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Abstract: The perceived value of oyster reefs as fish habitat has led to many restoration projects in areas of historically
high oyster populations. This study evaluated fish usage of a limestone cobble mimic oyster reef in Barataria Bay, Louisi-
ana, as compared to a mud-bottom reference site. Emphasis was given to species of economic and ecological importance,
including spotted seatrout (Cynoscion nebulosus), Atlantic croaker (Micropogonias undulatus), and bay anchovy (4dnchoa
mitchilli). There were no observed differences in community structure or catch per unit effort (CPUE) between habitats,
likely due to high variability in the data, though seasonal differences were observed. CPUE of spotted seatrout, Atlantic
croaker, and bay anchovy did not differ between habitats. Seasonal differences in abundance were detected, with signifi-
cantly higher CPUE of spotted seatrout in summer, of Atlantic croaker in spring and summer, and of bay anchovy in win-
ter. Spotted seatrout and Atlantic croaker were both significantly larger over the artificial reef, while bay anchovy were
significantly larger over the mud bottom. Spotted seatrout, a prized recreational fishing species in Louisiana, appeared to
be the only species that showed higher biomass, determined by numbers and size, at the the artificial reef. This is impor-
tant in the context of managing habitat enhancement projects. While the reef did not increase numbers or species richness
of the overall fish community, it did have an effect on one recreationally important species. Therefore, the success of such

projects is based as much on the intended purpose, as its affect on the overall community.
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INTRODUCTION

The loss of coastal marine habitats has been described as one
of the greatest threats to the viability of commercial and rec-
reational fisheries [1]. With the current shift in emphasis
towards ecosystem based fisheries management, it is impor-
tant to understand how habitat loss and habitat restoration
will affect associated fish communities [2]. Degradation of
estuarine habitats has led to numerous restoration projects
throughout the United States, including the addition of artifi-
cial reef structures both to mitigate the loss of natural reef
habitat and to enhance fish habitat [3-6]. The effectiveness of
offshore artificial reefs in the Gulf of Mexico (GOM) to ag-
gregate reef-associated fishes has been well documented [7-
9]. Inshore artificial reefs in the northern GOM are generally
created to replace shellfish habitat that is lost due to harvest
and to enhance fisheries opportunities [10]. These reef struc-
tures may provide ecosystem functions for the associated
fish assemblages that are similar to natural habitat.
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Coastal restoration projects are especially pertinent to the
Louisiana Gulf coast where coastal land loss from natural
and anthropogenic causes has been a long-standing problem.
The majority of previous work on coastal restoration has
focused on marsh habitat due to the importance of marsh
edge as nursery habitat for juveniles of ecologically and eco-
nomically important fish species [11, 12], the importance of
wetlands as a storm buffer [13], restoration of ecosystem
processes [14, 15], and the fact that 80% of the nation’s wet-
land losses have occurred in the Louisiana coastal zone [16,
17].

Subtidal habitats, such as oyster reefs, primarily from the
eastern oyster (Crassostrea virginica), are also in decline
throughout the Gulf coast. In recent years a combination of
factors, including disease, degrading water quality, overhar-
vest, habitat loss, and the failure to replace oyster shell, has
led to drastic declines of oyster populations [18, 19]. In addi-
tion, existing oyster reefs are lower in vertical relief due to
mechanical harvest of oysters with dredges [20- 22]. The
perceived value of oyster reefs as fish habitat has lead to
many restoration projects in areas of historically high oyster
populations including the U.S. southeast Atlantic and Gulf
coasts [4]. However, due to shortages of oyster shell avail-
able for habitat enhancement, alternative materials have been
utilized to provide substrate for larval oysters and other ben-
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Fig. (1). Location of artificial reef and mud-bottom habitats in Bay Ronquille, Southeastern Barataria Bay, Plaquimines Parish, Louisiana.

thic invertebrates normally associated with oysters. One such
material that has been found to be both cost-efficient and
effective as a reef material is limestone cobble [23].

In a review of oyster reef habitat along the southeast At-
lantic coast and Texas, Coen et al. [21] identified approxi-
mately 80 species of fishes that regularly associate with oys-
ter reefs in all regions combined. Based on differences in the
way fishes used reefs, they categorized species as residents,
facultative residents, or transients. Resident species typically
are small benthic fishes that spend most of their lives on the
reef and use it for foraging, protection from predators, and
reproduction [21, 24]. Facultative residents are attracted to
oyster reefs, but may use other structured habitats such as
submerged aquatic vegetation (SAV). Transient species,
which comprise the majority of estuarine and economically
important fishery species, opportunistically use different
types of habitats based upon availability and need. The pres-
ence of these different classes of fishes, and how they are
using the structure, can have a profound effect on how the
structure is viewed and managed as fish habitat.

The purpose of this study was to evaluate the use of an
artificial mimic oyster reef by estuarine fishes. The reef was
constructed of limestone cobble and was designed to mimic

the subtidal oyster reefs that were historically abundant in
Barataria Bay, but are far more limited in spatial extent at the
present time [25]. However, the reef was also designed to
provide structure for sportfish species, and was never in-
tended to enhance oyster growth in the area. It was known
from the onset that oysters were unlikely to survive to matur-
ity on the cobble reef due to high salinities and the dynamic
environment of the site, though spat were not uncommon.
Special emphasis is given to species of particular economic
and ecological importance, including spotted seatrout (Cy-
noscion nebulosus), Atlantic croaker (Micropogonias undu-
latus), and bay anchovy (4Anchoa mitchilli). Differences in
community structure and abundance of fishes at the artificial
reef site, as compared to a nearby mud-bottom mud bottom
site, are described.

METHODS AND MATERIALS

Study Site

The artificial reef site (reef) is located in Bay Ronquille,
a small embayment in the larger Barataria Bay, Plaquemines
Parish, Louisiana (Fig. 1). Barataria Bay experiences diurnal,
microtidal tides, with an average tidal flux of apyroximately
0.5 m. The reef covers approximately 4,050 m~ of estuary
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bottom that previously consisted of mud and relic shell. The
artificial reef was constructed in June 2004, approximately
eight months before sampling began, by the Recreational
Fisheries Research Institute (RFRI), in cooperation with the
Louisiana Department of Wildlife and Fisheries through the
Sportfish Restoration Program. Reef material consisted of
number 57 limestone cobble, averaging approximately 3.8
cm in diameter. The mud bottom site is located approxi-
mately 1 km to the northwest of the reef site (Fig. 1). The
mud bottom site, characterized by a mud-bottom with no
relic shell or other hard substrate, was chosen due to its loca-
tion with respect to the reef. The proximity of the mud bot-
tom site to the reef allows for water conditions, including
temperature, salinity, tidal movement and depth to be consis-
tent between habitats. The habitats were therefore hypothe-
sized to have a similar fish species composition before the
addition of reef material, though unfortunately sampling of
the site before reef construction was not possible. The mud
bottom site is also sufficiently distant from the reef that it is
not likely to be included in the foraging halo, i.e., the area
around the reef subject to predation by fishes on the reef
[26].

Due to the nature of the funding for reef construction for
this project, only one reef site was constructed and one mud
bottom site was chosen; construction of a second reef was
not feasible as was established as part of a sportfish restora-
tion effort. The authors are aware that this constitutes
psudeoreplication. Therefore, replicates were conducted in
time to attempt to deal with the issue of psuedoreplication.
Replicates in time (termed sets in this paper) were treated as
repeated measures for all statistical analyses.

Water Quality

Temperature (°C), salinity (psu), and dissolved oxygen
(DO, mg/L) were measured with a YSI model 85® at each
site before any net samples were taken. To determine if wa-
ter quality differed between habitats, a two-way analysis of
variance (ANOVA) was run with site and season as the main
effects [27]. A Tukey HSD test was used to make post-
ANOVA comparisons (o = 0.05).

Sampling Methods

Fishes were collected from March 2005 to February
2007, with samples collected twice per season. Seasons were
defined as winter (December, January, and February), spring
(March, April, and May), summer (June, July, and August)
and fall (September, October, and November). Due to the
inherent selectivity of fishing gears, two types were de-
ployed to collect finfish over the habitats: gillnets and a
purse seine. Gillnets were 45.7 m long and 1.8 m deep, con-
sisting of five 9.1 m panels. Panels were randomly arranged
with mesh sizes of 1.27, 1.91, 2.54, 3.18, and 3.81 cm
square. The purse seine measured 20 m in length by 2 m in
depth with a mesh size of 2 x 2 mm square. Gillnets were set
for one hour at each site, pulled, cleaned and reset in the
same location to obtain replicate samples in time. The sec-
ond gillnet set began about 20 minutes after the completion
of the first, or about the time it took to sort through the haul.
The purse seine was set between two vessels, one anchored
and one free. Sets were accomplished by using the free boat
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to extend the net in a circle back to the anchored boat, where
the net was pursed and all organisms removed. The purse
seine set also was replicated, i.e., once before and once after
the completion of gill net sampling. Fishes were bagged by
gear type, net panel (for the gillnets), location (reef or mud)
and set (first or second), and placed on ice. All fishes re-
mained on ice until return to the laboratory for sorting and
analysis. Those fishes that were not immediately sorted were
frozen and stored upon return at -80 °C to ensure no degra-
dation of muscle tissue. All individual fish were identified to
species and measured to both total length (TL) and standard
length (SL) in mm and wet weight in grams.

Data Analysis

Species richness for each site was calculated as the total
number of species collected over each site. The mean of spe-
cies richness was calculated as the mean number of species
present at each site during each season and was the sum of
all species collected in both gear types. A two-way ANOVA
was used to determine if the mean of species richness dif-
fered between habitats and among seasons.

Fish community composition was analyzed with
PRIMER v. 6.0 ® (Plymouth Routine in Multivariate Eco-
logical Research; [28]) in which each one-hour gillnet set
and each purse seine set is considered to be a sample. Each
species is treated as a variable and data are entered as a per-
centage of the total catch in each sample. Data were log
(x+1) transformed both to reduce heteroscedascity and to
minimize the importance of abundant species. A Bray-Curtis
similarity index was constructed from the transformed data
and an analysis of similarity (ANOSIM) was run on this ma-
trix to compare each sample to every other sample. Commu-
nity structure, defined as the percentage by number of each
species at each site, was compared between habitats and
among seasons and their interaction with a two-way
ANOSIM. Following ANOSIM, the log (x+1) transformed
data were analyzed with the similarity percentages (SIM-
PER) option, which examines the within group (site or sea-
son) similarity as well as the between group (site and season)
dissimilarity. This method permits identification of species
that contribute to differences in community structure be-
tween habitats or among seasons. Separate analyses were run
for each gear type based upon the assumption that direct
comparisons would be compromised by gear bias. Results
with p-values less than or equal to 0.05 were considered to
be significantly different in PRIMER analyses.

The raw (nominal) average catch-per-unit-effort (CPUE)
for all species was compared between habitats and among
seasons with a two-way repeated measure ANOVA. The
variable set, denoting the set number for either gillnet or
purse seine set (1 or 2) was used as the repeated measure in
the analysis. For CPUE analysis, effort was defined for gill-
nets as one 1-hour set, and for the purse seine as one circular
net set. Three separate analyses of CPUE were run, including
gillnet total, gillnets excluding Gulf menhaden (Brevoortia
patronus), and purse seine total. CPUE was analyzed sepa-
rately without Gulf menhaden to reduce biased caused by the
large numbers of Gulf menhaden collected. Catch totals for
focal species, including spotted seatrout, Atlantic croaker,
and bay anchovy, were assessed separately to determine their
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Fig. (2). Mean temperature in degrees Celsius (circle), salinity in PSU (diamond), and dissolved oxygen in mg/L (square) at artificial reef
and mud-bottom habitats in Barataria Bay, Louisiana. Black circles represent artificial reef samples. White squares represent mud-bottom

site samples. Standard error bars are shown.

abundance and seasonal distribution at each site. Analyses
that produced significant results (p < 0.05) were further
compared with a Tukey HSD post-hoc test.

The effects of environmental variables such as water
temperature, salinity, DO and habitat on the probability of
presence of spotted seatrout, Atlantic croaker, and bay an-
chovy were determined using logistic regression (SAS Insti-
tute 2002). The Proc Genmod procedure in SAS was used
with a negative binomial link for this analysis, as this pro-
vided the best overall model fit to the data. The model was
run with the variables habitat, temperature, salinity, and the
interaction of habitat and temperature, excluding DO, as this
reduced model provided the best overall fit.

Comparisons of the sizes of spotted seatrout (n=89), At-
lantic croaker (n=410), and bay anchovy (n=900) were con-
ducted to determine if there were differences in the mean
size of each species between habitats. A two way repeated
measure ANOVA was run comparing total length (TL) and
wet weight by site, season, and the interaction of site and
season. Again, the variable set was used as the repeated
measure in the analysis. Analyses that produced significant
results (p < 0.05) for were further compared with a Tukey
HSD post-hoc test. Size and abundance were then combined
to examine if there were differences in total mean biomass of
each species between habitats. Biomass was determined by
summing total mass of spotted seatrout, Atlantic croaker and
bay anchovy collected per net set. The total biomass was
then compared between habitats. Comparisons were made
with a one-way ANOVA.

RESULTS

Sampling was conducted from March 2005 to February
2007, resulting in fourteen sampling trips: four each in

spring, summer, and winter and two in fall. Field research
was suspended in fall 2005 due to Hurricane Katrina, which
passed close to the study site and resulted in the loss of all
stored fishing gear. The study site was visited approximately
two months after the storm to determine the condition of the
reef after the passing of the storm, and was determined to
still be intact, with little dispersion of reef material. The site
was deemed suitable to continue the study and sampling re-
sumed with gillnets in January 2006 and with the purse seine
in March 2006 after the gear was replaced. Because of the
loss of gear during the storm, both gear types were not avail-
able during every trip. Therefore, the analysis of species
richness, which was determined from the combination of
nets, was limited to sampling events in which both gears
were available.

Setting the purse seine prior to gillnets did not appear to
affect the catch total for gillnets, likely due to the small area
sampled with the purse seine as compared to the gill nets.
Comparisons of gillnet total catches were made before and
after the purse seine was added to the sampling protocol, and
did not differ significantly in numbers or species abundance.
Additionally, there were no significant differences (p > 0.05,
ANOVA) between either CPUE or number of species col-
lected between the first and second set of either the gillnets
or the purse seine. This indicated that the first and second set
could act as replicates in the repeated measure analysis for
this study.

Mean water temperature, salinity, and DO did not differ
between habitats (p > 0.05, ANOVA). Temperatures ranged
from 11.8 to 32.1 °C over the reef and from 10.8 to 32.1 °C
over the mud bottom site (Fig. 2). Salinity ranged from 8.1 to
32.7 psu over the reef and from 14.9 to 32.7 psu over the
mud bottom site (Fig. 2). Dissolved oxygen ranged from
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Table 1. Total Numbers and Percentage of Total Catch for the Eleven most Commonly Collected Species at Artificial Reef and Mud
Bottom Habitats in Barataria Bay, Louisiana. Total Number Collected Over each Site is also Shown. Two Species of
Shrimp, white Shrimp, Litopenaeus setiferus and Brown shrimp, Farfantepenaeus aztecus, were Grouped as Penaeid

Shrimp for all Analyses

Species Total Number Caught Percentage of Catch Total Number Over Artificial Reef Total Number Over Mud Bottom
B. patronus 1657 39.9 1060 597
A. mitchilli 900 21.7 431 469

M. undulatus 410 9.9 135 275

M. martinica 236 5.7 145 91

A. felis 227 5.5 73 153
Penaeid shrimp 162 5.0 66 96
M. americanus 91 22 37 54

C. nebulosus 89 2.1 57 32
L. xanthurus 82 2.0 37 45
C. arenarius 52 1.3 27 25

B. chrysoura 51 1.2 43 8

TOTAL 3957 94.5 2111 1845
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Fig. (3). Mean species richness by season at artificial reef and mud-bottom habitats in Barataria Bay, Louisiana. Black circles represent arti-
ficial reef samples. White squares represent mud-bottom site samples. Standard error bars are shown.

2.05t0 9.75 mg I"" over the reef and 2.12 to 10.12 mg I"" over
the mud bottom site (Fig. 2). Only temperature differed sig-
nificantly among seasons (p<0.0001, ANOVA).

A total of 4,149 fishes were collected with the 11 most
frequently caught species making up 95% of the catch in
numbers (Table 1). Forty-six taxa were collected, including
forty-three finfish and three shrimp species. Gulf menhaden
and bay anchovy were most abundant, making up 40% and
22% of the catch, respectively. Thirty-eight species of fish
and invertebrates were collected over the artificial reef, while

thirty-four species were collected over the mud bottom site.
Twelve species were found exclusively over the reef and
eight were collected exclusively over the mud bottom site.
These twenty species were all found relatively infrequently,
making up only 1.1% of the total catch. The mean of species
richness (in number of species per set) ranged from 5.25 +
2.49 to 10.67 + 2.55 at the reef site and 5.25 £ 0.85 to 11.17
+ 1.01 at the mud bottom site. There were no significant dif-
ferences in mean of species richness between habitats or
among seasons (p > 0.05, ANOVA) (Fig. 3).
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Fig. (4). Mean catch per unit effort (CPUE) of gillnets (top), gills
nets without Gulf menhaden (Brevoortia patronus) (middle) and
purse seine (bottom) samples over seasons at artificial reef and
mud-bottom habitats in Barataria Bay, Louisiana. Black circles
represent artificial reef samples and white squares represent mud-
bottom site samples. Bars represent standard error.

Community structure did not differ between habitats (p >
0.05, ANOSIM), as the most commonly observed species
were present at both site, though there were seasonal differ-
ences in community structure (p < 0.05, ANOSIM). Gulf
menhaden was the most abundant species pooled over all
seasons and was present in high abundances all year. Spring
samples were characterized by high abundances of Gulf
menhaden, bay anchovy, and Atlantic croaker. Summer
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samples resulted in high abundances of rough silversides
(Membras martinica), hardhead catfish, and Gulf menhaden.
Fall and winter samples both showed high abundances of
Gulf menhaden, rough silversides, bay anchovy, and hard-
head catfish. Abundances of spotted seatrout were similar in
the spring and summer and low in the fall and winter, while
Atlantic croaker had highest abundances in spring.

Mean of CPUE, mean of CPUE excluding menhaden,
and the mean of CPUE for the purse seine did not differ be-
tween habitats (p > 0.05, ANOVA). Seasonal differences
were observed for gillnet catches, both including and exclud-
ing Gulf menhaden (p < 0.05, ANOVA). Mean CPUE for
total gillnet catches was significantly higher for fall samples
as compared to winter samples, and catches excluding Gulf
menhaden were significantly different among summer, fall,
and winter (Fig. 4). Tukey HSD post-ANOVA pairwise test-
ing excluding Gulf menhaden revealed that summer CPUE
was significantly higher than winter CPUE (Fig. 4). Pairwise
tests of fishes collected by purse seine confirm that winter
CPUE was significantly higher than CPUE in all other sea-
sons (Fig. 4).

Nearly twice as many spotted seatrout were collected at
the artificial reef (Table 1), however catch totals based on
CPUE were not significantly different between habitats (p =
0.11, ANOVA). There were seasonal differences in CPUE of
spotted seatrout (p < 0.05, ANOVA) with pairwise tests re-
vealing that summer CPUE was significantly higher than
winter and fall catches (Fig. 5). The interaction between site
and season was not significant (p > 0.05, ANOVA). The
probability of presence of spotted seatrout was not dependent
upon site (logistic regression; p = 0.14), but was dependent
both upon water temperature and salinity (p < 0.05, logistic
regression).

Twice as many Atlantic croaker were collected at the
mud bottom site (Table 1), however catch totals based on
CPUE were also not significantly different (p > 0.05,
ANOVA). Seasonal differences in CPUE of Atlantic croaker
were observed, (p < 0.05, ANOVA) with pairwise tests re-
vealing that spring and summer CPUE was higher than that
in winter (Fig. 5). The interaction between site and season
was not significant for Atlantic croaker. The probability of
presence of Atlantic croaker was not dependent upon habitat,
water temperature or salinity (p > 0.05, logistic regression).

Catches of bay anchovy were equivalent between habi-
tats, and CPUE was not significantly different between habi-
tats (Table 1; p > 0.05, ANOVA). There were significant
seasonal differences in abundance of bay anchovy, with
post-hoc tests indicating that CPUE of bay anchovy was
higher in the winter than in other seasons (Fig. 5). There was
a significant interaction between site and season for bay an-
chovy (p = 0.07). The probability of presence of bay an-
chovy was not dependent upon habitat, water temperature, or
salinity (logistic regression; p > 0.05).

Significant differences were observed in the SL and wet
weight of spotted seatrout, Atlantic croaker, and bay an-
chovy between habitats. Spotted seatrout were significantly
larger over the reef site (p < 0.0001, ANOVA), with a mean
SL of 305 £ 6.9 mm over the reef and 243 = 10.1 mm over
the mud bottom site. The mean wet weight of spotted sea
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Fig. (5). Mean catch per unit effort (CPUE) of spotted seatrout
(Cynoscion nebulosus) (top), Atlantic croaker (Micropogonias un-
dulatus) (middle), and bay anchovy (Anchoa mitchilli) (bottom)
over seasons at artificial reef and mud-bottom habitats in Barataria
Bay, Louisiana. Black circles represent artificial reef samples and
white squares represent mud-bottom site samples. Bars represent
standard error.

trout was 435.3 = 28.5 g and 233.5 £ 24.4 g over the reef and
mud bottom sites, respectively (Fig. 6). Atlantic croaker also
were significantly larger over the artificial reef (p < 0.0001,
ANOVA), with a mean SL of 83 £ 3.7 mm over the reef and
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77 £ 0.9 mm over the mud bottom site (Fig. 6). The mean
wet weight of croaker was significantly different, with a
mean of 19.8 + 2.1 g over the reef as compared t0 9.9 £ 0.5 g
over the mud bottom site (p < 0.0001). Bay anchovy were
significantly larger over the mud bottom site (p < 0.001,
ANOVA), with a mean SL of 45 £ 0.4 mm over the reef as
compared to 47 = 0.5 mm over the mud bottom site (Fig. 6).
Mean wet weights of bay anchovy were also significantly
different between habitats with a mean of 1.2 + 0.04 g over
the reef as compared to 1.4 = 0.05 g over the mud bottom
site (p < 0.001, ANOVA). Tukey post-hoc tests confirmed
all differences in sizes between habitats for the three species
examined. Taken together with the CPUE data, results indi-
cate there is a higher biomass of both spotted seatrout and
Atlantic croaker over the artificial reef site (p < 0.05,
ANOVA). There were no significant differences in biomass
of bay anchovy between habitats (p > 0.05).

DISCUSSION

One thing that is important to consider in the context of
habitat alteration projects, is what the overall objective the
project will be. Different user groups (i.e. commercial fish-
erman, environmental groups, scientists, etc.) may view suc-
cess differently, depending on how they assign value to a
particular habitat [19]. Therefore, it is important to consider
whether a habitat alteration is intended to benefit the ecosys-
tem on a community-wide basis, or whether it is designed to
support one species in particular.

The estuarine fish community in Barataria Bay showed
no distinct differences in species richness between the artifi-
cial reef site and the mud bottom site. The dominant species
collected were found in high abundances over both habitats.
Those species that were collected solely at one site were
found too infrequently (3 individuals or fewer) to influence
comparison of overall community structure. There were also
no differences in overall abundances of fishes between habi-
tats. These results are consistent with other studies in Ba-
rataria Bay by Plunket and LaPeyre [29] and MacRae [30],
who also found no differences in either species richness or
species abundance between oyster reef habitat and mud-
bottom habitat. A similar study by Harding and Mann [3] on
transient fish species in Chesapeake Bay found no site-
specific linkages based on habitat. Other studies have con-
cluded that a large and diverse fish community can regularly
be observed in the vicinity of natural and restored oyster
reefs [21, and mud bottoms therein, 31, 32]. These studies
provide evidence that many species may opportunistically
use different habitat types for foraging, spawning, or preda-
tor avoidance.

Nearly twice as many spotted seatrout were collected
over the artificial reef, and these fish were roughly 20%
larger than those collected over the mud bottom, indicating
the artificial reef supports a higher biomass of spotted
seatrout. While spotted seatrout were larger at the reef,
abundance as not difference between habitats, which is simi-
lar to results found be MacRae and Cowan [33], and indi-
cates that seasonal influences have a more pronounced effect
on the distribution of spotted seatrout than the presence of
reef structure. Specifically, spotted seatrout were affected by
temperature and salinity, and presence was determined more
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Fig. (6). Size frequency distribution of spotted seatrout (Cynoscion
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and mud-bottom habitats in Barataria Bay, Louisiana. Black bars
represent artificial reef samples. Grey bars represent mud-bottom
site samples.

by these two factors than by the habitat. This result is consis-
tent with the findings of MacRae and Cowan [33] and to a
study of acoustically tagged spotted seatrout by Callihan
[34], found strong responses of spotted seatrout to low salin-
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ity events, and seasonal preferences for reef (both natural
and artificial) habitats. Callihan [34] observed that spotted
seatrout were frequently located near reef habitats in the
spring and summer months, though this research is still on-
going. We cannot rule out the possibility that they were simi-
larly abundant in every season. In a study of spotted seatrout
movement in Lake Calcasieu, Louisiana, it was observed that
acoustically tagged fish moved much greater distances in
warmer months, but moved very little in cold months, some-
times staying in the same area for up to a week at a time (J.
Callihan, NC State University, personal communication). Be-
cause gillnets are passive, it may be that variability in activity
owing to temperature effects on feeding and respiration could
have influenced our results. In addition, spotted seatrout are
known both to feed opportunistically and to have relatively
low site fidelity, therefore the most important aspect of a habi-
tat for such a species may be the availability of prey. Harding
and Mann concluded that an increased abundance of bluefish
(Pomatomus saltatrix) [35] and striped bass (Morone saxatilis)
[36] over living oyster reefs was likely due to the increased
availability of prey, especially fishes.

Atlantic croaker is known to be one of the most ubiqui-
tous species in the northern Gulf of Mexico, especially dur-
ing early life. It has been collected from a large variety of
habitat types, although it appears to be best adapted for for-
aging on soft-bottom [37]. While there were no significant
differences in abundances of Atlantic croaker between habi-
tats, there was significantly higher biomass of Atlantic
croaker over the reef and significantly larger Atlantic croaker
were collected over the reef. Previous studies on the abun-
dances of Atlantic croaker among different habitats have had
conflicting results. Harding and Mann [3] collected Atlantic
croaker consistently over all bottom types, but found higher
overall abundances of Atlantic croaker over a restored oyster
reef in Chesapeake Bay. Other studies have indicated that
Atlantic croaker utilize oyster reef habitat frequently as a
foraging ground [21, 38]. However, Petrik et al. [39] found
no effect of habitat on numbers of newly recruited Atlantic
croaker in a Texas estuary.

Bay anchovy is a transient schooling species that gener-
ally does not associate with any single type of habitat, and
was found in relatively equal numbers between habitats in
the current study. Minello [12], and Stunz et al. [40] found
high numbers of bay anchovy over shallow, non-vegetated
habitat and along marsh edge habitat, but relatively few indi-
viduals over oyster reefs in Texas and Louisiana. Alterna-
tively, a review by Coen ef al. [21] reported bay anchovy to
be associated with oyster reefs in Virginia, South Carolina,
and Texas. In contrast, results of this study indicate that bay
anchovy abundance, biomass, and CPUE did not differ be-
tween habitats. Bay anchovy is one of the most abundant fish
species in the northern Gulf of Mexico and is ubiquitous in
Louisiana’s estuaries. As such, it is likely that the presence
of reef habitat did not affect the presence of bay anchovy.
However, higher numbers of bay anchovy were found in the
stomachs of spotted seatrout captured over the reef in this
study [41], a result that is similar to the study by Harding
and Mann [35] on bluefish.

It is important to note that no attempt was made to cap-
ture small, cryptic, benthic fish species, many of which are
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considered oyster reef residents, as this study was designed
to focus on recreationally important fish species. It is also
important to note that the artificial reef was built in 2004,
immediately prior to the initiation of the sampling effort.
Many of the reefs examined in a review by Coen et al. [21]
and studies by Harding and Mann [3, 35, 36, 38] were con-
structed years before the initiation of sampling. Artificial
reefs progress through a succession with initial rapid appear-
ance of transient species, followed by establishment of reef-
associated species, and finally colonization of reef-dependent
fish and invertebrate species [10, 42, 43]. A reef is consid-
ered “established” when it reaches the equilibrium phase of a
stable community structure. It is possible that the artificial
reef examined here had not had enough time to become es-
tablished and as such does not support a “climax” reef com-
munity.

Storm events have been shown to reset artificial reef sys-
tems by both scouring the reef material and by causing dis-
persal of reef-associated species [43]. Shortly after sampling
began for this study, two major hurricanes (winds > 120 kts)
affected both habitats in less than a month. The passage of
these storms undoubtedly scoured the reef and removed both
fishes and invertebrates. In addition to tropical storm sys-
tems, the area is regularly subjected to strong winter winds
that can have similar, though less severe, effects. Frequent
disturbances may prevent the colonization of reef dependent
specialists and may make the habitat more suitable for op-
portunistic and generalist strategists [44]. Gregalis ef al. [10]
reported similar results from a series of reefs created in Mo-
bile Bay, Alabama. The dynamic environment in which this
artificial reef was constructed may prevent the system from
ever reaching a climax reef community, but instead allow it
to support a community of opportunistic species [10].

Our research indicates that the presence of an artificial
reef had negligible effects on the estuarine fish community
structure as species richness and abundance of most species
did not differ between habitats. The few differences ob-
served were most likely attributable to seasonal variability.
The only species that seemed to be positively affected by the
presence of the reef was spotted seatrout, with significantly
higher biomass over the artificial reef site. This is important
because spotted seatrout are a major component of the rec-
reational fishery in Louisiana, with a harvest of over 11 mil-
lion pounds in 2008 [45]. As a habitat enhancement project
designed to either increase fishing opportunities or enhance a
specific fishery (spotted seatrout), this study can be looked at
as a success. However, in the context of habitat restoration
and ecosystem-wide function, there was no increase in abun-
dance of most other species. Therefore, it is important to
understand the purpose, placement, and function of habitat
additions, and whether the goal is either fishery enhancement
or habitat restoration. The results can be very different de-
pending on the question asked and whether or not the project
is designed for either overall ecosystem enhancement or for
the benefit of a particular fishery.
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