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Abstract We examined the distribution of nekton across the
marsh landscape using a 1-m2 drop sampler to compare
nekton densities across three different salinity zones (inter-
mediate, brackish, saline), three pond sizes (diameter <40 m=
small, ∼250–300 m=medium, >750 m=large), and two
habitat types (pond, adjacent marsh) in the Barataria Bay
Estuary, Louisiana. Nekton assemblages of ponds and the
adjacent marsh appeared to be structured by the responses of
individual species to the estuarine salinity gradient at the
landscape scale and to pond habitat attributes locally. Our
results indicate that ponds in the brackish and saline zones are
more important nursery areas for most fishery species than
ponds in the intermediate zone. Medium and large ponds
supported higher densities of most species than small ponds.
Most species of nekton were associated with vegetation
structure, and individuals of these species were either
concentrated among plant stems at the marsh edge or within
submerged aquatic vegetation in ponds.

Keywords Marsh pond . Fishery habitat . SAV.
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Introduction

The distribution of nekton across the flooded marsh landscape
can provide information on variability in habitat value. This
information in conjunction with an understanding of how
estuarine habitats can be changed or affected by human
activities can be useful in assessing potential impacts to
nekton populations. Although many studies have shown that
nekton abundance can be affected by salinity gradients in
estuaries (Baltz et al. 1993, 1998), relatively little information
is available on nekton distribution patterns in relation to
marsh ponds (Rozas and Zimmerman 2000). Marsh ponds
are shallow water bodies nearly or entirely surrounded by
emergent vegetation (Chabreck 1971). These coastal features
occur throughout the estuary, from saline marshes near the
ocean to tidal freshwater marshes at the estuary head. Marsh
ponds are often tidally connected to the estuary by one or
more channels but may be hydrologically isolated and
flooded only infrequently by relatively high tides. The
aquatic environment of marsh ponds is variable and dictated
by the frequency of tidal exchange, the condition of
incoming estuarine waters, and the rates of precipitation
and evapotranspiration (Rowe and Dunson 1995).

Marsh ponds can represent a relatively large portion of
the coastal area, making them an important landscape
feature within estuaries. For example, in a 1968 survey of
the Louisiana coast, 25% of the total area (>7,000 ha) was
classified as marsh pond (Chabreck 1971). This survey
enumerated more than five million ponds that ranged
between 0.004 and 161,874 ha in size. The proportion of
the Louisiana coastal area occupied by ponds likely has
increased since this survey was conducted, as land
submergence accelerated after the 1960s and pond forma-
tion increased within the interior of coastal marshes (Sasser
et al. 1986; Reed 1991; Rozas and Reed 1993).
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Much of the previous habitat research on ponds in
estuaries has focused on hydrologically isolated, high
marsh ponds (Talbot and Able 1984; Smith and Able
1994; Rowe and Dunson 1995). These ponds support few
species because infrequent tidal exchange with adjacent
waterways restricts recruitment, and any animals that do
settle in these ponds must be adapted to survive extreme
environmental conditions (Rowe and Dunson 1995; Hampel
et al. 2004) and competition for resources (Layman et al.
2000). In response to infrequent events such as drought,
these ponds may experience a complete shift in dominant
community type (Gascón et al. 2008). In extreme cases,
ponds may shift from a fish- to insect-dominated community
(Dame and Christian 2007).

Marsh ponds that are tidally connected and constantly
flooded generally support more species and larger popula-
tions than hydrologically isolated ponds (Rogers et al.
1992; Rozas and Zimmerman 2000). Although such ponds
have been studied, most past research efforts have focused
exclusively on the pond itself and excluded the adjacent
marsh habitat. Kanouse et al. (2006) examined nekton
populations within ponds of a brackish marsh in Louisiana
by sampling submerged aquatic vegetation (SAV) and
shallow nonvegetated bottom (SNB) within eight marsh
ponds, but they did not sample the emergent marsh habitat
along the pond shoreline. Hitch (2009) examined the
distribution of nekton within ponds along environmental
gradients of salinity, marsh fragmentation, and SAV
coverage but did not examine the effect of pond size on
nekton density patterns. We are unaware of any published
studies comparing the habitat value of tidal ponds and
adjacent wetlands that were designed to examine gradients
of both pond salinity and pond size.

The overall objective of our study was to examine the
distribution of estuarine nekton in hydrologically connected
marsh ponds and adjacent wetlands from different salinity
regimes. We compared nekton densities in two habitat types
(pond, adjacent marsh), at ponds of three sizes, and along
an estuarine salinity gradient in southeast Louisiana.

Methods

The study area was located in the Barataria Basin, bounded
on the west by the Barataria Waterway and on the east by
the Mississippi River and Bayou Grand Chenier (Fig. 1).
The area extended north to south across three (intermediate,
brackish, saline) vegetation-salinity zones (hereafter short-
ened to zones) defined and mapped by Chabreck (1972)
and Linscombe and Chabreck (2001). We chose to use
these terms to name the three zones in our paper because
they are based on marsh vegetation, which reflects the
salinity conditions of the recent past, as marsh plants

respond to, and integrate, local salinity patterns, and these
terms are commonly used to classify coastal wetlands in
Louisiana (Visser et al. 1998). The wide fluctuation in
salinity, often characteristic of estuaries, was a major
consideration in our decision to select zones based on
dominant marsh vegetation rather than immediate salinity
conditions at the time samples were collected. Species of
nekton may be responding in part to local environmental
conditions at the time they are collected, but nekton
responses to salinity likely occur over a variety of temporal
scales. In addition to salinity at the moment, nekton species
appear to respond to environmental conditions (e.g.,
vegetation type, abundance of infaunal prey) developed
over longer periods of salinity exposure (Warren et al.
2002; Able et al. 2008). The intermediate, brackish, and
saline zones of Chabreck (1972) are comparable to the
oligohaline, mesohaline, and polyhaline zones, respectively,
of the Venice system (Anonymous 1958; Visser et al.
1998). We selected study ponds within each zone to ensure
that nekton samples would be collected at representative
sites along the estuarine salinity gradient. Emergent
vegetation was dominated by Spartina patens (Aiton)
Muhl. in the intermediate and brackish zones and Spartina
alterniflora Loisel. in the saline zone. Pond sample sites
lacked submerged vegetation (they were classified as SNB)
in the brackish and saline zones, but all ponds in the
intermediate zone contained SAV dominated by Ruppia
maritima L. with Najas guadalupensis (Sprengel) Magnus
much less abundant. Tides in the study area are predomi-
nantly diurnal and have a mean daily range of <0.3 m
(Byrne et al. 1976; Baumann 1987).

We sampled nekton within and adjacent to ponds
categorized into three sizes (small <40-m diameter, medium
∼250–350-m diameter, and large >750-m diameter) and
located in each of the three zones (Fig. 1). Ponds (four
replicates of each size per zone) were randomly selected
from aerial photography to ensure that our sample sites
included the range of pond sizes that occur within each
zone and that the different-sized ponds we selected were
interspersed among available ponds in a zone. For small
ponds, we only selected ponds that appeared to have some
connection (creeks or channels) with estuarine waters. Most
small ponds examined seemed to have such connections.
Two different habitat types (pond bottom and adjacent
marsh) were sampled in each zone.

We collected a total of 180 samples each in spring and
fall at high tide during a week of tropical tides, April 26–
May 2 and September 13–19, 2002. Because nekton
densities can vary with distance from the marsh shoreline
(Minello et al. 2008) and our goal was to represent the
entire population of sites within pond habitats in our
sampling design, we collected samples at specific distances
from shore in each habitat type, pond size, and zone.
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During each sampling period, we took samples of emergent
marsh habitat (1 and 3 m from the shoreline of small and
medium ponds) in each zone for a total of 48 marsh samples.
Marsh samples were collected in association with small and
medium ponds only because most shorelines of large ponds
were eroded, and the marsh surface was not flooded and
available to nekton. In addition, for each sampling period, 44
samples were taken within ponds (1, 5, 20, and 50 m from the
shoreline of large and medium ponds and 1 and 5 m and
middle of small ponds) in each zone. Sample sites within and
around ponds were selected using random numbers (0–360°)
to identify compass bearings around the pond periphery. The
distance from shore was determined using a handheld laser
range finder for distances of 20 m or more and a meter tape for
shorter distances.

Our systematic sampling approach should provide
nekton density estimates useful for making comparisons
among salinity zones and pond sizes. Because samples
were collected at fixed distances from the marsh edge and
not at random locations within ponds and marshes,
however, our mean densities may not be unbiased estimates
of actual mean densities in these habitats. In particular,

comparisons between habitat types should be interpreted
with this caveat in mind.

All nekton samples were collected using 1-m2 drop
samplers (Zimmerman et al. 1984; Rozas and Minello
1997). The samplers were 1.14-m-diameter cylinders that
we dropped from a boom attached to shallow-draft boats.
We used two boats and crews of three persons each to
collect nekton samples. Each boat (unpowered) was
allowed to drift until the cylinder was over a sample site
or two persons positioned the cylinder over a sample site by
slowly pushing from the boat's stern. When released from
the boom, the cylinder rapidly entrapped organisms within
a 1-m2 sample area.

After the cylinder was dropped, we measured water
temperature, dissolved oxygen (DO), salinity, and turbidity
using the methods described by Minello and Zimmerman
(1992). The spatial location of each sample site was
determined using a GPS unit. We determined water depth
at each sample site by averaging five depth measurements
taken within the sampler. We also measured the distance
from the middle of the sample area to the nearest marsh–
water interface. At marsh sites, plant stems were clipped at
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Fig. 1 Map showing the bound-
ary of the study area
(solid white line) in the Barataria
Bay estuary and the locations of
small, medium, and large ponds
within and around which
samples were collected. The
three vegetation-salinity zones
are delineated on the map by
broken lines
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ground level, counted (dead and alive combined), and
removed from the cylinder. If SAV was present at pond sites,
we identified the species of plants present and estimated
coverage (0–100%) by placing a grid inside the sampler and
counting the number of squares containing vegetation.

After measuring the environmental variables, we cap-
tured nekton trapped in the drop sampler by using dip nets
and filtering the water pumped out of the enclosure through
a 1-mm-mesh net. When the sampler was completely
drained, any animals remaining on the bottom were
removed by hand. Samples were preserved in formalin
and returned to the laboratory for processing.

In the laboratory, the samples were sorted, and animals
were identified to lowest feasible taxon. We used the
nomenclature of Perez-Farfante and Kensley (1997) for
penaeid shrimps and identified species using the protocol
described in Rozas and Minello (1998). Forty-three speci-
mens of Farfantepenaeus and eight other penaeids could
not be reliably identified from the nekton samples either
because of their size (total length 13–18 mm) or because
they were damaged; these shrimps were assigned as brown
shrimp Farfantepenaeus aztecus or pink shrimp Farfante-
penaeus duorarum based on the proportion of identified
species in each sample. Animals that could not be reliably
identified were not used in size analyses. Total length of
fishes and shrimps and carapace width of crabs were
measured to the nearest millimeter. We determined the
biomass for each species by pooling individuals in a sample
and measuring wet weight to the nearest 0.1 g.

Statistical Analyses

We used analysis of variance (ANOVA) on transformed
(ln+1) density data to examine density patterns of abundant
fishes and decapod crustaceans. This transformation was
used to remove the relationship between the mean and
variance present in untransformed density data (Milliken
and Johnson 1992).

We conducted separate analyses for (1) data from small
and medium ponds with associated marsh sites and (2) data
from ponds only (all sizes) on mean densities of numeri-
cally dominant taxa. Analyses of data from small and
medium ponds that included marsh sites were conducted
using a three-way ANOVA model that included the main
effects of zone (levels = saline, brackish, and intermediate),
pond size (levels = small and medium), and habitat type
(levels = marsh and pond); data collected from large ponds
were excluded from these analyses to avoid potential
problems with using an unbalanced statistical design with
empty cells. Mean values from multiple samples within a
pond or the adjacent marsh were used as observations;
ponds were replicated four times. Environmental character-
istics (salinity, water temperature, dissolved oxygen, water

depth, turbidity, distance to shoreline, SAV coverage, and
stem density) and size of selected fishery species (brown
shrimp, white shrimp Litopenaeus setiferus, blue crab
Callinectes sapidus) also were examined using untrans-
formed data and this same ANOVA model.

Separate analyses of only pond data were conducted
using a two-way ANOVA model with main effects of zone
(levels = saline, brackish, and intermediate) and pond size
(levels = small, medium, and large). These analyses
excluded all data collected from marsh sites.

Comparisons of means in tests of main effects with more
than two levels were based on the Games–Howell multiple-
range test and a 0.05 significance level (Day and Quinn
1989). In all ANOVA procedures, we analyzed the data
collected during each season separately because several
species were only abundant enough in one season to
include in the statistical analyses. We considered alpha
levels of 0.05 to be significant in all results, but we also
assessed significance after adjusting alpha levels for the
main effects using the sequential Bonferroni method
described by Rice (1989), which buffers against error
introduced by making multiple comparisons with the same
sample set. All tabular and graphical data presented in this
paper are untransformed means. We conducted these
statistical analyses using SuperANOVA (Version 5 Ed.,
Abacus Concepts, Inc., Berkeley, CA, USA, 1989).

We also used DTREG Predictive Modeling Software to
run univariate classification and regression tree (CART)
analysis to further explore potential relationships between
selected fishery species and environmental characteristics
(www.dtreg.com, P. H. Sherrod, Brentwood, Tennessee,
2003–2009). Each univariate CART analysis included a
response variable of transformed (ln+1) density data for
brown shrimp, white shrimp, or blue crab, three categorical
explanatory variables (zone, pond size, habitat type), and
seven continuous explanatory variables (water temperature,
salinity, DO, water depth, turbidity, SAV coverage, stems).
We used density data for the season (brown shrimp =
spring, white shrimp and blue crab = fall) when each
species was most abundant in the study area. CART
analysis is a useful tool for exploring species distribution
patterns, especially when the data are unbalanced, contain
many zeros, and have potential for high-order interactions
(De’ath 2002). Trees are constructed from a series of
mutually exclusive binary splits. The objective is to create
subsets at each split that are as internally homogeneous as
possible. The relative importance of each variable in the
tree decreases with each split; the first split accounts for
most of the overall variance in the model, and subsequent
splits explain increasingly less. The “best” tree from each
analysis was selected based on the cross-validation error.
We selected the smallest tree with the minimum cross-
validation error (Breiman et al. 1984).
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Results

We identified a total of 14 crustacean species (1,515
individuals, 922 g) and 32 fish species (2,532 individuals,
599 g) from 180 samples collected in April–May 2002 and
13 crustacean species (3,085 individuals, 661 g) and 24 fish
species (6,389 individuals, 1,405 g) from 180 samples
taken in September 2002. Most (spring and fall=74%)
crustaceans collected in our samples consisted of ten
species. Similarly, only 13 species accounted for most
(spring=85%, fall=94%) of the fishes we collected.

Density Patterns

Animal density patterns among zones and pond sizes and
between habitat types varied by species (Table 1). In their
distribution among zones, most species fell into two groups
with approximately equal numbers of species in each.
Species in the first group were more abundant in the saline
or brackish zones than the intermediate zone, whereas those
in the second were most abundant in the intermediate zone.
Densities of most species also were higher in large or
medium than in small ponds and at vegetated sites (marsh
or SAV) rather than SNB sites.

Zone Effects Based on the analysis of data collected at
small and medium ponds only, several taxa, including two
fishery species, were more abundant in the saline and
brackish zones than in intermediate zone (Table 1). In fall,
blue crab densities were higher at saline and brackish sites
than at intermediate sites (Table 1), and densities of white
shrimp were higher at saline than at intermediate sites
(Table 1, Fig. 2). The purple marsh crab Sesarma
reticulatum (spring) was more abundant in the saline and
brackish zones than in the intermediate zone in spring.
Although mean densities of brown shrimp also were lower
at intermediate than at brackish or saline sites in both spring
and fall and the main effect of zone in the analyses was
significant, no significant difference among zones was
detected by post hoc comparisons (Table 1, Fig. 3).

In contrast to this pattern, three resident estuarine species
were more abundant in the intermediate zone than in the
saline or brackish zones. In fall, sheepshead minnow
Cyprinodon variegatus was most abundant in the interme-
diate zone (Fig. 4). Rainwater killifish Lucania parva
showed a similar pattern of distribution. Brackish grass
shrimp Palaemonetes intermedius was more numerous in
the intermediate than in the saline zone (Table 1).

When marsh sites were excluded and all three pond sizes
were included in the analysis, four species showed a
distribution pattern across zones consistent with that
described above: blue crab (fall) was more abundant in
the saline and brackish zones than in the intermediate zone,

whereas brackish grass shrimp, rainwater killifish (fall), and
sheepshead minnow (fall) were most abundant in the
intermediate zone (Table 2). Rainwater killifish in spring
was more numerous in the intermediate than in the brackish
zone. In addition, Harris mud crab Rhithropanopeus
harrisii (fall) densities were higher in the brackish than in
the intermediate zone. Bay anchovy was more abundant in
the saline and brackish zones than in the intermediate zone
in spring, but densities of this species did not differ by zone
in fall. Daggerblade grass shrimp, gulf pipefish (spring),
sailfin molly (fall), and clown goby (fall) were most
abundant in the intermediate zone.

Pond Size Effects We also observed significant differences
in nekton densities among pond sizes (Tables 1 and 2).
Most species, including brown shrimp in spring (Fig. 3) and
blue crab, were more abundant in large or medium ponds
than in small ponds. Other species such as brackish grass
shrimp (spring), purple marsh crab, gulf pipefish (spring),
daggerblade grass shrimp (fall), Harris mud crab (fall),
naked goby, and bay anchovy (fall) also showed this
pattern. Only sheepshead minnow and bayou killifish (fall)
had higher densities in small ponds than in large or medium
ponds.

Pond size interacted significantly with zone for four
species in the analysis excluding large ponds (Table 1) and
for six species in the analysis of all three pond sizes
(Table 2). The distribution of these species across pond
sizes changed with zone. For example, brown shrimp
(spring) was more abundant in saline and brackish medium
ponds than small ponds, but within the intermediate zone,
their densities were low and similar in medium and small
ponds (Table 1, Fig. 3).

Habitat Effects Most abundant species were closely asso-
ciated with sites that contained vegetation structure, either
emergent marsh vegetation or SAV in ponds. Several
species, including diamond killifish Adinia xenica, bayou
killifish, purple marsh crab, and squareback marsh crab,
were strongly associated with emergent marsh vegetation;
the mean densities of these species were higher in emergent
marsh than over pond bottom in each zone where they
occurred (Table 1). Other species, such as sheepshead
minnow (Fig. 4) and sailfin molly, were more abundant in
marsh within the saline and brackish zones and more
abundant in ponds (where SAV was prevalent) in the
intermediate zone (Table 1). Daggerblade grass shrimp
Palaemonetes pugio, blue crab (fall), and rainwater killifish
also showed this habitat switch between the intermediate
zone and the saline–brackish zones (Table 1).

A few species were more abundant in ponds than within
marsh vegetation. For example, bay anchovy Anchoa
mitchilli and gulf menhaden Brevoortia patronus were
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collected exclusively in ponds. Other species, such as brown
shrimp (spring), clown goby Microgobius gulosus (fall), and
gulf pipefish Syngnathus scovelli (spring) also were more
abundant over pond bottom than within emergent marsh in
each zone where they occurred (Table 1).

The effect of habitat type (marsh versus pond) signifi-
cantly interacted with zone for 12 species (Table 1). Most
of these species exhibited one of two common distribution-
al patterns. Animals were more abundant in marsh
vegetation than ponds within the saline and brackish zones,
and either (1) more abundant in ponds than in marshes
within the intermediate zone (see example of sheepshead
minnow, Fig. 4) or (2) their densities in ponds and the
adjacent marsh of the intermediate zone were low and
similar (e.g., purple marsh crab and gulf killifish Fundulus
heteroclitus in spring).

The results of the CART analysis were generally
consistent with the ANOVA results. Zone was the most
important variable explaining blue crab distribution; blue
crab densities were higher in the brackish and saline zones
than in the intermediate zone (Fig. 5). Pond size formed a
major secondary split on the combined brackish and saline
zones, and water depth formed a minor split on large and

medium ponds. Blue crab densities were higher in large and
medium ponds than in small ponds and higher in shallow
than in deep water. The selected tree for blue crab included
the entire model and explained 64% of the overall variation.
The white shrimp tree explained 49% of the overall
variance and revealed that this species was more abundant
in marsh than ponds (Fig. 6). In the model for brown
shrimp, the most important explanatory variable (9% of
overall variance explained) was pond size (Fig. 7). Brown
shrimp was more abundant in large and medium ponds than
small ponds. Zone formed a major secondary split on large
and medium ponds. Although this split and a minor split of
DO on the saline zone are shown in Fig. 7, these results
were not included in the model selected based on
minimizing cross-validation error.

Environmental Characteristics

Environmental characteristics also differed significantly
among zones and between pond sizes and habitat types
(Table 3). As expected, mean salinity generally decreased
across zones with distance up estuary, although there was
no significant difference in salinity between brackish and
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intermediate sites in spring. Turbidity levels in spring were
higher at brackish than at intermediate sites. SAV cover was
significantly higher in intermediate than in saline or
brackish ponds, and stem density of marsh plants was
higher at brackish than at saline sites in spring (Table 3). In
spring, medium ponds had higher dissolved oxygen levels
and greater SAV coverage than small ponds. Turbidity was
higher in medium than in small ponds in fall. In addition to
being deeper and farther from the shoreline (as expected),
pond samples also had higher dissolved oxygen concen-
trations than samples from the adjacent marsh (Table 3).
This difference in dissolved oxygen interacted with zone
and was greater in the intermediate zone than in the saline
and brackish zones. There was a similar interaction between
pond size and zone; while the overall mean dissolved
oxygen concentration was higher in medium than in small
ponds in spring, this difference was greater in the
intermediate zone than in the saline and brackish zones.

Nekton Size

The size of some of the animals we collected also varied by
zone and habitat type, but not pond size. In spring, brown

shrimp collected within the intermediate zone were signif-
icantly larger than those taken in the saline or brackish
zones (ANOVA: MS=1454.5646, F2, 8=5.6877, p=0.0291,
Games–Howell critical difference=23.0304 and 8.4023,
Fig. 8). The size of blue crab and white shrimp in fall
was not significantly different among zones, but these
species were significantly larger at marsh than at pond sites
(blue crab ANOVA: MS=1182.2165, F1, 24=11.2373, p=
0.0027, Fig. 8; white shrimp ANOVA: MS=1566.8337,
F1, 5=20.5524, p=0.0062).

Discussion

Our analysis of nekton distributions within the Barataria Bay
Estuary was designed to compare nekton density patterns
among pond habitats across the estuarine salinity gradient.
Although we analyzed distribution patterns of the most
abundant species, our focus was on juvenile fishery species
that use these estuarine habitats. Salinity or vegetation zone,
pond size, and habitat type were all found to be important
variables related to nekton density and useful for characteriz-
ing fishery habitat in our study area. Nekton density patterns
in the estuary appear to be structured by the responses of
individual species primarily to the estuarine salinity gradient
and secondarily, at the local level, to pond habitat character-
istics (Gunter 1961; Weinstein et al. 1980; Martino and Able
2003; Upchurch and Wenner 2008).

The saline and brackish zones of the estuary appear to
provide more habitat support for most fishery species than
the intermediate zone. Except for gulf menhaden, the
intermediate zone contained relatively low densities of
fishery species. Marsh densities of white shrimp and blue
crab were much higher in the saline and brackish zones
than in the intermediate zone, while densities of white
shrimp in ponds were similar among zones. Pond densities
of blue crab were lowest in the intermediate zone, even
though beds of submerged vegetation, which would seem to
provide valuable habitat for this species, were extensive in
intermediate ponds. Densities of brown shrimp also were
relatively low in the intermediate zone, although post hoc
comparisons in our analysis did not detect significant
differences in brown shrimp abundance among zones. The
CART analysis revealed higher densities of brown shrimp
in the saline zone than in the brackish or intermediate zones
(mean=2.0 versus 0.9 m−2), although this split was not
included in the selected tree. Spotted seatrout Cynoscion
nebulosus was infrequently collected at saline and brackish
sample sites, but this species was entirely absent from
intermediate sites. These patterns seem to contradict the
importance placed on low-salinity areas by Thomas (1999),
based on an analysis of data collected by the Louisiana
Department of Wildlife and Fisheries (LDWF). Thomas
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(1999) reported that coastal habitats with salinities <10
supported the highest abundance of brown shrimp, white
shrimp, spotted seatrout, and blue crab. We did not observe
high densities of fishery species in low-salinity (<10) areas.
In our study, salinities in spring were low (<7) throughout
the study area, and densities of brown shrimp and blue crab
also were relatively low. During fall, when salinities were
<10 only in the intermediate zone, white shrimp, blue crab,
and spotted seatrout were more abundant in the brackish
and saline zones where salinities were 10 or higher. The
relatively low densities of fishery species in the intermedi-
ate zone also may be related to habitat accessibility. The
intermediate zone is located farther from sources of new
recruits in the Gulf of Mexico or tidal passes, and new
recruits must negotiate a labyrinth of tidal channels to
access ponds in the intermediate zone.

Our findings are corroborated by other studies conducted
along the northern Gulf of Mexico. Marsh and SAV habitats
in lower Mobile Bay were recognized as the primary
nursery areas for small juvenile blue crab based on
comparisons of blue crab densities at a low-salinity delta
site and mesohaline sites located in the lower estuary (Heck
et al. 2001). Penaeid shrimps in Mobile Bay also are much
more abundant at mesohaline than oligohaline sites, and
few shrimp occur at salinities <3 (Howe et al. 1999).
Negative relationships between salinity and abundance of
penaeid shrimps and blue crabs have been reported in
Mobile Bay (Howe et al. 1999); Old Fort Bayou,
Mississippi (Peterson and Ross 1991); and Galveston Bay
(Zimmerman et al. 1990).

Oligohaline estuarine areas (intermediate zone) may be
less important for most fishery species than higher salinity

sites, but some fishery species do occur there (Rounsefell
1964; Felley 1987; Hastings et al. 1987), and these low-
salinity areas may play some role in supporting coastal
fisheries. In particular, these areas may be important
nursery areas for gulf menhaden. For other species, the
importance of oligohaline nursery areas may vary by
estuary or geographic region (Weinstein 1979; Rogers et
al. 1984; Rozas and Hackney 1984; Akin et al. 2003,
Minello et al. 2003). For example, low-salinity sites appear
to be important nursery areas for blue crab in some river-
dominated estuaries of the Southeastern USA (Posey et al.
2005). In the Northeastern USA, striped bass Morone
saxatilis, white perch Morone americana, Atlantic tomcod

Node 36
Water Depth<44.5 cm
N=23
Mean=15.61
SD=19.58

Node 3
Zone=Brackish, Saline
N=120
Mean=6.37
SD=10.79

Node 1
Entire Group
N=180
Mean=4.49
SD=9.31

Node 20
Pond Size=Small
N=40
Mean=2.50
SD=3.67

Node 21
Pond Size=Large, Medium
N=80
Mean=8.30
SD=12.52

Node 2
Zone=Intermediate
N=60
Mean=0.75
SD=2.50

Node 37
Water Depth>44.5 cm
N=57
Mean=5.35
SD=5.92

Blue Crab - Fall 2002Fig. 5 Results of the CART
analysis for blue crab in
September 2002. Each node in
the tree includes the name of the
explanatory variable, number of
cases (N), mean density
(individuals per square meter),
and the standard deviation (SD).
Water depth split again at node
36 with higher densities at
depths >40.5 cm (N=3,
mean=57.7, SD=22.1), but this
split is not included in the
figure. The minimum error tree
explains 64% of the variance.
The minimum + 1SE tree is the
entire tree

Node 3
Stem>165 m-2

N=50
Mean=1.64
SD=5.76

Node 1
Entire Group
N=180
Mean=0.89
SD=4.37

Node 4
Habitat Type = Pond
N=128
Mean=0.16
SD=0.71

Node 5
Habitat Type=Marsh
N=2
Mean=29.00
SD=4.00

Node 2
Stems<165 m-2

N=130
Mean=0.61
SD=3.65

White Shrimp - Fall 2002

Fig. 6 Results of the CART analysis for white shrimp in September
2002. Each node in the tree includes the name of the explanatory variable,
number of cases (N), mean density (individuals per square meter), and
the standard deviation (SD). The minimum error tree explains 48.8% of
the variance. The minimum + 1SE tree is the entire tree
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Microgadus tomcod, and several clupeids (e.g., American
shad Alosa sapidissima) also depend on low-salinity areas
during some stages of their life histories (Able and Fahay
1998; Waldman 2006). More research is needed that
compares growth and survival rates, in addition to density
and biomass, among salinity zones to accurately assess
habitat value and the role these areas play in supporting
coastal fisheries.

Habitat value also varied with pond size in our study,
and small ponds (diameter <40 m) generally supported
lower densities of nekton, including fishery species, than
larger ponds. Kanouse et al. (2006) did not detect an effect
of pond size on nekton density or biomass, but their pond
size range (0.2–1.87 ha) was relatively narrow, and all
would have been classified as medium size ponds in our
study. Marsh ponds do function as nursery areas for fishery
species if they are well connected with adjacent waterways
(Rogers et al. 1992; Rozas and Zimmerman 2000). For
example, medium and large ponds in our study area had a
high degree of connectivity with adjacent waterways, and
fall blue crab densities were relatively high in these ponds.
Ponds that lack this hydraulic connection, however, support
relatively few organisms because limited tidal exchange
restricts recruitment (Rozas and Minello 1999), and animals
confined within isolated ponds are subjected to severe
environmental conditions (Dunson et al. 1993; Rowe and
Dunson 1995; Gascón et al. 2008) as well as predation and
competition for food (Loftus and Eklund 1994; Layman et

al. 2000). Most of the small ponds included in our study
were connected to adjacent waterways by narrow, shallow
channels that may have restricted tidal exchange; and these
ponds had lower dissolved oxygen concentrations and less
SAV in spring than larger ponds in our study area. Small
ponds also were shallower than larger ponds, and at low
tide, the nekton in these small ponds may have been more
vulnerable to stranding or to predation by wading birds
(Kneib 1982; Master 1992). Sheepshead minnow, a species
that often dominates the assemblage of high marsh ponds
(Talbot and Able 1984; Rowe and Dunson 1995), was the
only species in our study that seemed to thrive in small
ponds. Other studies also show that small isolated marsh
ponds generally contain relatively few fish species, and
assemblages are dominated by cyprinodontids, fundulids,
poeciliids, and atherinids (Loftus and Eklund 1994; Ross
and Doherty 1994; Layman et al. 2000). These character-
istic pond residents are generally very tolerant of the
extreme environmental conditions (e.g., low dissolved
oxygen concentration, high temperature and salinity) that
commonly exist in small ponds (Nordlie 2007).

Vegetation structure was an important habitat character-
istic in our study area, and many species were closely
associated with either emergent vegetation or SAV as has
been documented in numerous other studies (see review by
Minello et al. 2003). Several species such as bayou killifish
and diamond killifish showed a high degree of fidelity for
emergent marsh vegetation and even selected marsh

Node 42
D O<6.95 mg L-1

N=32
Mean=1.41
SD=1.64

Node 3
Pond Size=Large, Medium
N=120
Mean=1.23
SD=1.80

Node 1
Entire Group
N=180
Mean=0.89
SD=1.57

Node 12
Zone=Intermediate, Brackish
N=40
Mean=0.88
SD=1.33

Node 13
Zone=Saline
N=80
Mean=1.95
SD=2.32

Node 2
Pond Size=Small
N=60
Mean=0.22
SD=0.52

Node 43
D O>6.95 mg L-1

N=8
Mean=4.13
SD=3.22

Node 44
Salinity<5.5
N=6
Mean=3.00
SD=1.91

Node 45
Salinity>5.5
N=26
Mean=1.04
SD=1.32

Brown Shrimp - Spring 2002Fig. 7 Results of the CART
analysis for brown shrimp in
April–May 2002. Each node in
the tree includes the name of the
explanatory variable, number of
cases (N), mean density
(individuals per square meter),
and the standard deviation (SD).
The minimum error tree
explains 31.1% of the variance.
The minimum + 1SE tree
includes nodes 2 and 3 only and
explains 9.3% of the variance

662 Estuaries and Coasts (2010) 33:652–667



T
ab

le
3

C
om

pa
ri
so
n
of

en
vi
ro
nm

en
ta
l
va
ri
ab
le
s
(m

ea
n
pe
r
sq
ua
re

m
et
er

±
1
S
E
)
am

on
g
ve
ge
ta
tio

n-
sa
lin

ity
zo
ne
s
an
d
be
tw
ee
n
po
nd

si
ze

an
d
ha
bi
ta
t
ty
pe

in
A
pr
il–

M
ay

an
d
S
ep
te
m
be
r
20
02

S
al
in
e

B
ra
ck
is
h

In
te
rm

ed
ia
te

S
m
al
l
po
nd

M
ed
iu
m

po
nd

M
ai
n
ef
fe
ct
s

In
te
ra
ct
io
ns

M
ar
sh

P
on
d

M
ar
sh

P
on
d

M
ar
sh

P
on
d

M
ar
sh

P
on
d

M
ar
sh

P
on
d

Z
on
e

P
on
d
si
ze

H
ab
ita
t
ty
pe

Z
on
e
×

P
si
ze

Z
on
e
×

H
ty
pe

P
si
ze

×
H
ty
pe

Z
on
e
×

P
si
ze

×
H
ty
pe

M
ea
n
S
E

M
ea
n
S
E

M
ea
n
S
E

M
ea
n
S
E

M
ea
n
S
E

M
ea
n
S
E

M
ea
n
S
E

M
ea
n
S
E

M
ea
n
S
E

M
ea
n
S
E

P
va
lu
e

D
IF
F

P
va
lu
e

D
IF
F

P
va
lu
e

D
IF
F

P
va
lu
e

P
va
lu
e

P
va
lu
e

P
va
lu
e

A
pr
il–

M
ay

20
02

W
at
er

de
pt
h
(c
m
)

19
.6

(2
.6
3)

63
.0

(4
.5
5)

19
.4

(2
.5
1)

68
.6

(3
.9
0)

14
.8

(2
.0
9)

53
.4

(2
.7
6)

20
.0

(2
.0
8)

54
.6

(2
.7
3)

15
.8

(1
.8
1)

68
.8

(3
.0
1)

0.
00
16

a
0.
02
44

M
>
S

0.
00
01

a
P
>
M

0.
32
40

0.
13
90

0.
00
01

0.
74
81

D
is
ta
nc
e
to

S
ho
re
lin

e
(m

)
2.
0
(0
.0
6)

11
.8

(2
.7
4)

2.
0
(0
.0
4)

12
.4

(2
.4
7)

2.
1
(0
.0
5)

12
.4

(2
.2
1)

2.
0
(0
.0
5)

5.
8
(0
.3
9)

2.
0
(0
.0
3)

18
.7

(0
.3
7)

0.
47
90

0.
00
01

a
M

>
S

0.
00
01

a
P
>
M

0.
07
16

0.
45
30

0.
00
01

0.
08
47

D
is
so
lv
ed

O
xy
ge
n
(m

g
L
-1
)

5.
4
(0
.3
7)

5.
9
(0
.3
6)

5.
2
(0
.3
7)

6.
3
(0
.2
9)

5.
1
(0
.6
3)

7.
4
(0
.7
7)

4.
6
(0
.2
6)

5.
7
(0
.1
8)

5.
9
(0
.3
8)

7.
3
(0
.5
2)

0.
33
62

0.
00
02

a
M

>
S

0.
00
05

a
P
>
M

0.
14
95

0.
09
44

0.
67
52

0.
76
25

W
at
er

Te
m
pe
ra
tu
re

(C
)

27
.9

(0
.5
5)

28
.4

(0
.4
9)

28
.2

(0
.5
1)

27
.8

(0
.4
4)

29
.6

(0
.7
4)

29
.6

(0
.7
8)

28
.7

(0
.5
2)

28
.6

(0
.5
8)

28
.4

(0
.5
5)

28
.6

(0
.4
7)

0.
01
78

I
>
B

0.
79
26

0.
92
56

0.
07
42

0.
74
27

0.
74
09

0.
71
96

S
al
in
ity

6.
5
(0
.6
3)

6.
7
(0
.4
1)

4.
5
(0
.8
5)

5.
5
(0
.5
6)

4.
3
(0
.3
3)

4.
8
(0
.3
0)

5.
3
(0
.4
7)

5.
9
(0
.2
5)

4.
9
(0
.6
9)

5.
4
(0
.5
3)

0.
00
21

a
S
>
B
=
I

0.
38
03

0.
20
76

0.
53
33

0.
79
30

0.
86
56

0.
66
91

T
ur
bi
di
ty

(F
T
U
)

18
.8

(2
.2
7)

13
.0

(3
.2
0)

27
.4

(8
.6
8)

28
.5

(5
.9
9)

16
.1

(8
.5
3)

5.
8
(1
.6
2)

16
.1

(3
.4
5)

18
.2

(5
.1
4)

25
.4

(7
.3
1)

13
.3

(3
.0
6)

0.
01
30

B
>
I

0.
63
02

0.
28
04

0.
28
96

0.
59
43

0.
12
46

0.
12
92

S
A
V

C
ov
er
ag
e
(%

)
0.
0
(0
.0
0)

0.
0
(0
.0
0)

66
.3

(1
3.
35
)

10
.8

(5
.2
9)

33
.3

(1
4.
21
)

0.
00
01

a
I
>
S
=
B

0.
00
01

a
M

>
S

0.
00
01

S
te
m

D
en
si
ty

(m
-2
)

47
3
(8
4.
67
)

1,
01
0
(1
17
.1
7)

72
1
(6
5.
82
)

72
0
(1
15
.0
9)

74
9
(7
8.
57
)

0.
00
26

a
B
>
S

0.
79
50

0.
30
03

S
ep
te
m
be
r
20
02

W
at
er

de
pt
h
(c
m
)

20
.1

(2
.5
4)

61
.5

(6
.9
5)

16
.4

(2
.4
8)

54
.4

(5
.4
9)

13
.9

(1
.6
1)

51
.1

(4
.4
9)

18
.7

(2
.1
3)

43
.8

(2
.2
4)

14
.9

(1
.5
6)

67
.6

(3
.8
0)

0.
02
98

0.
00
03

a
M

>
S

0.
00
01

a
P
>
M

0.
45
22

0.
77
04

0.
00
01

0.
46
11

D
is
ta
nc
e
to

S
ho
re
lin

e
(m

)
2.
1
(0
.0
8)

11
.5

(2
.5
8)

1.
9
(0
.1
2)

11
.7

(2
.4
3)

1.
7
(0
.1
0)

13
.0

(2
.3
4)

1.
8
(0
.0
8)

5.
6
(0
.3
3)

2.
0
(0
.0
9)

18
.5

(0
.2
4)

0.
00
79

a
0.
00
01

a
M

>
S

0.
00
01

a
P
>
M

0.
26
55

0.
00
01

0.
00
01

0.
22
05

D
is
so
lv
ed

O
xy
ge
n
(m

g
L
-1
)

3.
2
(0
.3
6)

3.
9
(0
.3
6)

3.
6
(0
.4
9)

4.
5
(0
.4
3)

2.
2
(0
.5
0)

6.
9
(0
.9
0)

2.
8
(0
.2
8)

4.
5
(0
.4
2)

3.
2
(0
.5
0)

5.
8
(0
.7
3)

0.
16
41

0.
06
64

0.
00
01

a
P
>
M

0.
78
51

0.
00
06

0.
30
78

0.
16
72

W
at
er

Te
m
pe
ra
tu
re

(C
)

30
.1

(0
.5
5)

30
.3

(0
.4
7)

30
.7

(0
.3
9)

30
.7

(0
.4
9)

29
.4

(0
.5
2)

30
.9

(0
.4
5)

29
.9

(0
.4
2)

30
.4

(0
.4
0)

30
.2

(0
.4
3)

30
.8

(0
.3
6)

0.
40
99

0.
40
04

0.
18
76

0.
37
52

0.
27
85

0.
91
08

0.
80
54

S
al
in
ity

12
.2

(0
.4
6)

12
.0

(0
.3
2)

9.
3
(0
.3
5)

9.
3
(0
.2
6)

5.
5
(0
.2
1)

5.
1
(0
.2
3)

9.
0
(0
.8
7)

8.
8
(0
.8
7)

9.
0
(0
.8
8)

8.
8
(0
.8
8)

0.
00
01

a
S
>
B
>
I

0.
94
10

0.
48
79

0.
94
41

0.
83
90

0.
94
10

0.
91
93

T
ur
bi
di
ty

(F
T
U
)

7.
5
(2
.5
2)

9.
8
(5
.4
6)

16
.0

(5
.2
7)

7.
8
(1
.7
4)

10
.3

(2
.3
9)

7.
1
(2
.0
7)

9.
4
(1
.7
3)

3.
8
(0
.7
5)

13
.1

(3
.9
4)

12
.6

(3
.4
5)

0.
57
87

0.
03
62

M
>
S

0.
29
84

0.
44
52

0.
33
53

0.
38
13

0.
74
17

S
A
V

C
ov
er
ag
e
(%

)
0.
0
(0
.0
0)

0.
0
(0
.0
0)

84
.6

(6
.3
5)

26
.9

(1
1.
67
)

29
.5

(1
3.
05
)

0.
00
01

a
I
>
S
=
B

0.
57
18

0.
72
42

S
te
m

D
en
si
ty

(m
-2
)

47
8
(6
1.
87
)

77
6
(9
9.
54
)

72
1
(9
5.
61
)

59
4
(7
5.
21
)

72
2
(7
9.
81
)

0.
06
51

0.
22
88

0.
72
59

E
ac
h
m
ea
n
w
ith

in
zo
ne
s
an
d
po
nd

si
ze
s
is
es
tim

at
ed

fr
om

ei
gh
t
an
d
12

sa
m
pl
es
,r
es
pe
ct
iv
el
y.
A
N
O
V
A

re
su
lts

(p
va
lu
es
)
al
so

ar
e
gi
ve
n
fo
r
co
m
pa
ri
so
ns

of
m
ea
ns

am
on
g
zo
ne
s
an
d
be
tw
ee
n
po
nd

si
ze
s
an
d
ha
bi
ta
t
ty
pe
s.
R
es
ul
ts
ar
e
gi
ve
n

fo
r
th
e
th
re
e
m
ai
n
ef
fe
ct
s
(z
on
e,
po
nd

si
ze
,
ha
bi
ta
t
ty
pe
),
fo
r
th
e
th
re
e
tw
o-
w
ay

in
te
ra
ct
io
ns

of
th
e
m
ai
n
ef
fe
ct
s
an
d
fo
r
th
e
th
re
e-
w
ay

in
te
ra
ct
io
n
in

th
e
A
N
O
V
A

m
od
el
.T

he
to
ta
l
an
d
re
si
du
al

de
gr
ee
s
of

fr
ee
do
m

in
th
e
m
od
el

w
er
e
47

an
d

36
,r
es
pe
ct
iv
el
y.
D
at
a
fr
om

la
rg
e
po
nd
s
w
er
e
no
ti
nc
lu
de
d
in

th
is
an
al
ys
is
.D

if
fe
re
nc
es

in
m
ea
ns

al
so

ar
e
gi
ve
n
w
he
n
th
e
pr
ob
ab
ili
ty

va
lu
e
w
as

si
gn
if
ic
an
tb

as
ed

on
th
e
G
am

es
–H

ow
el
lp

os
th

oc
te
st
fo
r
th
e
co
m
pa
ri
so
n
am

on
g
zo
ne
s
or

w
he
n

th
e
m
ai
n
ef
fe
ct

of
po
nd

si
ze

or
ha
bi
ta
t
ty
pe

w
as

si
gn
if
ic
an
t
in

th
e
A
N
O
V
A

m
od
el

Z
on
e:

S
sa
lin

e,
B
br
ac
ki
sh
,
I
in
te
rm

ed
ia
te
;
po
nd

si
ze
:
S
sm

al
l,
M

m
ed
iu
m
;
ha
bi
ta
t:
M

m
ar
sh
,
P
po
nd
;
D
IF
F
di
ff
er
en
ce
s
in

m
ea
ns
,
P
si
ze

po
nd

si
ze
,
H
ty
pe

ha
bi
ta
t
ty
pe

a
T
he

pr
ob
ab
ili
ty

va
lu
e
w
as

si
gn
if
ic
an
t
af
te
r
th
e
al
ph
a
w
as

ad
ju
st
ed

as
de
sc
ri
be
d
by

R
ic
e
(1
98
9)

Estuaries and Coasts (2010) 33:652–667 663



vegetation over SAV available in intermediate ponds.
Densities of these species along with purple marsh crab,
squareback marsh crab, and gulf killifish were consistently
higher in emergent vegetation than within ponds. Other
species (e.g., daggerblade grass shrimp, rainwater killifish,
sheepshead minnow, and sailfin molly) could be classified
as facultative marsh taxa. In saline and brackish zones
where SAV was absent, densities of these species were
higher in emergent marsh than in ponds; but in intermediate
ponds, densities were higher in SAV than in adjacent marsh
vegetation. Zimmerman et al. (1990) noted a similar shift
by penaeid shrimps and blue crab in habitat use from marsh
to open water where SAVoccurred in upper Galveston Bay.

Submerged aquatic vegetation can be an important
habitat for nekton within the estuary (Weaver and Holloway
1974; Castellanos and Rozas 2001; Akin et al. 2003;
Kanouse et al. 2006; Rozas and Minello 2006; Hitch 2009).
Clearly, the distribution of SAV was important in structur-
ing nekton density patterns within the intermediate zone at
the time of our study, but in some years, this habitat type
could also influence nekton density patterns down estuary.
Although SAV coverage within marsh ponds in Louisiana
is generally inversely related to salinity (Chabreck 1971)
and the occurrence of SAV is temporally quite variable, it
often occurs within brackish ponds (Chabreck 1971;
Merino et al. 2005; Kanouse et al. 2006; Hitch 2009). At

least one species (R. maritima L.) of SAV also occasionally
occurs in ponds of the saline zone (Adair et al. 1994;
Merino et al. 2009; LPR personal observation). When SAV
occurs in the brackish or saline zones, its presence would
certainly affect the distribution of animals there, and the
resulting density patterns would likely be very different
from those observed in our study. We could see density
patterns within these areas much like we observed for the
intermediate zone in our study, where animals shifted from
emergent vegetation in marsh to SAV within ponds.
Moreover, the habitat value of SAV in ponds may increase
in brackish and saline zones with the loss of emergent
wetlands (Hitch 2009).

In contrast to most other studies on nekton distribution in
salt marshes (Minello et al. 2003), we did not detect a
significant difference during spring in brown shrimp
abundance between marsh and pond habitat types. Densi-
ties of brown shrimp were relatively low in both marsh and
pond habitat types, likely in response to the relatively low
salinities within all three zones (saline <7, brackish and
intermediate <5) when samples were collected. Although
these zones reflect the integrated response of plants to past
salinity patterns, salinity within a zone may vary consider-
ably over relatively short time periods. In response to
freshwater inflow events, salinity can decrease to relatively
low values even in the saline zone, and brown shrimp and
other nekton are responding at least in part to these more
immediate salinity values. These relatively low brown
shrimp densities are similar to those documented in other
studies of similar habitat types and salinities in Louisiana
(Rozas and Reed 1993; Rozas and Minello 1999).

The size of brown shrimp differed across zones, and size
generally increased with distance up the estuary. The size of
white shrimp and blue crab varied between habitat types,
and both were larger in marsh than in ponds. Perhaps new
recruits settle first in ponds and later move into emergent
vegetation as small juveniles. A similar pattern of larger
crustaceans in marsh than in ponds has been reported at
other locations in Louisiana (Castellanos and Rozas 2001;
Rozas et al. 2005; Rozas and Minello 2006) as well as in
South Texas (Rozas and Minello 1998).

In summary, the shallow tidal ponds and adjacent marsh
in our study area contained high nekton densities. Pond
assemblages appeared to be structured by the responses of
individual species to the salinity gradient within the estuary
and to habitat attributes (e.g., vegetation structure, pond
connectivity) within ponds. Ponds in the brackish and
saline zones seem to be important nursery areas for fishery
species such as blue crab, white shrimp, and brown shrimp,
whereas ponds in the intermediate zone may be important
for gulf menhaden (Zimmerman et al. 1990; Akin et al.
2003). Density patterns also were related to pond size.
Large and medium ponds supported higher densities of
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most species, perhaps because of better tidal connectivity
and water quality than in small ponds. The effects of both
pond connectivity and elevation on nekton density patterns
warrant a more detailed evaluation. An examination of how
these factors affect pond hydrology, flooding patterns of
adjacent marsh, and nekton recruitment and settlement
patterns would be especially useful. Estuaries are dynamic
systems where organisms are constantly responding to
changing environmental gradients and some key habitat
attributes. The density patterns we observed in our study
were based on the estuarine conditions at the time. These
conditions will change, but the response of organisms to
those changes should be reflected in the density pattern–
environmental relationships we describe in this paper.
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