 samples per collection by
four time periods).
2.2. Restoration methods Additionally, in the spring (5/2002) and fall (9/2002)

samples, extra samples were collected as this is when
Terraces in this embayment were constructed in most transient species are known to be present in the
1996, 1997, 1998, 1999, and 2001. We restricted ourmarsh (Czapla et al., 1991). \Weeused this intensive
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Fig. 1. Location of the study area and specific sample transects. The study area is a terrace field created in 1999 in Unit 7 at Sabine NWR
a brackish marsh. The sample transects are identified by habitat type as unmanaged (natural) marsh (N1-N3), terrace transects (T1-T3), a
coconut-matted transects (C1-C3). Lines visible in the open water area are terraces.
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sampling on unmanaged marsh and terrace transectsory and placed in a freezer until processed. Nekton
only. This sampling consisted of an additional 10 un- was identified to species or the lowest feasible taxon.
managed marsh transects (two sites/transect) and 2\l nekton were individually weighed to the near
terrace transects (two sites/transect) for a total of 120est 0.001 g wet-weight to determine biomass. Throw
samples (60 samples per collection by two time peri- trap data are reported as density (nektéh/and
ods). Twice as many samples were collected at terracespiomass (g/rf); seine net data are reported as catch
as unmanaged marsh sites due to the lower catches iper unit effort (CPUE; # nekton/trawl) and biomass
the initial sampling (12/2001 and 2/2002). In total, 192 (g/trawl).
samples were collected.
2.6. Environmental characteristics

2.4. Sampling methods

At each site, water temperatuf€y, salinity (g/L),

To compare nekton community assemblages dissolved oxygen (mg/L), conductivity (nS/cm), and
and nekton use of terraces, unmanaged marsh, angpH were measured with a YSI Model 556. Water tur
coconut-matted substrate, two techniques were usedbidity was measured with a secchi disc (cm). These
collapsible throw traps and seine nets. Throw traps aremeasurements along with water depth (cm) were taken
considered the best option for sampling shallow-water with every nekton sample. All SAV present in throw
habitats to compare nekton use (Chick et al., 1992).trap samples was removed and returned to the labora-
The throw-trap consisted of a ZWegener ring with tory. The SAV was placed in a drying oven at6and
mesh sides (mesh size = 1.6 mm). A heavy metaldried to a constant weight.
ring was attached to the bottom of the throw trap for =~ Cores were collected in September 2002 to deter
rapid sinking and a floating ring attached to the top. mine organic matter content of terrace and unmanaged
The metal ring on the bottom of the throw trap was marsh sediment. Fourteen samples were collected from
pushed into the substrate to prevent nekton escapeedge and open water stations near unmanaged marsh
during clearing. A dip net (mesh size = 3.2mm; (seven samples) and terrace transects (seven samples).
36cm x 30cm) was used to clear nekton from the For each sample, five 10 cm diameter cores were col-
trap. The trap was considered free of nekton after lected from the top 5cm of sediment for a total of
ten consecutive sweeps without organisms were 35 cores per sample station (140 cores total). Samples
completed. were homogenized, dried at 8D to a constant weight,

Seine net trawls were conducted with a 3«n weighed (initial weight), fired at 50€ in a muf-

2 m straight seine (mesh size = 5 mm) using methodsfle furnace for 4 h, and weighed again (final weight).
found in Peterson and Turner (1994). Seine nets Organic matter was calculated as: 1-0Q(final dry
were pulled parallel to the marsh edge. Each seineweight)/(initial dry weight)] (Moy and Levin 1991).
sample covered 30m of marsh edge. Seine netSediment texture was qualitatively evaluated on site as
trawls were only conducted in the spring and fall silt, clay, or sand.
samples at the same randomly selected transects Marsh—water edge ratios were calculated for each
for unmanaged marsh and terrace sites used for thesite following the description given bRelaney et
throw trap during the quarterly sampling. Of the 192 al. (2000).Ratios were calculated using digital ortho-
samples taken, only 24 were taken with a seine (12quarter quadrangle (DOQQ) images. The marsh—water
terrace, 12 unmanaged marsh). These were analyze&dge ratio was derived by dividing the length of the
separately from the throw trap data, and used tomarsh—water edge (at a scale of 1:100) by the length of
corroborate the findings and effectiveness of the throw a straight line on the same marsh edge.
traps.
2.7. Statistical analyses

2.5. Sample handling

Data from throw trap and seine net samples were

All nekton samples collected were immediately analyzed separately using Statistical Analyses Sys-
placed in an ice slurry, transported to the labora- tem (SAS, 1989). Environmental variables, fish and
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Table 1

Total catch of each species collected in the study area, categorized by the frequency of collection

Frequently collected Total # Infrequently collected Total # Rarely collected Total #

(>50 individuals) (<50 individuals) (<10 individuals)

Crustaceans 1438 Crustaceans 37 Crustaceans 0
C. sapidus 77 Fam. Xanthidae 37 Fish 29
F. azteca 195 Fish 107 Bairdiella chrysoura 2
L. setiferous 917 L. rhomboides 15 Bollmannia communis 1
Palaemonetes spp. 249 Micropogonia undulatus 38 C. spilopterus 2

Fish 1148 Mugil cephalus 14 C. arenarius 4
A. mitchilli 410 Mugil curema 12 Fundulus grandis 1
B. patronus 461 Syngnathus scovelli 28 Fundulus pulverus 1
G. bosc 78 Gambusia affinis 8
M. beryllina 141 L. xanthurus 1
M. gulosus 58 L. parva 6

M. punctatus 3

crustacean density, catch per unit effort (CPUE), and 3. Results
biomass (throw trap and seine) were analyzed using a
three-way analysis of variance with habitat type (co- 3.1. Nekton assemblages
conut mat, unmanaged marsh, or terrace), sampling
date (December 2001, February 2002, May 2002, or A total of 644 nekton (46% crustaceans) was col-
September 2002), and location (<1 m or 50 m from lected from the throw traps with a total biomass of
marsh edge). Variation due to transect was accountedl98.4g wet weight (57% crustaceans). A total of 1665
for in the random statement of the mixed ANOVA. nekton (40% crustaceans) was collected from the seine
Analysis of variance was followed by Tukey’s post- trawls with a total biomass of 1332.9g wet weight
ANOVA test when significant differences were found (39% crustaceans). For frequently collected species (N
(P < 0.05). Environmental variables were log trans- > 50) (Table 1)no significant differences in individ-
formed to improve normality and homogeneity of vari- ual species weight were found among habitat types.
ance. The overall mean individual mass was: brown shrimp
To test for differences in nekton use of habitats F. azteca(462 + 52 mg), white shrimpLitopenaeus
by functional group, a chi-square test was performed setiferus(499 + 43 mg), grass shrimpalaemonetes
(three habitatsx two distancesx three functional spp. (166+ 14 mg), bay anchovi. mitchilli (445 +
groups). Species were divided into three functional 60 mg), juvenile gulf menhadds. patronus(203 +
groups: crustaceans (Callinectes sapidiasfantepe- 20 mg), naked gob®. bosq159+ 15 mg), clown goby
naeus aztecalitopenaeus setiferoufalaemonetes M. gulosus(126 + 20 mg), blue cralt. sapidug240
spp., Fam Xanthidae), benthic or demersal dwelling £ 36 mg) and inland silversidel. beryllina (250 +
fish (Citharichthys spilopterusGobiosoma bosc, 22 mg).
Leiostomus xanthurusylicrogobius gulosusMicro- Significant differences were found among habitats
pogonias undulatesMyrophis punctatusSyngathus  for density (P< 0.0001,Fig. 2), CPUE (P< 0.0001,
scovelli) and pelagic dwelling fish (Anchoa mitchilli, Fig. 3), biomass by throwvap (P= 0.03,Fig. 4), and
Brevoortia patronusCynoscion arenariusl.agodon biomass by seine (R 0.0001,Fig. 5) for bothcrus-
rhomboides, Lucania parva, Menidia beryllina). tacean and fish (only higha3tvalue listed). Patterns
The proportion of each functional group was com- of both crustacean and fish use were similar for all of
pared among habitats and distances from edgethe variables, and hereafter are collectively reported
using data from year round sampling with throw as “nekton”. Coconut mat and terrace edges supported
traps. Conditional independence was tested using anekton use similar to unmanaged marsh edge (restora-
Cochran—Mantel-Hanzel test. tion goal), and higher nekton use than that found in
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Fig. 2. Mean density (nektonfinof decapod crustaceans and fish collected quarterly (12/2001, 2/2002, 5/2002, 9/2002) Withraw trap.
Throw trap samples were collected at coconut mat, unmanaged (natural) marsh, and terrace transects. Within each individual graph, bars witt
different letters were significantly differer® € 0.05). Error bars represent standard errors.

pre-restoration (open water) conditions. At the same of £222 .2 nekton/trawl. Unmanaged open water
time, coconut mats increased nekton use of open water sites (pre-restoration conditions) had a mean densit)
sites, as compared to unmanaged open water sites. éf 0.3 nekton/m and a mean CPUE of 88

At edge sites, nekton density at all three habitat 2.5 nekton/trawl. Biomass patterns were identical with
types had an overall mean of 3:3.6 nekton/m, and edge sites for all three habitat types having an over-

a mean CPUE at terrace and unmanaged edge sites all meant00.02.g/n? (or 59.7+ 19.4 g/trawl)
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Fig. 3. Mean catch per unit effort (CPUE) of decapod crustaceans and fish collected in spring (5/2002) and fall (9/2002) with seine trawls.
Samples were collected at unmanaged (natural) marsh and terrace transects only. Within each individual graph, bars with different letters were
significantly different (P < 0.05). Error bars represent standard errors.
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Fig. 4. Mean biomass of decapod crustaceans and fish collected quarterly witthrdwntrap (12/2001, 2/2002, 5/2002, 9/2002). Samples
were collected at coconut mat, unmanaged (natural) marsh, and terrace transects. Within each individual graph, bars with different letters wel
significantly different (P < 0.05). Error bars represent standard errors.

and the unmanaged open water sites (pre-restoratiorD.001; Fig. 6). Terrace edges supported a disprepor
conditions) having an overall mean biomass ofD.4  tionately higher percentage of pelagic fish (54% of

0.3 g/n? (or 6.5 + 2.2 g/trawl). total catch) as compared to unmanaged marsh (28%)
or coconut-matted edges (27%). In contrast, terrace
3.2. Nekton functional groups edges supported a disproportionately lower percentage

of benthic fish (17%) and crustaceans (28%) as com-
Nekton composition analyzed by functional group Pared to unmanaged marsh (benthic fish: 32%; crus-
differed significantly by habitat type (chi-squakes taceans: 40%). Coconut-matted edge sites supported
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Fig. 5. Mean biomass of decapod crustaceans, and fish collected in spring (5/2002) and fall (9/2002) with seine trawls. Samples were collecte
at unmanaged (natural) and terrace transects only. Within each individual graph, bars with different letters were significantlyPdifferent (
0.0001). Error bars represent standard errors.
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terrace transects and both unmanaged marsh and co-
conut mat transects (£ 0.05,Table 2). Terracéran-
sects were significantly deeper than other habitat types,
and the terrace open water stations was deeper than
the terrace edge stations. Terrace edges had signifi-
COCONUT MAT EDGE ~ COCONUT MAT OPEN WATER cantly lower organic matter as compared to unmanaged
o marsh edges. Substrate texture also differed depending
on habitat type and location. Woody debris and plant
detritus covered the coconut mats. Silt combined with
woody debris and plant detritus comprised the texture
of the unmanaged marsh edges. Clay silt comprised
the texture of the unmanaged, open water stations. Silt
Fig. 6. Total percentage catch composition at terrace edge, unman-Clay comprised the texture of the terrace edge and open
aged (natural) marsh edge, coconut mat edge and coconut mat opetwvater stations. The marsh—water edge ratio was signif-
water sites. All four habitat types had higher nekton density, biomass icanﬂy less at the terrace than unmanaged marsh edge_
and CPUE than unmanaged marsh open water (pre-restoration) SiteSSamples did not differ by water temperature, salinity,

Prercent of each functional group was significantly different by habi- . . .
tat for (1) crustaceans (C. sapidbEsaztecal. setiferousPalaemon- dissolved oxygen, pH, secchi depth, or SAV biomass.

etesspp., Fam Xanthidae) (chi-squafe= 0.0004), (2) benthic or
demersal dwelling fish (C. spilopterus, bosc,L. xanthurus,M.
gulosus M. undulatus M. punctatusS. scovelli) (chi-squard® = 4. Discussion
0.0001) and (3) pelagic dwelling fisA.(mitchilli, B. patronus,C.
arenarius,L. rhomboidesL. parva, M. beryllina) (chi-squareP <
0.0001). Catch data are based on quarterly throw trap sampling.

Pelagic fish

A
Crustaceans

Benthic fish

UNMANAGED EDGE TERRACE EDGE

Restoration projects are often designed to create hy-
o o drological and physical conditions that are conducive
similar benthic fish (32%) and crustaceans (41%) asto re-establishing self-sustaining populations of plants

unmanaged marsh edge. and animals (Palmer et al., 1997; Williams and Zedler,
1999; Williams and Desmond, 2001). When design-
3.3. Environmental characteristics ing a restoration project in estuarine waters where fish-

ery habitat is important, the marsh surface, the marsh
Water depth, substrate organic content, and edge and submerged aquatic vegetation (SAV) are com-
marsh-water edge ratio differed significantly between monly accepted to sustain high densities of fishery

Table 2
Environmental variables (meanS.D.) at each habitat type
Environmental variables Coconut mat Unmanaged marsh Terrace P>F

<lm 50m <lm 50m <lm 50m Habitat Distance
Temperature®C) 21.68 £5.27 21.90+5.06 23.46+503 22.83+527 2305+511 23.06+4.87 0.966 0.905
Salinity (g/L) 244 +115 247+125 220+1.09 224+113 215+1.07 215+1.07 0.606 0.936
Dissolved oxygen 548+192 540+163 6.38+1.88 651+1.89 6.90+2.07 6.54+2.06 0.062 0.84
(mg/L)
pH 728+030 7.32+030 7.39+027 749+022 747+029 7.46+0.29 0.353 0.386
Secchi depth (cm) 16.71 +£11.77 17.79 £9.43 19.78 +£11.72 20.38 +£13.56 25.19 +8.08 25.67 +11.46 0.055 0.864
Water depth (cm) 4457 +£11.76 56.17 +11.63 50.14 + 15.86 57.04 + BUHR3 + 7.42 69.92 + 10.2M.023 0.011
SAV (g) 0.19+0.42 398+ 1059 0.004+0.01 1.31+349 0.001+0.002 0.03+0.06 0.161 0.055
Percentage organic ND ND 19.52 +14.98 14.14 +0.38 510+3.14 7.52+0.67 0.121 0.493
matter in substrate
Marsh—water edge ratio 1.23+0.28 ND 1.22+0.12 ND 1.00 +0.00 ND 0.027 ND

Results of ANOVA examining differences in environmental variables by habitat and distance from the marsh edge (<1 m = edge, 50 m = open
water). Means that are significantly differeRt{ 0.05) from other habitat types, as determined with Tukey’s post-ANOVA test, are bold. SAV
cover was sampled as biomass (g) for throw trap samples. Habitats that were not sampled are indicated by ND (no data).
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species by providing microhabitats. Terraces and co-to increased organic matter and structure provided by
conut mats both provided some aspect of physical struc-the coconut mat fibers and detritus trapping in the mat.
ture often associated with higher nekton densities. Inadequate organic matter content is a com-
Both terrace edges and coconut mat sites increasednon problem observed in dredged material marshes
habitat structure, and supported nekton use at a leve(Cammen, 1976; Craft et al., 1988; Moy and Levin,
similar to unmanaged edge sites. These results are con1991; Sacco et al., 1994; Streever, 2000), but inade-
sistent with other studies concluding that nekton or quate organic matter has been implicated in limiting
fish use (abundance) did not differ significantly be- denitrification and plant production rather than nek-
tween dredged material marsh and unmanaged marshen use. Organic matter was lower at terrace edges as
(La Salle et al., 1991; Minello and Zimmerman, 1992; compared to unmanaged marstinello and Zimmer
Minello and Webb, 1997; Kurz et al., 1998; Williams man (1992jound that densities of decapod crustaceans
and Zedler, 1999; Streever, 2000). No previous studieswere positively correlated with densities of benthic
have documented the effects of coconut mats on fishprey (or infaunal communities) in sediment cores, and
habitat. that densities of prey were associated with higher or
While nekton use of coconut mat sites, terrace, andganic matter in sediment cores. Thus, decreased abun-
unmanaged marsh edge was similar, terraced marshdance of benthic species may be due to decreased food
edge was not functionally equivalent to unmanaged availability near terraces as compared to unmanaged
marsh edge; significant differences were found in the marsh edge.
species composition from these habitats. Most pelagic
species (i.e., bay anchovy, gulf menhaden, inland sil- 4.1. Terrace design
verside) can be categorized as being generalists that
are not strongly affected by environmental changes. While there were significant differences in terrace
Compared to the unmanaged marsh edge, there wasige, location and restoration design between the ter
an absence of specialized, less tolerant species at theaces in this study and the earlier studied terraces
terrace edge, while at the coconut mats, there was ar(Rozas and Minello, 2001verall patterns of nekton
abundance of specialized species. This pattern was simuse, and a finding of different species compositions
ilar to past studies (Minello and Zimmerman, 1992; in terrace and reference sites were similar. The most
Minello and Webb, 1997; Streever, 2000; Rozas and striking difference between the two studies is that nek-
Minello, 2001),where species dependent on benthic ton densities in this study were as much as 10 times
refuge and benthic food sources were more abundaniower than those reported Bpzas and Minello (2001).
at unmanaged edge sites as compared to terrace edg&hile terrace age could be a factor (9 years versus 3
sites. Furthermore, coconut mat edges, which providedyears), past studies have suggested that nekton can es-
increased benthic microhabitat, also had higher abun-tablish stable densities in restored habitat in as little as
dances of benthic dependent species as compared td year (Streever, 2000). Microhabitat provided by SAV
unmanaged edges. is not likely to be a factor influencing nekton density
Substrate organic matter content and texture differences, because there was very little to no SAV
(microhabitat heterogeneity) have been suggestedat both the Unit 7 and Unit 1 terraces at the time of
as potentially driving differences in nekton use of sampling. Site location could be another factor affect-
habitats. Substrate characteristics of the terrace,ing nekton densities. Decreased habitat connectivity to
unmanaged marsh, and coconut mat habitats differedother areas, although not measured, could limit nekton
in organic matter content and texture, which could lead access to the terraces in this study. The older terraces
to potential differences in the abundance of benthic studied byRozas and Minello (2001yerelocated in
prey items that support benthic predators (Moy and saline marsh adjacent to Calcasieu Lake and less than
Levin, 1991; Shreffler et al.,, 1992; Levin et al., 0.5km from the artificially deep Calcasieu Ship Chan-
1996; Minello and Webb, 1997). The decrease in ben- nel, whereas the terraces in this study were in brackish
thic species near terraces could result from substratemarsh more than 6 km from any large lake. Differences
disturbances associated with project construction. Thein connectivity between the terraces and marine envi-
increase in benthic nekton at coconut mats may be duaonments might explain the lower abundance of ma-
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rine transients that we observed relativ&ktizas and stored habitat appears to differ from unmanaged marsh
Minello (2001)but does not explain the lower abun- (restoration goal) to such an extent that the restored and
dance in resident nekton that we observed. unrestored habitat support different nekton community
The restoration design may be a large contribut- composition. At terrace sites, substrate disturbance due
ing factor to differences between our observations andto construction of the terraces may be a major factor
those ofRozas and Minello (2001pecause the older in determining the differences in nekton composition.
terraces were built in a checkerboard pattern with sig- Until detritus can build up in the substrate around the
nificantly greater marsh area and marsh edge as comterraces, a benthic community that resembles a natu-
pared to the terraces in this study. The checkerboardral site may not be achieved. This process may take
design resulted in all remaining terrace pond areasdecades.
being within 10 m of emergent vegetation, while ter Although not tested in this study, it may be feasible
races in this study were often over 100 m apart. As theto enhance the benthic community by installing
value of marsh edge to nekton may extend as far ascoconut matting in selected locations near terraces.
10 m from the marsh edge (Raposa and Oviatt, 2000;Further studies should evaluate the cost effectiveness
Kanouse, 2003), the checkerboard design used may band benefits of installing coconut matting in restoration
providing more valuable nekton habitat as compared projects to recruit SAV and an infaunal community.
to the sparse straight line design. In fact, based onFuture research on terrace success at providing nekton
their studyRozas and Minello (200Buggest that fu-  habitat should address nekton growth rates and cor
ture restoration projects should include design changesrelate nekton composition to the infaunal community.
which increase the proportion of marsh in a terrace In addition to investigating the potential influences
field. Impacts to the substrate from this more intensive that organic matter may have on nekton compositions,
terrace construction would need, however, to be exam-another consideration that was not addressed by

ined more closely. this study is how much secondary production the
terraces and coconut-matted marshes are providing.
4.2. Management implications Investigating nekton growth and mortality within re-

stored and unmanaged habitats could suggest whether
Overall, coconut mats supported nekton densities restored sites are increasing secondary production in
that were at least four times greater than densities foundan area or merely providing a habitat where nekton
in pre-restoration (open-water) sites. Terrace edgescongregates (West et al., 2000; Minello and Webb,
supported nekton densities that were at least two times1997).
greater than densities found in pre-restoration (open-
water) sites. Although coconut matting appeared to in-
crease nekton use more than terracing, terracing is aAcknowledgments
much more commonly practiced restoration technique
due to cost-effectiveness and the hypothesized added Financial support for this study was provided by
benefits of simultaneously achieving other restoration a contract from Sabine National Wildlife Refuge to
goals, such as decreased open water fetch, turbidityJ.A. Nyman and M.K.G. La Peyre (Contract number
and wave energy. A relatively small area was coconut 1434-HQ-97-RU-01561). Chris Pease and other staff
matted for this study at a cost that was 1.6 times higherat Sabine NWR coordinated field dates, frequently pro-
than the cost of terrace construction (coconut mat =vided equipment and occasionally rescued us when
US$ 5.23/m, terrace = US$ 3.30/ In addition, the motors failed. David Richard and Stream Property
life span of a coconut mat is expected to be about 3—4Management Inc. provided a house in which to stay
years, while theoretically, a terrace can remain for many while conducting field work. Thanks also to Christian
decades. Winslow, Aaron Caldwell, Sarai Kanouse, Brian Mi-
Based on results of this study, terraces are successlan, Bryan Piazza, John Plunket, and Joy Bingham for
ful at increasing nekton habitat. While many dredged help in the field and the laboratory. We appreciate the
material marshes, including terraces, appear to be suceomments of three anonymous reviewers, whose sug-
cessful at providing habitat for nekton use, the re- gestions improved this manuscript.
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