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The Value of Salt Marsh Edge vs
Interior as a Habitat for Fish and

Decapod Crustaceans in a
Louisiana Tidal Marsh

G. W. PETERSON

R. E. TURNER

Coastal Fcology Institute

Center for Coastal Energy and Environmental Research
Louisiana State University

Baton Rouge, Louisiana 70803

ABSTRACT: Flume nets of various lengths and a 3-m seine were used to sample the fishes and macrocrustaceans using
a flooded Louisiana salt marsh and the adjacent tidal creek. The experiment allowed for species-specific comparisons
of the flooded marsh at the creek edge versus the interior. Of the 37,667 organisms collected in flume nets from January
through November 1989, 89% were decapods (nine species) and 11% were fish (29 species). An additional 18,539
organisms (75% decapods and 25% fish) were collected from concurrent seine samples taken from July through Novem-
ber. Comparison of catches among different flume lengths and low tide versus high tide seine collections revealed distinct
patterns of marsh habitat utilization. Densitics of most organisms were highest within 3 m of the water’s edge, but
significant numbers of marsh-resident fish species used the interior marshes. The edge marshes appeared to be used by
both transient and resident species; however, the interior marshes were used primarily by marsh-resident species (Cy-
prinodontiformes and Palaemonetes sp.) that are excellent food sources for adult transient-species. Four zonations of

marsh use are described for transients, residents, and rare species.

Introduction

Shallow-water, salt-marsh habitats arec known to
be important nursery areas for estuarine fish and
crustaceans (Herke 1971; Weinstein 1979; Bovze-
man and Dean 1980; Turner 1992). The tradition-
ally accepted role of emergent marsh vegetation
supporting estuarine fisheries productivity via de-
trital-based food chains (Darnell 1958, 1961, 1967,
Odum and Heald 1975) has been questioned (Nix-
on 1980; Boesch and Turner 1984), and more

recent attention has focused on the direct use of

intertidal marshes by fishes and invertebrates for
feceding, reproduction, and refuge from predators.
Recently developed methods for sampling in emer-
gent vegetation, including pit traps (Kncib and
Stiven 1978), drop samplers (Zimmerman ct al.
1984), flume nets (Mclvor and Odum 1986),
block-nets (IHettler 1989), flume-weirs (Kneib
1991), and lift nets (Rozas 1992a) have shown that
juvenile and small adult fishes and invertebrates
use flooded marsh habitats.

Results from the new gear types are not neces-
sarily comparable. Pit traps are effective for catch-
ing killifishes (Cyprinodontidae) and other marsh-
resident species that usc flooded marshes and
rcturn to marsh ponds and ditches at low tide
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(Kneib and Stiven 1978; Kneib 1984; Talbot and
Ablc 1984). Pit traps are probably not effective at
catching transient species that move from tidal
creeks and bays up onto the marsh at high tide
and return to open-water arcas on cbbing tides.
Studies in Texas that utilized paired drop samplers
on flooded salt marshes reported higher densities
of grass shrimp, blue crabs, and brown shrimp in
vegetated marsh habitats when compared to adja-
cent nonvegetated habitats (Zimmerman et al.
1984; Zimmerman and Mincllo 1984). Drop sam-
plers arc very quantitative but sample a relatively
small area (0.5-2.8 m?), and, because they are usu-
ally dropped from a boat, they are only effective
for sampling the edge of marshes. Mclvor and
Odum (1986) developed flume nets to passively
sample fish from intertidal freshwater marshes in
Virginia. They reported extensive use of flooded
marshes by resident, freshwater species, as well as
by some estuarine, transient fishes and crustaceans.
Hettler (1989) collected fish coming oft a flooded
salt marsh in North Carolina with a modificd
block-net and reported extensive use of these
marshes by both resident and transient fishes and
crustaccans. Both flume nets and block nets utilize
tidal action to passively (and nondestructively)

0160-8347/94/01B0235-28$01.50/0
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sample large areas of vegetated marsh, and have
proven effective in marshes that flood regularly.
Thesc two approaches cannot determine which
fish utilize only the edge marshes and which (if
any) penctrate into the interior marshes because
the cntire catch is consolidated into one net at the
creckbank.

Two new gear types were described after this
study was initiated that quantitatively and nonde-
structively sample fish on the flooded marsh sur-
face. These two passive methods enclose the marsh
al high tide and concentrate the sample into pit
traps located at the lowest clevation inside the en-
closure as the marsh drains. The flume-weir (Kneib
1991), enclosing 100 m? of marsh, uses screen pan-
els inserted into frames from a boardwalk. The lift
net gear (Rozas 1992a) is buried in the marsh and
is remotely lifted to enclose 6 m? of marsh. Thesc
gear are without permancnt walls to block access
to the marsh and can discrctely sample the cdge
and interior marshes. They are, thercfore, proba-
bly more effcctive than flumes and block nets for
sampling fishes using interior marshes.

Data were collected using flumes and seines to
address threc objectives: to quantify the temporal
and spatial use of the flooded marsh surface by
fishes and crustaceans in a natural [Louisiana salinc
marsh; to compare the relative importance of the
marsh habitat at the creck edge versus the interior
marshes; and to identify species-specific diffcrences
in marsh habitat use. We were particularly inter-
ested in comparing spatial marsh use by resident
and estuarine-dependent species. Qur basic hy-
pothesis was that there are species-specific differ-
ences in marsh use, that is, not all species will use
the marsh edge exclusively and not all species dis-
tribute themselves homogencously over the marsh
during flooding (Hypothesis #1). We further hy-
pothesized that the edge marshes are more impor-
tant to fishes and crustaceans (particularly tran-
sient, estuarine-decpendent species) than are the
interior marshes (Hypothesis #2), and the interior
marshes are utilized primarily by marsh-resident
species (Hypothesis #3).

Materials and Methods

STUDY AREA, SAMPLE GEAR, AND
SITF. SELECTION

The study area was in a saline marsh approxi-
mately 2 km NNW of the lLouisiana Universities
Marine Consortium (LUMCON) Marine Center in
Cocodrie, Louisiana (Fig. 1). The streamside edge
and interior marsh vegetation is dominated by
Spartina alterniflora and along the natural levee is a
mixed S. alterniflora, Spartina patens and Distichlis
spicata community. The experiment used flume

nets of different lengths tos«allow comparisons be-
tween edge and interior marshes. Samples were
also collected by seining at high and low tides
along the creck edge adjacent to the flumes to al-
low comparisons of the spccies composition at the
creek edge with that of the adjacent flooded
marsh. Flume nets were constructed in a relatively
uniforin marsh adjacent to a nearly straight stretch
of creek bank (approximately 175 m long) with a
gradual sloping shoreline profilc. This site was cho-
sen to increase the chances that all flumes would
sample similar habitats (shoreline conditions, veg-
etation stem density and biomass). Results from
flume net studies in Virginia tidal freshwater
marshes report that stream-order, shoreline pro-
files (erosional vs depositional), and drainage fea-
tures (rivulets vs creekbanks) have significant ef-
fects on thc densities of nekton utilizing the
adjacent marshes (Rozas and Odum 1987; Mclvor
and Odum 1988; Rozas ¢t al. 1988). Rozas ct al.
(1988) reported densities of fish to be three times
greater in rivulet flumes than in creekbank flumes,
but because of the relatively low density of rivulets,
they estimated that 88% of fishes reached the
marsh surface via creckbanks; therefore, all flumes
used in this study were constructed on creekbanks
without rivulets. Because marshes adjacent to grad-
ually sloping shorelines (depositional) are utilized
more by fish than thosc adjaccent to steep erosional
shorelines (MclIvor and Odum 1988), a site was sc-
lected along a straight stretch of creekbank to as-
surc that all flumes had similar shoreline profiles.

FLUME NET SAMPLING

Flume nets, modified from the design by Mclvor
and Odum (1986), were used to quantitatively and
nondestructively sample the fishes and macrocrus-
taceans using the flooded marsh surface. The
flume nets consisted of parallel walls of 3-mm-mesh
plastic aquaculture netting oriented perpendicular
to the creek axis. The net walls were attached to 3
cm X 5 ¢m wooden posts spaced 2 m apart and
the bottom 10-15 ¢cm was buried in the marsh sed-
iment, resulting in walls approximately 0.75 m
high. These flume walls remained in the marsh
throughout the study. The ends of the flumes re-
mained open except when they were being
“fished.”” At this time a cod-end net constructed
from 3-mm-mesh nylon netting attached to a rect-
angular PVC-pipe frame (2 m X 0.915 m) was at-
tached to cach end of the flume using a sliding
PVC track similar to that described by Mclvor and
Odum (1986). An A-frame was added (after 2 mo
of sampling) at each end of the flumes to suspend
the cod-end net over the opening and to allow re-
mote setting of the ncts, thus minimizing organism
disturbance. The nets were suspended in the slid-
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Fig. 1. Location of the study area and water-level gauges, and a diagram of the experimental design showing the randomized
placement of five flume length treatments within three blocks (A, B, ).

ing tracks by bridles and autached to the A-frames
with release pins that were tripped remotely with
a 4.5-m long cord.

The flume ncts used in this study differed from
those described by Mclvor and Odum (1986). The
mesh size was smaller (3 mm vs 6 mim), the flumes
wider (2 m vs 1.5 m), the length varied (0 m, 3 m,

10 m, 20 m, and 40 m vs 20 m), and both c¢nds
remained open during the flood tide (as opposed
to being open only at the creck bank). The exper-
iment was a randomized block design with three
blocks of five treatments, consisting of flumes ex-
tending 0 m (no flume), 3 m, 10 m, 20 m, and 40
m into the marsh (Fig. 1). Flumes were spaced ap-
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proximately 10 m apart within treatment blocks,
with approximately 20 m between blocks.

Each flume had a boardwalk 10 minimize dam-
age to the marsh during construction and monthly
inspection. Walkway planks were used only during
the construction, on monthly inspections, and
while setting and retrieving of nets to eliminate the
possible cffects of shading.

The flumes were ‘‘fished” by letting both ends
of the flume remain open during flood tides, clos-
ing both ends at or near slack high tides, and then
picking up the cod-end nets after the marsh
drained (at or near low tide). Because the ‘‘natural
levee” of the creek (approximately 3 m in from
the edge) had a slightly higher elevation than the
interior marshes, it was necessary to use cod-end
nets on both cnds of the long flumes (10 m, 20 m,
and 40 m). The 3-m flumes had a cod-end net on
the creek end and a flat block-net on the marsh
end. The no-flume (0 m) treatment consisted of a
cod-end net attached to cnd posts placed at the
edge of the creck (with no flume walls attached).

The underlying assumptions for making com-
parisons between flume lengths were that access to
all flumes (3 m, 10 m, 20 m, and 40 m) was equal
for organisms entering the marsh from the creek
bank (or from the interior marsh), and that these
flumes neither attract nor deter aquatic organisms
to use the marsh. Becausc both ends remain open
until the nets are set at high tide, an organism en-
tering the marsh from the creek could move in-
land unrestrained and would only be captured if it
remained within that particular flume (i.e., a fish
entering a 3-m flume will not be captured if it
moves inland 10 m). Therefore, if an organism en-
tered the marsh over the creek bank and used the
cdge and interior marshes homogeneously, catch-
es will be proporuon'll to length. Conversely, catch-
cs will be equal in all flume lengths if only the edge
marshes (<3 m from the creek) are used.

Catches are reported as numbers and biomass
per 2 m of marsh edge (as did McIvor and Odum
1986) not per unit area of marsh. This was done
because the flume walls restrict the lateral move-
ment of fish over the marsh surface. Because all
flumes had the same width (regardless of length),
comparisons among treatments were made with ac-
tual numbers (log-transformed) captured.

Sampling was conducted approximately monthly
during the tidal cycle with the highest predicted
tidal height and range. The sampling dates were
sclected based on tides predicted by the United
States Department of Commerce, National Occan
Survey from the gauge at the LUMCON Marine
Center. Samples were collected monthly from all
15 flumes beginning in January 1989; in March
1989, net deployment was modified to allow re-

mote sctting of the nets. Data from January
through November 1989 are presented here.

SEINE SAMPLING

Some fish captured in flume nects may not have
been on the marsh surface because the design of
the flume nets (straight net framc along an irreg-
ularly shaped marsh edge) results in a small
amount of creek-cdge habitat being sampled. Spe-
cics that are infrequently caught in flumes may be
a result of this phenomenon. This design flaw be-
came evident after a few months of sampling. We
thercfore supplemented the flume sampling with
high-tidc and low-tide seine sampling along the
creek-cdge habitat beginning in July 1989.

Our working assumptions about the results from
the scining were that fish using the marsh surface
at high tide will be scarce in high-tide samples and
much more abundant in Jow-tide samples when
they are forced out of the marsh, that species using
only the creck-edge habitat will be equallv abun-
dant at high and low tides, and that species pre-
ferrmg decper, more open-water habitats will be
rare in low-tide scine samples but more abundant
in high-tide samples when the water at the cdge is
deeper.

Scine samples were collected adjacent to the
flumes at high and low tide every time the flume
ncts were fished to allow comparisons of the spe-
cies composition and abundance at different tide
stages and between these two gear types. Two seine
stations were permancntly cstablished along the
creck edge adjacent to the flumes, one north and
one south of the flumes on the same side of the
creek. One scine sample was collected at each sta-
tion at high tide, immediately after setting the
flume nets, and again at low tide, immediately be-
fore retrieving the flume net samples. Seine sam-
ples were collected with a 3 m X 2 m straight scine
with 3.2-mm nylon ace mesh pulled along the
creek edge by two persons, one walking on the
marsh cdge and onc in the creek approximately 2
m from shore. Each sample covered 30 m of creek
cdge and was collected in three short drags (ap-
proximately 10 m cach) that were pooled together.

All animals collected in flume or scine samples
were preserved in the field in 10% formalin and
transported to the laboratory where they were sort-
cd, identified, counted, measured, and weighed.

PHysICAL DATA COLLECTION
Endeco® Type 1152 Density Compensating Wa-
ter-Level Recorders were installed 1 m into the
creek, | m into the marsh, and 35 m into the
marsh alone one boardwalk near the center of the
flume site (Fig. 1). An identical gauge was installed
approximately 2 km away in the creek near the



LUMCON Marine Center. These gauges provided
a continuous record of the frequency, amplitude,
and duration of flooding events, as well as water
salinity and temperaturc. A water-salinity sample
was taken from the creek at the flume site at high
tide (when the flume nets were set) and again at
low tide (when the nets were retrieved). Salinity
was measured in the laboratory with a Haake-Buch-
ler Digital Chloridometer.

DATA ANALYSIS

Analysis of the data was on the Louisiana State
University (I.SU) mainframe computer using the
Statistical Analysis Systcm package (SAS Institute
Inc. 19854, b, c). All analysis of variance (ANOVA)
and regression modcls were run with the general
linear modecls (GLLM) procedure. All catch data was
log-transformed prior to analysis. Comparisons of
catches were made between flume length treat-
ments (FLENGTH) with a factorial ANOVA model
to test the hypothesis that the cdge marshes are
more important to transient fishes and decapod
crustaccans than are interior marshes. Compari-
sons were also made between catches from front
(creek bank) nets and back (interior marsh) nets
from those flumes that had both front and back
nets (10-m, 20-m, and 40-m flumes only). Because
the flume net experiment was set up in 4 random-
ized block design, all ANOVA models included
REP as a blocking factor to remove any block ef-
fects (and as a test of the sampling error). An
ANOVA was also used to test for differences be-
tween high-tide and low-tide catches from seine
samples. Becausc seasonal differences in specics
abundance were expected, DATE was included as
a main cffcct in all models as was its interaction
with other main effects. These ANOVA models
were run on various subscts of the data including
log-transformed numbers of decapods only, fish
only, “transicnt’”” fish only, “‘resident’ fish only,
and individual species. Because of the potential
problem of finding a significant result by chance
alone when running multiple ANOVAs, a Bonfer-
roni-adjusted alpha level was used to assure a 95%
confidence level for the individual species ANO-
VAs (p < 0.0025 for flume data; p < 0.0036 for
seine data). ANOVA tables are not presented here;
instcad, F-values and probability levels are given
when appropriatc

Resident species are generally defined as those
that spcnd their entire lifc cycle in the estuary;
transient species are those that spend only some
life stages (e.g., juvenile) in the estuary. In this re-
port, fish species were classified as cither ‘‘resi-
dent’” or “transient” based on an ccological clas-
sification in Thompson and Forman (1987), who
classified fish from the Barataria Bay basin into
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four groups. The resident classification included
any species listed in their “estuarine” and ‘‘fresh-
water’’ classifications; the transient classification in-
cluded those fish species classified as ‘‘estuarine-
marine’’ or “‘marine”’ in Thompson and Forman

(1987).

Results
PHYSICAL DATA

The data presented here are from the LUMCON
Marine Center gauge that had the most complete
data sct. There were data collection problems with
the three gauges (located in the creek, at the
marsh edge, and in the interior marshes) at the
flume sitc. Several months of water-level data from
these gauges were usable and were compared with
data from the gauge in the bayou at LUMCON.
Water levels at the two sites were highly coherent
at diurnal tidal frequencies (R* > 0.95). A ncarly
complete continuous rccord (15-min intervals) of
water levels from January through December 1989
is presented in Fig. 2. This figure illustrates the
frequency, depth, and duration of flooding events,
and the times when flume net samples were taken.
The horizontal line on Fig. 2 (at 0-cin water level)
approximates the average interior marsh elevation
(the level at which the 35-m inland gauge was set).
The maximum water depth on the marsh at high
tide (typically diurnal) ranged from less than zero
(not flooded) to approximately 54 cm during the
period of study (January through November 1989).
The maximum water depths during the tidal cycles
when flume net samples were collected ranged
from 6.9 cm in February to 34.5 cm in November
1989.

Figure 3A illustrates the mecan marsh-clevation
profiles for each flume (each line is a mean of two
profiles within each flume). Although individual
flume profiles are not readily distinguishable from
this figure (all five flumes within cach block have
the same line pattern), the variation in flume cle-
vations along the transccts is generally <10 cm. A
well-defined natural levee, approximately 10-15
cm higher than the interior marsh clevation, is c¢v-
ident with its peak located about 3 m from the
creek edge. Since the ‘“‘zero elevation™ reference
line in Fig. 3A corrcsponds to the “‘zero water lev-

el” reference line in Fig. 2, it is obvious that a high
tide flooding depth <10-15 ¢m would not flood
the natural levee. However, even at these lower wa-
ter levels, the interior marsh does flood “‘from the
back” through small drainage fcatures such as riv-
ulets and muskrat trails.

Salinity and temperature data from the [LUM-
CON gauge were also rccorded for January
through December 1989. Salinity during that time
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Fig. 2. Water-level data for 1989 at the LUMCON gauge.
The horizontal line represents the approximate marsh surface
elevation at the flume site. The vertical lines indicate the times
when the flume net samples were collected.

ranged from 0.8%o in July to 20.6%c in October.
Actual salinities at the site during flume net col-
lections varied from 2.0%¢ in April to 18.1%o0 in
October. Temperatures at the LUMCON gauge
ranged from 34.4°C in August to 0°C in December.

FLUME NET DATA
Species Composition

A total of 37,667 organisms (fish and decapod
crustaceans) with a total preserved wet weight of
29.1 kg were collected in the flume nets from Jan-
uary through November 1989 (Table 1). The total
catch included 29 species of fish (4,124 individuals,
6.9 kg preserved wet weight) representing 14 fam-
ilies and at least 9 species of decapod crustaceans
(33,543 individuals, 22.3 kg preserved wet weight).
Other taxa of invertebrates, including Amphipoda,
Isopoda, Mysidacca, Gastropoda, Bivalvia, Poly-
chacta, Arachnida, Insecta, and llirudinea, and
even Gulf salt-marsh snakes (Nerodia clarkii), were
captured in the flume nets but were not included
in the summaries and analysis of catch data. The
species composition in flume net catches varied
with season (Table 2). In general, marsh-resident
species were more abundant and always present.
Transient spccies were only seasonally present.

The total catch was dominated by decapod crus-
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Fig. 3. FElevation levels at the flume net sites. A. Average
marsh elevation profiles (two replicate profiles) for each of 15
individual flumes, identificd by flume block (A, B, or C). B.
Mean marsh and adjacent creek elevation profiles of five flumes
within each flume block (each tlume has two replicates).

taccans that made up 89.0% of the total number
and 76.4% of the total biomass (Table 1 and Fig.
4). Grass shrimp (Palaemonetes sp.) were the most
abundant organisms caught in the flumes, com-
prising 74.9% by number (25.4% biomass) of the
total catch; blue crabs (Callinectes sapidus) were the
next most abundant at 9.9% by number (42.9%
biomass). Fish species made up only 11.0% of the
total catch by number but 23.6% of the total bio-
mass. Naked goby (Gobiosoma bosc) was the most
abundant fish caught (4.4% of total) but was fifth
in biomass (1.6% of total). The Gulf killifish (Fun-
dulus grandis) was the second most abundant fish
species (1.8% of total) but had the highest biomass
(7.5% of total). A single spccimen of southern
flounder (Paralichthys lethostigma) represented
more biomass (1.7% of total) than all 1,649 naked
gobiecs. Because of the problem of single large
specimens dominating biomass, all comparisons
and analysis arc done on counts rather than bio-
mass.

Comparison of Flume Catches From
Front and Back Nets

Among those flumes that had both front and
back nets (10-m, 20-m, and 40-m flumes only), sig-
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TABLE 1. List of fishes and decapod crustaceans collected from flume nets from January through November 1989, The total number,
total biomass (preserved wet weight), and percentage of total catch by number and biomass are given for each species. Fish and
decapod species are listed separately in order of decreasing numerical abundance.

Total Number

Total Biomass

Species Number Percent Weight (g) Percent
Fishes
Gobiosoma bosc 1,649 44 180.6 1.6
Fundulus grandis 663 1.8 2,182.6 7.5
Adinia xenica 450 1.2 178.4 0.6
Fundulus pulvereus 336 0.9 165.0 0.6
Gobionellus boleosoma 171 0.5 56.4 0.2
Poecilia latipinna 169 0.4 116.6 0.4
Lucania parva 132 0.4 34.6 0.1
Cyprinodon variegatus 116 0.3 119.6 0.4
Fundulus jenkinsi 102 0.3 63.3 0.2
Menidia beryllina 67 0.2 42.0 0.1
Cynoscion nebulosus 64 0.2 485.1 1.7
Mugil cephalus 47 0.1 1,742.2 6.0
Anchoa mitchilli 39 0.1 10.9 <0.1
Myrophis punctatus 27 0.1 2145.3 0.8
Baivdiella chrysoura 20 0.1 58.3 0.2
Archosargus probatocephalus I8 <0.1 178.9 0.6
Gambusia affinis 9 <0.1 0.6 <0.1
Citharichthys spilopterus 9 <0.1 39.8 0.1
Achirus lineatus 9 <0.1 3.2 <(.1
Micrvopogonias undulatus 6 <0.1 3.1 <().]
Lagodon vhomboides 5 <0.1 759 0.3
Gobionellus shufeldti 4 <0.1 2.2 <0.1
Symphurus plagiusa <0.1 1.6 <0.1
Sciaenops ocellatus 3 <0.1 32.0 0.1
Cynoscion arenarius 1 <{).1 0.8 <{.1
Syngnathus floridae 1 <(.1 0.7 <(.1
Syngnathus scovelli 1 <0.1 0.6 <0.1
Paralichthys lethostigma 1 <0.1 504.1 1.7
Opsanus beta 1 <0.1 17.3 0.2
Decapod crustaceans
Palaemonctes sp. 28.221 74.9 7,390.0 25.4
Callinectes saprdus 3,714 9.9 12,505.4 12.9
Uea sp. 804 2.1 1,737.2 6.0
Penaeus setiferus 307 0.8 141.3 0.5
Penaeus aztecus 252 0.7 353.5 1.2
Xanthidae 207 0.5 45.9 0.2
Sesarma sp. 35 0.1 90.2 0.3
Macrobrachium sp. 2 <0.1 0.2 <0.1
Paguridea 1 <0.1 2.8 <0.1
Total fish 4,124 11.0 6,876.2 23.6
Total decapods 33,543 89.0 22.266.5 76.4
Total fish and decapods 37,667 100.0 29,142.7 100.0

nificantly higher numbers of decapods (F =
1708.74, p < 0.0001) were caught in the front nets
(94.3%) than in the back nets. Some grass shrimp
and blue crabs were caught in back ncts, but most
(98.9% and 90.9% respcctively) were caught in the
front nets (Table 3). Almost all (99.9%) of the fid-
dler crabs (Uca sp.) and 39.3% of the wharf crabs
(Sesarma sp.) were caught in the back nets. Penaeid
shrimp and Xanthid crabs were caught cxclusively
in the front nets.

Significantly higher numbers of fish (F = 183.87,
p < 0.0001) were caught in the front nets (68.6%)
than in the back nets (Table 4). The 10 most abun-

dant fish species (naked goby, Gobiosoma bosc, gulf
killifish, Fundulus grandis; diamond killifish, Adinia
xenica; bayou Killifish, F. pulvereus; sailfin molly, Poe-
cilia latipinna; rainwater killifish, Lucania parva
sheephead minnow, Cyprinodon variegatus, darter
goby, Gobionellus boleosoma; saltmarsh topminnow,
F. jenkinsi; and tidewater silverside, Menidia berylli-
na) accounted for 94.4% of the total fish catch
from the 10-m, 20-m, and 40-m flumes (lable 4).
These 10 species were classified as resident species
and represent four familics (Cyprinodontidae, Go-
biidac, Poecilidae, and Atherinidac). Resident fish
species were caught in significantly higher num-
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Palaesmonetes
C. sapidus

P. setiferus

P. aztecus

A. mitchilli

F. grandis

M. beryllina
G. bosc

EROEOSOONS

other fishes

SPECIES COMPOSITION BY NUMBERS

Palaemonetes
C. sapidus

P. sefiferus

P. aztecus

A. mitchilli

F. grandis

M. berylliina

C. nebulosus

M. cephalus
G. bosc

P. lethostigma
other fishes

EEEONOEROS0ODS

SPECIES COMPOSITION BY WEIGHT

Fig. 4. Pie charts illustrating the proportion of total flume net catch represented by the most abundant fish and decapod specices.
A. Species composition by numbers. B. Species composition by wet weight.

bers (F = 162.90, p < 0.0001) in front ncts than
in back nets. The transient fish species were much
less abundant in flume catches. These species

made up 6% of the total fish number and 49% of

the total fish biomass, and were caught exclusively
in the front ncts.

Only eight specics of fish were caught in back
nets and all belonged to the order Cyprinodonti-

formes (families Cyprinodontidae and Poecilidae),
except {or one Menidia beryllina (Table 4). Five of
these cight species (Fundulus pulvereus, Gambusia
affinis, Poecilia latipinna, Adinia xenica, and Cyprin-
odon variegatus) were more abundant in the back
nets than in the front nets. Two other Cyprino-
donud species (Lucania parva and Fundulus gran-
dis) were commonly caught in back nets but were
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TABLE 3. Number and percent of cach decapod species caught in front and back nets, and total number caught in flume net
collections from January through November 1989 from only those flumes (10, 20, and 40 m) with front and back nets. Species are

listed in order of decrcasing numerical abundance.

Front Nets Back Nets Total
Taxa Nunber Percent Number Percentt Number Percent” -
Palaemonetes sp. 17,665 98.9 196 1.1 17,861 83.4
Callinectes sapidus 2,102 90.9 211 9.1 2,313 10.8
Uca sp. 1 0.1 802 99.9 803 3.8
Penaeus setiferus 143 100.0 0 0.0 143 0.7
Penaeus aztecus 133 100.0 0 0.0 133 0.6
Xanthidae (fam.) 126 100.0 0 0.0 126 0.6
Sesarma sp. 17 60.7 11 39.3 28 0.1
Macrobrachwum ohione 1 100.0 0 0.0 1 0.0
Paguridea (fam.) 1 100.0 0 0.0 1 0.0
Total decapods 20,189 94.3 1,220 5.7 21,409 100.0

* Percentage of that species caught in front or back nets.

" Percentage of total decapods (caught in 10-m, 20-m, and 40-m flumes only) represented by that species.

more abundant in front nects. The salunarsh top-
minnow (Fundulus jenkinsi) was the only Cyprino-
dontid species that was never caught in a back nct.
All other fish species, including a few estuarine res-
idents (primarily Gobiids) and all transient fish
specics, were caught exclusively in the front nets
(Table 4).

Block Effect

The experiment was set up in a randomized-
block design with three adjacent blocks (REP) of
flume-length treatments (FLENGTH). Microhabi-
tat differences among the three trcaunent blocks
may have led to the occasional diffecrences among
adjacent blocks. In gencral, REP A (the northern-
most block) produced higher total catches of fish
and decapods than REPs G and B. On a spccics
level, this same trend was apparent for Gobiosoma
bosc and Palaemonetes sp., the most abundant fish
and decapod species. These differences may have
been due to slight differences in elevation profiles
in the marsh; however, these elevation differences
averaged less than 5 cm (Fig. 3B) and are highly
variable, with no clear trends by block. The adja-
cent creek (0-5 m from the edge) had a slightly
steeper bottom profile and a small oyster recf in
front of flumes 3 and 4 (REP A). This reef could
have had some unknown effect on organisms using
the adjacent marsh. In contrast, three species that
were commonly caught in back nets (Cyprinodon
variegatus, Adinta xenica, and Lucania parva) were
significantly more abundant in REP C than in oth-
cr blocks. The other three species that were com-
monly caught in back nets (Fundulus grandis, F. pul-
vereus, and Poecilia latipinna) were also most
abundant in REP C but not significantly so. The
higher catch of Cyprinodontid species in REP C is
probably an effect of several muskrat trails close to
the back openings of flumes 14 and 15 (REP C).

Thesc muskrat trails provided access and refuge to
marsh-resident species.

Date Effect

The variable DATE was included in all ANOVA
models to remove the expected source of variation
caused by seasonal differences in species abun-
dance. In almost all cases this DATE effect was
found to be highly significant (p < 0.01). These
scasonal diffcrences in specics abundance may re-
sult from the migration of species in and out of
marsh areas, or from changes in behavior with sea-
sonal changes in hydrology (depth of flooding),
temperature, or salinity.

Comparisons of Flume Length Treatments

The total catch of each species by flume length
(wreatment) is listed in Table 5. The total catch of
fish and decapods (front and back nets combined)
variced significantly between treatments. Similar re-
sults were found only for decapods since decapods
dominate the total catch. In both cases, signifi-
cantly higher mean numbers werc caught in the
40-m flumes than in other flume lengths. The next
highest catches were in the 10-m flumes followed
by the no-flume treatment (0 m), the 20-m flume
treatment, and the 3-m flume treatment; however,
these four uweaunents were not significantly differ-
ent from each other. When catches in the long
flumes (10 m, 20 m, and 40 m; pooled) and short
flumes (3 m) were compared, the long flume
catches were significantly higher for total fish and
decapods and for decapods only (Fig. 5). These
results indicate use of the interior marshes by some
fish and decapods.

When the catches of fish only were compared,
the differences between treatments were also sig-
nificant. Catches from the 40-m, 10-m, and 20-m
flumes were greater than catches from the 3-m and
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TABLE 4. Number and percent of each fish species caught in front and back nets, and total number caught in flume net collections
from January through November 1989 from only those flumes (10, 20, and 40 m) with front and back nets. Species are listed in order

of decreasing numerical abundance.

Front Nets Back Nets Total
Feologicalt

Fish Species Classification Number Percent® Number Pereent® Number Percent
Gobiosoma bosc R 968 100.0 0 0.0 968 33.3
Fundulus grandis R 455 90.8 46 9.2 501 17.2
Adinia xenica R 74 20.2 293 79.8 367 12.6
Fundulus pulvereus R 15 4.8 298 95.2 313 10.8
Poecilia latipinna R 21 12.5 147 87.5 168 5.8
Lucania parva R 68 61.3 13 38.7 111 3.8
Cyprinodon variegatus R 30 28.0 77 72.0 107 3.7
CGobionellus boleosoma R 90 100.0 0 0.0 90 3.1
Fundulus jenkinsi R 66 100.0 0 0.0 66 2.3
Menidia beryllina R 52 98.1 1 1.9 53 1.8
Cynoscion nebulosus T 43 100.0 0 0.0 43 1.5
Mugil cephalus T 41 100.0 0 0.0 41 1.4
Myrophis punctatus T 17 100.0 0 0.0 17 0.6
Archosargus probatocephalus T 12 100.0 0 0.0 12 0.4
Anchoa mitchilli T 9 100.0 0 0.0 9 0.3
Gambusia affinis R 1 11.1 8 88.9 9 0.3
Buairdiella chrysoura T 8 100.0 0 0.0 8 0.3
Achirus lineatus T ] 100.0 0 0.0 5 0.2
Micropogonias undulatus T 3 100.0 0 0.0 3 0.1
Lagodon rhomboides R 3 100.0 0 0.0 3 0.1
Gobionellus shufeldti R 3 100.0 0 0.0 3 0.1
Citharichthys spilopterus T 3 100.0 0 0.0 3 0.1
Symphurus plagiusa T 3 100.0 0 0.0 3 0.1
Cynoscion arenarius T 1 100.0 0 0.0 1 0.0
Sciaenops ocellatus T 1 100.0 0 0.0 1 0.0
Syngnathus flovidae T 1 100.0 0 0.0 1 0.0
Opsanus beta T 1 100.0 0 0.0 1 0.0
Toual resident fish R 1,846 66.9 913 33.1 2,759 94.9
Total transient fish T 148 100.0 0 0.0 148 5.1
Total fish 1,994 68.6 913 31.4 2907 100.0

* Ecological classification: R = resident; T = transient.
" Percentage of that species caught in tront or back nets.

< Percentage of total fish (caught in 10-m, 20-m, and 40-m flumes only) represented by that species.

0-m flumes. The apparent trend of lower fish
catches in the shorter flumes to higher catches in
the longer flumes indicates some use of the inte-
rior marshes by fishes. ANOVA test results for
marsh-resident fish showed significant differences
in catches between trcatments with higher catches
in long flumes when contrasted with short flumes
(Fig. 6). Transient fish showed no ditferences in
catch between treatments or between long and
short flumes (Fig. 7), indicating that transient fish
arc not using the interior marsh habitats.
Effectiveness of No-Flume Treatment. Therc
were no significant differences in decapod catches
between the no-flume treatment and the flumes
(all lengths were pooled) suggesting that the nets
without flumes were just as cffective at catching
these organisms as those with flumes. However,
fish (resident and transient) were caught in signif-
icantly higher numbers in nets with flumes (all
lengths were pooled) than in the no-flume treat-
ment, indicating a possible avoidance of ncts with-

out flumes. These genceralizations did not always
hold when individual species were tested.

Species Differences in Catch by Flume Length.
Because habitat-use patterns vary between species,
it is illustrative to analyze the data at a species level.
This was done for the 20 most abundant species
(13 fish, 7 decapod) caught in the flumes (specics
total catch >30). A Bonferonni-adjusted alpha lev-
¢l (p < 0.0025) was used to reduce the probability
of finding a significant result by chance alone. Be-
cause the Bonferroni adjustment is extremely con-
servative, a few species ANOVAs had significant re-
sults at p < 0.01, which were not significant with
the Bonferroni-adjusted alpha level. These cases
arc reported as such, because there may be some
biological significance that mav be overlooked us-
ing such a conservative approach.

Of the 20 species tested, only four fish species
(C. variegatus, . grandis, F. pulvereus, and P. latipin-
na) and wwo decapod species (Palaemonetes sp. and
Uca sp.) were found to have significantly greater
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TABLE 5. Total number of each species (fish and decapods) caught by flume length treatment (total for three tlumes) from January
through November 1989. Species listed in order of decreasing numerical abundance.

Flume Length Treaunent

Species No Flume 3-m 10-m 20m 40-m Tortal
Palaemanetes sp. 5,608 4,752 5,429 4,852 7,580 28,221
Cuallinectes sapidus 751 650 679 687 947 3,714
Gobivsoma bosc 314 337 314 229 425 1,649
Uca sp. 0 1 240 233 330 804
Fundulus grandis 103 59 160 178 163 6063
Adinia xenica 6 77 143 148 76 450
Fundulus pulverens 5 18 118 133 62 336
Penaeus setiferus 123 41 62 42 39 307
Penaeus aztecus 38 81 42 39 52 252
Xanthidae (fam.) 51 30 48 22 56 207
Gobionellus boleosoma 38 43 36 26 28 171
Poecilia latipinna 0 1 29 96 43 169
Lucania parva 8 13 19 55 37 132
Cyprinadon variegatus 3 6 7 61 39 116
Fundulus jenkinsi 20 16 19 19 28 102
Menidia beryllina 3 11 8 13 32 67
Cynoscion nebulosus 9 12 12 14 17 64
Mugil cephalus 2 4 8 20 13 47
Anchoa mitchilli 1 29 2 3 4 39
Sesarma sp. 0 7 16 4 35
Myrophis punctatus 7 3 5 4 8 27
Bairdiella chrysoura 7 5 0 1 7 20
Archosargus probutocephalus 0 6 4 3 5 18
Gambusia affinis 0 0 2 2 5 9
Citharichthys spilopterus 0 6 1 2 0 9
Achirus lineatus 3 1 2 1 2 9
Micropogonias undulatus 1 2 2 0 1 6
Lagodon rhomboides 0 2 0 0 3 5
Gobionellus shufeldti 0 1 0 3 0 4
Symphurus plagiusa t 4] 1 2 0 4
Sciaenops ocellatus 2 0 0 1 0 3
Macrobrachium ohione 1 0 0 1 0 2
Cynoscion arenarius 0 0 1 0 0 1
Syngnathus floridae 0 0 0 0 1 1
Syngnathus scovelli 1 0 0 0 0 1
Paralichthys lethostigma 0 1 0 0 0 1
Opsanus beta 0 0 0 1 0 L
Paguridea (fam.} 0 0 0 1 0 1
Total resident fish 551 584 855 963 941 3,874
Total transient fish 33 69 38 52 58 250
Total tish 564 653 893 1,015 999 4,124
Total decapods 6,572 5,562 6.508 5,893 9,008 33,543
Total fish and decapods 7,136 6.215 7,401 6,908 10,007 37,667

catches in the long flumes when contrasted with
the 3-m flumes, indicating a significant use of in-
terior marshes by these species. The four fish spe-
cies are all resident Cyprinodontifonin species. Two
other Cyprinodontid species, L. parva and A. xeni-
ca, were not significantly more abundant in long
flumes when contrasted with short flumes. How-
ever, both specics were commonly caught in the
back nets (Table 4), thereby documenting the fre-
quent usc of interior marshes by these species as
well.

All other abundant fish species (total catch >30)
that were tested with ANOVA were found to have
no significant diffcrences between catches from

long vs short flumes. These included four resident
specics (£ jenkinsi, G. bosc, G. boleosoma, and M.
beryllina) and threc transient specics (C. nebulosus,
M. cephalus, and A. mitchilli). Three of these spe-
cies, A. mitchilli (p = 0.11), M. heryllina (p = 0.23),
and M. cephalus (p = 0.40), had nonsignificant
ANOVA models (REP, DATF, FLENGTH), proba-
bly because of the low numbecrs caught. The rela-
tive abundance of these seven fish species in flume
catches indicates that the marsh surface may be
utilized by these fish at high tide; however, the uni-
formity of catches among flumes of different
lengths and the absence of these species from back
nets (except for onc individual of M. beryllina
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Fig. 5. The log mean numbers of decapods caught by sam-
ple date. A, In short flumes (3 m) vs long flumes (10-m, 20-m,
and 40-m flumes). B. At low and high tide with seines. The
vertical bars represent one standard error of the mean.

caught in a 40-m back net) indicates that these spe-
cies mostly usc the edge marshes (<<3 m) or pos-
sibly only the adjacent creck-cdge habitat.
Palaemonetes sp. and Uca sp. were significantly
morc abundant in long flumes than short flumes
among the decapod species tested; however, the
proportions of cach caught in front nets vs back
ncts (Table 3) suggests completely different pat-
terns of interior marsh usc. Grapsid crabs (Sesarma
sp.) were caught in back nets, but there were no
significant differences in catches between long and
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m, and 40-m flumcs). B. At low and high tide with seines. The
vertical bars represent one standard error of the mean.

MAY 4
SEP 4

short flumes or between front and back nets. Blue
crabs (Callinectes sapidus) were significantly more
abundant in 40-m flumes than in all other flume
lengths; however, catches were not significantly dif-
ferent when long flumes (10 m, 20 m, and 40 m)
were contrasted with 3-m flumes for log-trans-
formed numbers (p = 0.14). Blue crabs were com-
monly caught in back nects (Table 3), especially as
small juveniles, documenting that blue crabs do
utilize interior marshes.

Penaeid shrimp and Xanthid crabs were also
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sample date. A. In short flumes (3 m) vs long flumes (10-m, 20-
m, and 40-m flumes). B. At low and high tide with scines. The
vertical bars represent one standard error of the mean.

abundant in flume nct samples, but the data sug-
gests that their use of the marsh is restricted to the
cdge marshes (<3 m from creek). ANOVA test re-
sults show no differences between long and short
flumes for Xanthid crabs and Penaeus setiferus. Pe-
naeus aztecus was significantly (p = 0.008) more
abundant in 3-m flumes than in long flumes, but
this difference is not significant with the Bonfer-

roni-adjusted alpha level (p = 0.0025). None of

these three species were ever caught in back ncts
(Table 3).

All other fish and decapod specics, most of
which were transient specics, were not caught in
sufficient numbers to test with ANOVA. This in it-
self is an indication that these species are infre-
quently or rarely using the marsh-surface habitat.
The relative abundance of some of thesc species
in seine samples suggests that they are present in
the area but not using the marsh surface. One ex-
ception may be Gambusia affinis, a mostly freshwa-
ter marsh resident that was caught infrequently but
almost exclusively in back nets, suggesting it may
usc interior marshes in areas where it is more
abundant.

SEINE DATA
Species Composition

A total of 18,539 organisms (fish and decapod
crustaceans) with a total preserved wet weight of
7.1 kg were collected in the seine samples from
July through November 1989 (Table 6). The total
catch included 29 species of fish (4,699 individuals,
2.4 kg prescerved wet weight) representing 16 fam-
ilies and at least 7 species of decapod crustaccans
(13,840 individuals, 4.7 kg preserved wet weight).
The number of fish species caught in flumes and
scines was the same (29), but the spccies compo-
sition was different because of the different habi-
lats sampled by each gear and scasonal differences
in sampling (scine samples were only collected
from July to November).

The total seine catch was dominated by decapod
crustaceans, which made up 74.6% of the total
number and 65.8% of the total biomass (Table 6
and Fig. 8). Grass shrimp (Palaemonetes sp.), the
dominant species in the flume net experiments,
dominated the seinc catches, comprising 60.4% by
number and 28.4% by biomass. Other decapods
that were abundant in scine samples include the
Penaeid shrimp and bluc crabs.

Compared with flume catch data, fish species
made up a larger proportion of the total seine
catch (25.3% by number, 23.6% biomass), and
were dominated by bay anchovy (Anchoa mitchilli),
which represented 15.6% of the total catch by
numbers (7.7% of biomass). Naked goby (Gobioso-
ma bos¢) was the next most abundant fish specics
caught (3.0% of total), followed by tidewatcer sil-
versides (Menidia beryllina). A single spccimen of
southern flounder (Paralichthys lethostigma) repre-
sented more biomass (12.5% of total) than all
2,901 bav anchovies, the most abundant fish in
scine samples.

High Tide vs Low Tide

The total catch (log-transformed) was signifi-
cantly higher in low-tide seine samples than high-
tide seine samples. This same relationship (low >



high tide) held true for decapods only and resi-
dent fish only (Figs. 5 and 6). This provides sup-
porting evidence that these organisms are using
the marsh surface at high tide and returning to the
creek at low tide. In contrast, transient fish were
significantly more abundant in high-tide samples
(Fig. 7). This pattern could result from fish moving
from deeper water to the marsh edge at high tide.
Differences in fish spccics abundance were appar-
ent among scine samples collected from July
through November. When the total fish catch was
tested with ANOVA, there was no difference in
catch between high and low tide samples; however,
a shift in fish abundance between low-tide and
high-tide samples with season resulted in a signif-
icant DATE-TIDE interaction. This interaction rc-
sulted primarily from the abundance of Anchoa
mitchilli in high tide samples in July and August
and the abundance of Gobiosoma bosc and Fundulus
grandis in low tide samples in October.

Species Differences in Catch by Tide Stage. Be-
cause habitat-use patterns vary between specics, the
seine catch data were analyzed with ANOVA for
the 14 most abundant species (10 fish and 4 deca-
pod specics with total catches >30). Again, as with
the flume data analysis, a Bonferroni-adjusted al-
pha level (p < 0.0036) was used to reduce the
problem of finding a significant result by chance
alone. Of the 14 species tested, four fish species
(G. bosc, F. grandis, G. boleosoma, and L. parva) and
two decapod species (Palaemonetes sp. and C. sapi-
dus) were significantly more abundant in low-tide
samples when compared to high-tide samples. Two
other fish species, C. nebulosus and M. beryllina,
were more abundant in low tide samples (p =
0.018), but this diffcrence was not significant with
the more conservative Bonferroni alpha level (p <
0.0036). This pattern of higher abundance in low-
tide scine samples, combined with the relative
abundance of these eight specices in flume samples,
is strong evidence that these species use the marsh-
surface habitat (at least at the edge) when it is
flooded.

The total catch of Penaeus aztecus from low-tide
samplcs was approximately double that from high-
tide samples (Table 6), but this difference was not
statistically significant (p = 0.08) with log-trans-
formed catch data. White shrimp (Penaeus setiferis)
were not significantly more abundant in low-tide
than in high-tide samples. Both penacid species
were commonly caught in flume nets.

Twice as many Achirus lineatus were caught in
low-tide samples as in high-tide samples, but this
diffcrence was not significant (p = 0.11). Another
flatfish, Symphurus plagiusa, was equally abundant
in high-tide and low-tide scine samples. Both of
these species were rarcly caught in flume nets.
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TABLE 6. List of species collected from seine samples along
edge from July through November 1989 in order of decreasing
numerical abundance. Number caught at high tide and low
tide, and total number and percentage of total catch are given
for cach species.

High

Specics Tide Low Tide Total Percentt
Palaemonetes sp. (R)® 304 10,893 11,197 60.40
Anchoa mitchilli (T) 1,904 997 2901 15.65
Penaeus setiferus (T) 526 701 1,227 6.62
Callinectes sapidus (T) 187 994 1,181 6.37
Gobiosoma bosc (R) 41 524 365 3.05
Menidia beryllina (R) 130 329 459 2.48
Penaeus aztecus (T) 71 144 215 1.16
Fundulus grandis (R) 0 160 160 0.86
Gobianellus boleosoma (R) 20 128 148 0.80
Lucania parva (R) 0 125 125 0.67
Symphurus plagiusa (T) 38 36 74 0.40
Achirus lineatus (1) 20 40 60 0.32
Cynoscion nebulosus ('T) 8 33 41 0.22
Brevoortia patronus (1) 24 13 37 0.20
Fundulus jenkinsi (R) 1 23 24 0.13
Cynoscion arenarius (T) 11 11 22 0.12
Micropogonias undulatus (T) 17 4 21 0.11
Bairdiella chrysoura (T) 13 7 20 0.11
Xanthidae (R) 1 16 17 0.09
Citharichthys spilopterus (T) 6 7 13 0.07
Membras martinica (R) 7 0 7 0.04
Mugil cephalus (T) 3 1 4 0.02
Syngnathus scovelli (R) 0 3 3 0.02
Sciaenops ocellatus (1) 0 2 2 0.01
Syngnathus louisianae (1) 1 1 2 0.01
Sphoeroides parvus (1) 1 1 2 0.01
Prionotus tribulus (1)) 1 1 2 0.01
Macrobrachium ohione (R) 1 1 2 0.01
Poecilia latipinna (R) 0 1 1 0.01
Strongylura marina (T) 0 1 1 0.01
Stellifer lanceolatus (1) 1 0 1 0.01
Gobionellus shufeldti (R) 1 0 1 0.01
Arius felis (T) 1 0 1 0.01
Paralichthys lethostigma (T) 1 0 1 0.01
Microgobrus thalassinus (R) 1 0 1 0.01
Sesarma sp. (R) 1 0 1 0.01
Total resident individuals 508 12,203 12,711  68.56
Total transient individuals 2,834 2994 5,828 31.44
Total fish and decapods 3,342 15,197 18,539 100.00

* Percentage of total catch represented by that species.
® Ecological classification (in parentheses): R = resident, T =
transient.

Anchoa mitchilli, the most abundant fish specics
in scine samples, was significantly more abundant
in high-tide samples. Gulf menhaden (Brevoortia
patronus), another abundant filter-fceder, had
slightly higher catches in high-tide seine samples
(Table 6), but the differcnces were not significant.
The relatively low numbers of menhaden caught
in scines is a function of the absence of complete
seasonal sampling. Catches would have been much
greater if scine samples had been collected in the
winter and carly spring when postlarval and juve-
nile menhaden are abundant in the estuarics.
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Fig. 8. Pic charts illustrating the proportion of the total scine catch represented by the most abundant fish and decapod species.
A. Species composition by numbers. B. Species composition by weight.

COMBINING FLLUME NET AND
SEINE Data
Flume and seine catch data are not quantitative-
ly comparable because of the differences in the
methods of fishing (passive vs active), the habitats
sampled (marsh surface vs creck edge), and the
size of the arcas sampled. However, by comparing
(qualitatively) the relative abundance and distri-
bution (spatial and temporal) of species caught by

these two gears, we can begin to see how marsh
and edge habitats arc utilized. These relationships
are shown in Fig. 9. For cxample, several species
(fish: A. xenica, F. pulvereus, P. latipinna, C. varie-
gatus; decapods: Uca sp., Sesarma sp.) were rare or
absent in scinc samples but were abundant in
flumes, especially in the back (interior) nets.
These represent true marsh-resident species that
forage on the flooded interior marsh and take ref-
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Fig. 9.
B. low versus high tide scine samples.

uge in small ponds, potholes, burrows, muskrat
trails, and rivulets at low tide, and only rarely re-
treat to the open water of the creek. Mugil cephalus,
Myrophis punctatus, and Xanthid crabs were also
more abundant in flumes than in scine samples;
however, this could result from their ability to
avoid seines, either by burrowing in mud (worm
cels and mud crabs) or by swimming fast or jump-
ing (mullet). On the other extreme are open-water
estuarine specics (e.g., Anchoa mitchilli, Brevoortia
patronus, Micropogonias undulatus) that were rela-
tively common in scines, especially at high tide, but
were rarely or never caught in flumes, indicating
that the flooded marshes are not utilized as nurs-
cry habitat by these species.

The catch data by gear and the results of ANO-
VA tests for the most abundant fish and decapod
species (> 30 individuals with one gear) collected
from flume nets and seines are summarized in Ta-
ble 7. The ANOVA results are summarized for the
comparisons of (log-transformed) catches between
front and back nets, and between long and short
flumes for flume net data, and between high-tide
and low-tide catches for scine data.
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Marsh Habitat Utilization Patterns

Not all estuarine species utilize flooded marsh
habitat to the same extent. A qualitative compari-
son of the results given in Table 7 indicated four
gencral patterns of marsh utilization. The 10 most
abundant fish specics captured in flume nets (Ta-
ble 4) are considered resident species because they
spend their entire lives within the estuary. We as-
signed a species to one of four general patterns of
marsh habitat utilization. Figure 10 shows a typical
profile of a creck edge and adjacent marsh with
the area of utilization delineated for each category.

(A) Interior Marsh Residents. The first habitat-
usc pattern describes species that move into inte-
rior marshes whencver they are flooded and then
retreat to potholes, muskrat trails or small ponds
at low tides. These species probably gain access to
interior marshes through small rivulets or muskrat
trails and seck refuge in these low wet areas during
normal low tides. These species may burrow in the
mud or find their way back to the creek during
extreme low-water levels. These species represent
the truc marsh-resident species that are adapted to
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TABLE 7. Summary of catch data and ANOVA results for the most abundant fish and decapod species collected from flume nets
and seines from January through November 1989. The total caich (number) of each species is given for each gear. Results of ANOVA
tests are summarized for comparisons between front and back nets (NET) and flume length treatments (FLENGTH) for flume data,
and bewween tide stages (I1IDE) for seine data. (only or >) = significantly greater at a Bonferroni adjusted alpha level (p < 0.0025);
(=) = significantly greater at p < 0.05, but not at Bonferroni adjusted alpha level (p < 0.0025); (=) = not significanuy different (p

> 0.05); (*) = not tested (n < 30).

Flume Net Data Scinte Data
o Habitat Use
Species Number NET* FLENGTH" Number TIDE: Category!
Fishes
Cyprinodon variegatus 116 B =F L>S$§ 0 * A
Adinia xenica 450 B=>F [.=8§ 0 * A
Fundulus pulvereus 336 B>F L.>$§ 0 * A
Poecilia latipinna 169 B>F L>S 1 L only* A
Lucania parva 132 F:=B [.=8 125 1. Onlj' B
Fundulus grandis 663 F=>B L>S 160 1. only B
Fundulus jenkinsi 102 F only I.=8§ 24 1> H* C
Menidia benyllina 67 F:>B I.=§ 459 [.=H C
Cynoscion nebulosus 64 F only [.=S§ 41 I.=H ¢
Mugil cephalus 47 F only L.=§ 4 * C
Gobiosoma bosc 1,649 F only [.=S§ 565 I.>H C
Gobionellus boleosoma 171 F only I.=8§ 148 I.L>H C
Achirus lineatus 9 F only* * 60 H-=1 D
Symphurus plagiusa 4 F only* 74 H=1L D
Anchoa mitchilli 39 F only LL=§ 2,901 H>1 D
Brevoortia patronus 0 * * 37 H=L D
Decapod crustaceans
Uca sp. 804 B>F I.>8§ 0 * A
Sesarma sp. 35 F:B [.=§ 1 * A
Palaemonetes sp. 28,221 F>B [.>S 11,197 L>H B
Callinectes sapidus 3,714 F->B I.= 1,181 I.>H B
Penaeus aztecus 252 F only S=1 215 IL.L=H C
Penaeus setiferus 307 F only L=S 1,227 L=H C
Xanthidae 207 F only 1.=8§ 17 L only* C

«NET: F = front net vs B = back net.

"FLENGTH: L. = long flumes (10, 20, and 40 m) vs S = short flumes (3 m).

¢ TIDFE: L. = low tide vs H = high tide.
4 See Fig. 10.

surviving (or escaping) the adverse environmental
conditions (e.g., cxtremes of temperature, salinity,
and dissolved oxygen) likely to occur if thesc or-
ganisms were to become trapped in a small pot-
hole or burrow. Organisms in this classification
were abundant in flumes and the majority were
caught in the back nets of the long flumes. These
organisms werc morce abundant in long flumes
than in short flumes (3 m) and were rare or absent
in seine samples since they rarely venture out into
the “‘open’’ water of the creck. Fish in this group
were all from the order Cyprinodontiformes, spe-
cifically: Fundulus pulvereus, Cyprinodon variegatus,
Poecilia latipinna, and Adinia xenica. Of the com-
mon decapods caught, Uca sp. and possibly Sesarma
sp. best fit into this category.

(B) Interior Marsh Users. These species utilize
the interior marshes (but may require slightly
deeper water than the first group) and have a ten-
dency to return to the creck edge at low tide.
These species were also abundant in flumes and
were more abundant in long flumes than in short
flumes. Organisms in this group were commonly

caught in back nets but were more abundant in
front nets. These organisms were common in seine
samples with higher catches from low-tide samples
as compared to high-tide samples. The fish species
that fit into this group, Fundulus grandis, and pos-
sibly Lucania parva, also belong to the family Cy-
prinodontidae. The two most abundant decapod
species, Palaemonetes sp. and Callinectes sapidus, also
fit into this categorv.

(C) Edge Marsh Users. The third habitat-use pat-
tern describes both resident and transient species
that utilize the marshes along the creek edge at
high tide but apparently do not penetrate into the
interior marshes (>3 m from the creek), except
possibly during extreme flooding events. These
specics return to the creek and many remain in
the shallow water along the creck edge during low
tide. Species in this category were abundant in
flumes and caught only in front ncts. Catches of
these species werc not significantly different be-
tween long flumes and short flumes, indicating no
significant use of interior marshes. These organ-
isms were abundant in scine samples along the
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A schematic elevation profile of the marsh creek bank with streamside effect (natural levee). Lines A-A, B-B, C-C, and D-

DD represent patterns of marsh utilization by fish and decapod assemblages described in the text and in Table 7 (habitat use categories

A, B, €, and D, respectively).

marsh edge and were gencrally more abundant in
low-tide samples. Included in this category were
resident species such as Fundulus jenkinsi, Gobioso-
ma bosc, Gobionellus boleosoma, and Menidia beryllina,
and Xanthid crabs. Commercially important tran-
sient spccies, including spotted seatrout (Cynoscion
nebulosus), Penaeid shrimp (Penaeus aztecus and P.
setiferus), and possibly striped mullet (Mugil cepha-
lus), were also included in this group.

(D) Marsh Subtidal Group. The last habitat-use
pattern describes species that utilize estuarine
open-water habitats, including the shallow-water
creek edge, but apparently do not utilize the flood-
cd marsh surface. Organisms in this category rare-
lv, if ever, ventured onto the flooded marsh sur-
face, based on their absence or rarity in flumes
(occasionally found in front nets only). However,
seine sampling results suggest that species within
this catcgory utilize the shallow-water creck-cdge
habitat to varying degrees. Species within this cat-
egory could be divided into two subgroups of
creck-edge habitat utilization based on differences
between high-tide and low-tide scine catches. The
first subgroup included two' flatfish specics, Sym-
phurus plagiusa and Achirus lineatus, that were com-
mon in seine samples from the creek edge but had
no significant differences between high-tide and
low-tide seine samples. Fish in the second sub-
group wcre more abundant in high-tide than in

low-tide scine samples, and included important
transient species such as Anchoa mitchilli and prob-
ably Brevoortia patronus and some Sciacnid species.

Discussion

Based on these results we accept all three hy-
potheses stated in the Introduction. The results of
the flume net and seine sampling indicate that
flooded marshes arc utilized primarily by decapod
crustaceans (shrimp and crabs) and resident fish
(Cyprinodontidac and Gobiidae; Hypothesis #3).
Transient fishes were less abundant on flooded
marshes and primarily used the edge marshes (Hy-
polhcsls #2). Utilization of flooded marsh habitats
is highly variable among spccies in these wetlands,
Some spccies stay in the marsh as long as it is flood-
ed and take refuge in small ditches and potholes
at low tide; others only use the edge marshes or
venture into the interior marshes and return to the
creek as the water drops; other specics rarely, if
ever, get up on the marsh. Therefore, we conclude
that there are important specics-specific patterns
of marsh usc by estuarine organisms (Hypothesis
#1). Here we suminarize the individual species uses
of the marsh and integrate our results with the re-
sults of others.
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SPECIES COMPARISONS OF MARsHT Usk:
DECAPODS

Grass shrimp (Palaemonetes sp.) were the domi-
nant organism using the flooded marsh surface in
this and other studies (Zimmerman and Minello
1984; Mclvor and Odum 1986; Rozas and Odum
1987; Zimmerman 1989; Rozas 1992a, b). All life
stages, from the smallest juveniles that could be
retained in the mesh to gravid adult grass shrimp,
were caught in flume and seine samples. Grass
shrimp were not identificd to specics becausc they
werce so abundant and identification to specics is
difficult and time consuming; however, from those
that were identified and from the salinity range
sampled, it appears that Palaemonetes pugio was the
dominant specics. Zimmerman (1989) listed three
species of grass shrimp (P. pugio, P. vulgars, and
P. intermedius) in a higher salinity site in Louisiana
and found that they all showed a similar prefer-
cnce for vegetated over nonvegetated habitat.
Grass shrimp were significantly more abundant in
long flumes than in short flumes and in low-tide
vs high-tide scine samples. Some were caught in
back nets (up to 40 m inland), although most
(99%) were caught in front nets. Grass shrimp ap-
parently use the marsh surface including the inte-
rior marsh whencver it is flooded, and most return
to the creck at low tide. The use of flooded interior
marshes by grass shrimp was also documented by
Kneib (1991) and Rozas (1992a). Because of the
abundance of Palaemonetes specics, their ability to
accelerate the breakdown of detritus, and their im-
portance as forage for other estuarine species, this
movement of grass shrimp on and off the marsh
surface with the tides may provide a major biolog-
ical mechanism for the transport of energy (pri-
mary productivity) from intertidal marshes to the
open cstuary (Welsh 1975).

Penacid shrimp were common in flume net and
scine samples but were much less abundant (by
two orders of magnitude) than grass shrimp. Only
juvenile penaeids were caught and these were tran-
sient species that move out of the cstuaries as
adults. White shrimp (P. setiferus) were equally
abundant in long and short flumes, but unexplain-
ably, brown shrimp (P. aztecus) were more abun-
dant in short flumes. Also, these two penacid spe-
cies were never caught in back nets, indicating that
their use of the flooded marsh is limited to the
cdge (<3 m). Greater numbers of both specics
were caught in low-tide seinc samples, but the
numbers were not significantly higher than high-
tide catches when log-transformed data were tested
with an ANOVA.

Studics in flooded Texas salt marshes (Zimmer-
man and Mincllo 1984; Zimmerman et al. 1984)

showed that brown shrimp have a strong selection
bias for vegetated habitat, particularly as small ju-
veniles, whereas white shrimp were equally abun-
dant in vegetated and nonvegctated areas. A simi-
lar pattern was found in the laboratory, where the
selection of vegetative cover by brown shrimp was
shown to be an advantage for avoiding some pred-
ator species (Minello and Zimmerman 1983).
Kneib (1991) used a *‘flume-weir” to sample nek-
ton in the interior of a Georgia salt marsh, and
reported white shrimp to be the most numerically
important transicnt specics. Rozas (1992a) often
caught penaeid shrimp in his lift nets located on
the marsh surface, and reported brown and white
shrimp to be equally abundant.

Blue crabs (Callinectes sapidus) were caught in
flume nets mostly as juveniles, but some adults
were also caught in the front nets. Although dif-
ferences between long and short flumes were not
as pronounced as for grass shrimp, blue crabs were
most abundant in 40-m flumes and several juve-
niles were caught in back nets, thus documenting
the usc of interior marshes by juvenile blue crabs.
The higher abundance of blue crabs in low-tide
scine samples indicates that flooded marshes are
important habitats for blue crabs; however, the
cdge marshes are probably utilized more than in-
tertor marshes, especially by larger juveniles and
adults. Studies in Texas salt marshes (Zimmerman
and Minello 1984; Thomas ct al. 1990) rcported
that juvenile blue crabs were always significantly
more abundant in flooded vegetated habitat than
in adjacent nonvegetated areas. Other studies have
found blue crabs (especially juveniles) to be one
of the more abundant species using the flooded
marsh surface in salt marshes (Hettler 1989; Zim-
merman 1989; Kneib 1991; Rozas 1992a, b) as well
as in tidal freshwater marshes (Mclvor and Odum
1986, Rozas and Odum 1987).

Mud crabs (Xanthidae) were reclatively common
in the flume samples and apparently use only the
cdge marshes, since they were caught in equal
abundance in all flume lengths and never caught
in a back net. Although they were uncommon in
seine samples (probably because of their ability to
burrow to avoid seines), the mud crabs caught in
seines were caught almost exclusively in low-tide
samples. This observation provides evidence that
mud crabs utilize the flooded marsh surface. Mud
crabs were rare or only occasionally caught in At-
lantic coast marshes (Rozas and Odum 1987; Het-
tler 1989) but were commonly found in flooded
vegetation in another Louisiana salt marsh by Zim-
merman (1989).

Fiddler crabs (Uca sp.) were commonly caught
in flumes and almost exclusively in the back nets
of the long flume trecatments. Fiddler crabs were



never caught in scine samples along the edge of
the creck. Fiddler crabs use interior marshes and
apparently avoid the open water of the creek, in-
stead seeking refuge in burrows or potholes in the
interior marsh at low tide. Wharf or marsh crabs
(Sesarma sp.) were commonly caught in back nets
(39%), but there were no significant differences in
catches between front and back nets or between
long and short flumes. Only one wharf crab was
caught in a scine sample (at high tide). Wharf
crabs apparendy use interior marshes but seem to
show some preference for creck edge (natural lev-
cc) marshes. Both Uca sp. and Sesarma sp. were
commonly seen on the marsh surface at low tide,
and tend to scurry away or retreat to burrows or
potholes when approac hed. Because of their am-
phibious and burrowing behaviors and their ability
to climb out of flumes, fiddler and wharf crab
abundances arc¢ probably underestimated since
they are not forced into the cod-end nets as the
water chbs, Zimmerman (1989) collected 100% of
fiddler crabs and 96% of wharf crabs from vege-
tated habitat in his study comparing vegetated to
adjacent nonvegetated habltats in a Louisiana salt
marsh.

SPECIES COMPARISONS OF MARSIH USE:
RESIDENT FISHES

Gobiosoma bosc was the most abundant fish caught
in flume nets and the second most abundant fish
caught in the seinc samples. This resident s‘pccics
was only caught in front nets. There were no sig-
nificant differences between catches from lon,gr and
short flumes and they were more abundant in low-
tide scine catches (Category G, Table 7). Naked
gobics apparently move onto the marsh surface
when it floods but remain near the creck edge.
Naked gobies were also the most numerous and
frequently caught fish species found in drop sam-
ples along the marsh edge in the Barataria Basin,
Louisiana (Rakocinski ct al. 1992; Baltz et al
1993). In a Texas salt marsh, naked gobies were
the most abundant fishes in drop samples, with
81% caught in vegetated (vs adjacent nonvegetat-
cd) samples at high tide (Zimmerman and Minello
1984). Other studics that sampled the saline inarsh
and edge habitats have found this species 1o be one
of the more abundant fishes utilizing this habitat
(Peterson 1986; Hettler 1989; Rozas 1992b).

Another resident goby, Gobionellus boleosoma, was
somewhat less abundant than G. bosc in the flume
and scine samples but showed the same pattern of
marsh utilization. This species was also commonly
caught along the salt-marsh edge and on the flood-
cd marsh surface in other studies (Peterson 1986;
Hettler 1989; Zimmerman 1989; Baltz ¢t al. 1993).

Several species of Cyprinodontid fishes were
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commonly caught in both front and back nets of
the flumes. The use of flooded marshes by this
group of fishes is well documented (Bumcr and
Brattstrom 1960; Kneib and Stiven 1978; Weisberg
ct al. 1981; Talbot and Able 1984; Kneib 1984,
1986, 1991; Mclvor and Odum 1986; Lipcius and
Subrahmanyam 1986; Rozas and Odum 1987; Ro-
zas et al. 1988; IHettler 1989; Rozas 1992a, b). Dif-
ferences in marsh utilization patterns among the
different cyprinodontid species can be inferred
from the flume and scine catch results. Three spe-
cies (Cyprinodon variegatus, Adinia xenica, and Fun-
dulus pulvereus) utilized the interior marshes and
residual pools of water at both high and low tides
(Category A, Table 7). Another cyprinodontiform
fish (Poccilia latipinna, Fam. Poccilidac) also fits
into this pattern of marsh utilization. Fundulus
grandis and Lucania parva also utilized the interior
marshes at high tide but apparently returned to
the creek at low tide (Category B, Table 7). Fun-
dulus jenkinsi was the only cyprinodontid species
that was commonly caught along the marsh edge,
but it apparently did not utilize the interior marsh-
es (Category G, Table 7).

These difterent patterns of marsh utilization may
reflect an evolutionary partitioning of this habitat
that allows these ecologically similar species o co-
exist. Weisberg (1986) compared four sympatric
species of Fundulus on the Adantic Coast (Dela-
warc) and suggested that competitive exclusion,
rather than physiologi(‘al barriers, may be the
morce important factor in controlling spanal seg-
regation of these spul(‘s Forman (1968) suggest-
ed that differences in anatomy and feeding behav-
iors defined separate niches for five Cyprinodontid
species and allowed for the coexistence of these
specics on a Louisiana barrier island. The factors
controlling the habitat partitioning among the
Gulf of Mexico cyprinodontid species need more
investigation.

On the Atantic Coast, Fundulus heteroclitus has
been shown to move on and off the marshes with
the tides to feed on invertebrates on the flooded
marsh surface (Kneib and Stiven 1978; Weisberg et
al. 1981; Rozas ct al. 1988). These fish in turn are
preyed upon by larger predators (fish, crabs, and
birds), thereby providing an important link (mech-
anism) in energy transfer between the intertidal
marsh and adjacent subtidal waters (Valiela et al.
1977; Weisberg and Lotrich 1982; Kneib 1986).
Fundulus grandis, the Gulf Coast ecological cquiv-
alent to F. heteroclitus, is veported to feed on the
flooded intertidal marshes (Rozas and LaSalle
1990), and therefore probably performs a similar
function in the cnergy dynamics of Gulf Coast cs-
tuaries.

Several cyprinodontid species, F. grandis (Gree-
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ley and McGregor 1983), F. heteroclitus (Taylor et
al. 1977, 1979), F. pulvereus and Adinia xenica
(Greeley 1984), reportedly utilize the flooded in-
tertidal marshes for spawning and have cvolved a
spawning pattern that is correlated with the bi-
weekly spring tides during the breeding season.

Menidia beryllina were less abundant in flume
samples than the other resident species but werc
often caught in flumes and werc abundant in scine
samples, especially at low tide, indicating some
marsh surface utilization. Catches from long and
short flumes were not significantly different, and
all but one of the 67 M. beryllina caught in the
flumes came from the front ncts. These results im-
ply that their use of the marsh is mostly limited to
the edge. Menidia beryllina have been reported to
be abundant along thc marsh edge (Peterson
1986; Rozas 1992b; Baltz ct al. 1993) and common
on the marsh surfacc (Mclvor and Odum 1986;
Rozas 1992a, b). However, when adjacent vegetat-
ed and nonvegetated habitats werc sampled at
high tide (with drop samplers), M. beryllina were
more abundant in nonvegctated habitats (Zimmer-
man and Minello 1984; Zimmerman 1989). A sim-
ilar specics, Menidia menidia, has also been collect-
ed from flooded salt marshes along the Atantic
Coast (Hettler 1989; Knieb 1991). Menidia menidia
is generally an open-water schooling species found
in tidal creeks and near-shore estuarine zones but
is reported to spawn in the flooded intertidal veg-
ctation (Butner and Brattstrom 1960; Fay ct al.
1983).

SPECIES COMPARISONS OF MARSH USE:
TRANSIENT FISHES

‘Transient fishes are thosc that spend only a por-
tion of their life cycle (usually the juvenile stage)
in the estuary, and include many economically im-
portant species. Only two transient species (Cynos-
cion nebulosus and Mugil cephalus) were caught in
sufficient numbers in the flumes to infer direct use
of the flooded marsh habitat. Both of these specics
were only caught in the front nets and were equally
abundant in long vs short flumes. This result sug-
gests they use the marsh surface only at the edge
(<3 m from creek).

Scagrass beds are reported to be the preferred
nurserv habitat for juvenile Cynoscion nebulosus
tlnoughout much of their range (Perret ct al.
[980; Lassuy 1982; Mercer 1984). In estuarics
where extensive seagrass beds are lacking, shallow,
saline-marsh shoreline arcas are probably the pri-
mary nursery habitat for juvenile C. nebulosus (Pe-
terson 1986). Scveral recent studies have reported
capturing juvenile spotted seatrout from the flood-
ed marsh surface (Hettler 1989; Knicb 1991; Rozas
1992b), and others have reported greater catches

in flooded vegetation when compared to adjacent
nonvegetated habitats along the marsh edge (Zim-
merman and Minello 1984; Zimmerman 1989;
Rakocinski ¢t al. 1992). Small juvenile spotted sea-
trout apparently utilize the shallow water along the
marsh cdge at low tide and move onto the marsh
surface when it floods probably to feed and to
avoid predators. Marsh use by spotted seatrout is
probably restricted to the cdge because they were
equallv abundant in short and long flumes. Inte-
rior marshes may be more important in marshes
that are inundated more often or deeper, such as
those on the Atlantic Coast where spotted seatrout
have been reported from interior marshes (Knieb
1991).

Although not extremely abundant, juvenile
striped mullet (Mugil cephalus) were commonly
caughtin flumes in thesc marshes and from a near-
by marsh (Rozas 1992b). These results indicate
that mullet utilize the flooded marsh surface to
some extent. The data from this study suggests that
marsh use by mullet is limited to the cdge; how-
cver, we have observed large juvenile mullet in the
interior of other marshes during deep (>0.5 m)
flood tides. In a follow-up to this study, we cap-
tured several mullet in pit traps within flumes on
the marsh (15 m from the creek) at a site closer
to the Gulf of Mexico that floods deeper and more
often than the present study sitc. In another Lou-
isiana study, Rozas (1992a) reported that M. ceph-
alus was onc of the more abundant fish species
caught on the marsh surface in lift ncts. Knicb
(1991) reported that Mugil spp. are the most abun-
dant transicnt fish species in his flume-weirs locat-
ed in the interior of a salt marsh in Georgia. Ilet-
tler (1989) reported that Mugil curema and M.
cephalus were the sixth and ninth most abundant
fish species (respectively) in his block-net samples
from a flooded salt marsh in North Carolina, but
he was unable to determine their extent of pene-
tration into the interior marshes. Although the
present study indicates that mullet utilize the
marsh only near the edge (Category C, Table 7),
other studies suggest that mullet may be one of the
few transicnt fishes that utilize interior marshes
(Category B).

Two nektonic filter-feeders, Anchoa mitchilli and
Brevoortia patronus, and two demersal flatfishes,
Achirus lineatus and Symphurus plagiusa, were com-
mon in scine samples but were rarcly or never
caught in flumes {Category D), Table 7). This result
indicates that they utilized the shallow water along
the marsh edge but rarcly, if ever, utilized the
flooded marsh surface. Anchoa mitchilli was the
most abundant fish species in seine samples and
was significantly more abundant in high-tide sam-
ples. Brevoortia patronus were also more abundant



in high-tide seine samples, but the differences were
not significant because the total numbers caught
were small. A relatively low number of menhaden
were caught in seines in this study because scine
samples were not collected in the winter and carly
spring when postlarval and juvenile menhaden are
abundant in the estuaries. A. mitchilli and B. pa-
tronus are two of the more abundant species found
in cstuarine, open-water habitats (Gunter 1936,
1938; Herke 1971; Perret 1971; Wagner 1973) and
along thc marsh cdge (Peterson 1986; Rozas
1992hb; Baltz ct al. 1993) in Louisiana estuaries. An-
chovies and menhaden are frequently caught in
drop-samples along the marsh edge but are rarely
caught in samples containing vegetation (Zimmer-
man and Minello 1984; Zimmerman 1989; Rako-
cinski et al. 1992). Thesc arc mostly open-water
species that may utilize the shallow creck-cdge hab-
itats at high tide, when the water at the edge is
deeper, possibly to avoid predators or strong cur-
rents. Fore and Baxter (1972) reported increased
catches of Brevoortia patronus larvae on chb tides
along the cdge of a tidal pass in Texas, and sug-
gested that these immigrating larvae moved to the
slower moving waters along the shore to avoid be-
ing swept back out of the estuary during ebb tides.

Although bay anchovies were caught in flumes,
the numbers were low relative 1o their abundan(c
in high-tide seine samples. In Atlantic Coast marsh-
es with a greater tidal range, bay anchovies were
commonly taken from the flooded marshes with
flume nects (Rozas et al. 1988) and block ncts (Het-
ter 1989), but none were caught on the interior
marsh with flume-weirs (Knieb 1991). Rozas ct al.
(1988) reported that bay anchovy was the only
common fish species that was more abundant in
creck-bank flumes than in rivalet flumes. Bay an-
chovies are open-watcr, filter-feeders that may uti-
lize the shallow-water marsh-edge habitat at high
tide but probably do not penetrate into the flood-
cd marsh vegetation except perhaps in sparscly-
vegetated, deeply-flooded marsh cdges. A close as-
sociation with the marsh edge at high tide could
account for the presence of bay anchovies in flume
net and block nect samples, since these passive sam-
ple gears arc sct at high tide and, by design limi-
tations, may sample a small amount of open-water
(nonvegetated) habitat at the creck cdge.

No Gulf menhaden were caught in flumes. How-
cver, Rozas (1992b) captured 226 small Gulf men-
haden in his flumes. Like bay anchovies, juvenile
Gulf menhaden are filter-feeders and may be in-
cidentally captured in flumes if they feed along the
marsh edge at high tide. Gulf menhaden undergo
a distinct transformation in morphology and fccd-
ing habits during the time they arc in the estuary.
Pre-transformed larval menhaden (<30-33 mm
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TL) are carnivores that selectively feed on zoo-
plankton, whereas post-transformed juveniles and
adults are omnivorous filter-feeders (Lassuy 1983).
A selective feeding strategy would seem to be more
cffective among the stems of vegetation, but there
was no cvidence of utilization of the flooded marsh
surface by small postlarval menhaden. In studies
conducted along the Atlantic Coast, Hettler (1989)
did not report any Brevoortia tyrannus from his
block-nets, but Knieb (1991) caught a few (most
>30-mm TIL.) his flume-weirs in the interior
marsh. The low abundance of menhaden collected
from marsh-surface as compared to more open-wa-
ter habitats is evidence that this important *‘estu-
arine-dependent’” species does not significandy uti-
lize the flooded marsh habitat.

Achirus lineatus and Symphurus plagiusa and other
flatfish species have been captured from the flood-
ed marsh surface in small numbers with block nets
(Hettler 1989) and flumes (Rozas 1992b; this
study) but not from the interior marshes (Kneib
1991; Rozas 1992a; this study). Symphurus plagiusa
are relatively common along the marsh edge in
shallow-water marsh habitats but are more often
caught in samples with no vegetation (Zimmerman
and Minello 1984; Zimmerman 1989; Rakocinski
ct al. 1992; Baltz et al. 1993). These and other
small flatfish species arc relatively common in es-
tuarine, open-water habitats, as they often show up
in estuarine trawl surveys (Herke 1971; Perret
1971; Wagner 1973) and in the bycatch of shrimp
trawl fishceries (Gunter 1936). M()rphologlcallv, the
flatfishes appear to be better designed for feeding
in open-water habitats than among the closely
spaced stems on the marsh surface, but the shal-
low-water, mud-flat habitat along the marsh edge
may be very important to these flatfishes.

Several other transient fish species were caught
in flumes and/or scines, but their numbers were
too low to confidently assign them to any habitat-
usc categories. Many common sciacnids (e.g., Mi-
cropogonias undulatus, Leiostomus xanthurus, Cynos-
cion arenarius, Bairdiella chrysoura, Sciaenopos
ocellatus) and other species (Lagodon rhomboides,
Arius felis) that are commonly caught in trawl and
scine surveys in Louistana cstuaries (Gunter 1936,
1938; Norden 1966; Herke 1971; Perret 1971; Wag-
ner 1973; Pcterson 1986) were rarc or absent in
flume samples. These are all considered to be es-
tuarine-dependent transient species, but the anal-
ysis of flume data indicates that they do not directly
utilize the flooded marsh habitat or they were not
present in this area of the estuary during this study.
None of these specics were abundant in seine sam-
ples, although no samples were taken during the
winter and spring when juvenile Atlantic croaker,
spot, and red drum are most abundant in the cs-
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tuaries. Some of these species may be more abun-
dant in higher salinity portions of the estuary and
could possibly utilize the marsh surface in marshes
that flood deeper and more regularly.

Spot (Leiostomus xanthurus) are rcported to be
one of the most abundant cstuarine transients uti-
lizing the tidal creeks (Weinstein 1979; Weinstein
and Brooks 1983) and flooded salt marshes (Het-
ter 1989; Knieb 1991) on the Atantic Coast. On
the Gulf Coast, spot are abundant in shallow open-
water areas (Herke 1971) and along the edges of
salt marshes (Zimmerman and Mincllo 1984; Pe-
terson 1986; Rozas 1992b), but nonc were caught
in our flume or seinc samples. Rozas (1992h)
(‘aughl only seven spot in his flumes but caught 97
in beam trawl samples along the marsh edge. In
drop samples along the marsh cdge, spot were
more often caught in samples without vegetation
(Zimmerman and Mincllo 1984; Baltz et al. 1993).
Spot may not utilize flooded marsh vegetation to
the same extent on the Gulf Coast as they do on
the Atantic Coast because of our smaller tidal
range.

Unlike spot, juvenile Adantic croaker (Micropo-
gonias undulatus) are rarcly found in shallow-water
tidal crecks or flooded marshes on the Atlantic
Coast but are common in deeper channel habitats
(Weinstein 1979; Weinstein and Brooks 1983; Het-
tler 1989). This apparent spatial segregation may
reduce ¢ ompcun()n between these two morpholog-
ically similar species that are both abundant in the
estuary during the same scason. This mechanism
may be less important in the microtidal estuarics
on the Gulf Coast, where salinity may play a more
important role in habitat partitioning. Although
these two species are often caught in the same
trawl samples, particularly in mesohaline open-wa-
ter arcas in Gulf estuaries, spot are often more
abundant in higher salinity portions of the estuary,
whercas croakers are more abundant in lower (oli-
gohaline) salinities (Perret 1971; Thompson and
Forman 1987; Zimmerman ct al. 1990). Atlantic
croaker arc often the most abundant sciaenid
caught in Louisiana cstuarine surveys in shallow
marsh creeks and small lakes, as well as in open
bays and channels (Gunter 1938; Norden 1966;
Herke 1971; Perret 1971). Juvenile croaker are also
relatively common along the marsh cdge in Loui-
siana but not usually as abundant as juvenile spot
in this habitat (Peterson 1986; Baltz ¢t al. 1993).
The absence (or rarity) of Atlantic croaker in
flumes and other collections from the flooded
marsh (Hetder 1989; Knieb 1991; Rozas 1992a, b;
this study) indicates that flooded marsh surfaces
arc not a primary nursery habitat for this species.

Juvenile sand seatrout (Cynoscion arenarius) are
one of the morc abundant specics in Louisiana es-

tuarine surveys and in the bycatch of shrimp trawl
fisheries (Gunter 1936, 1938; Norden 1966; Perret
1971; Herke et al. 1984), yet they are uncommon
or rare in samples from the tlooded marsh and
cdge habitats (Peterson 1986; Rozas 1992a, b; Baltz
et al. 1993; this study). The primary nursery habi-
tats for juvenile sand scatrout are probably the
open-water estuarine bottoms and therefore they
are susceptible to capture in trawls. In contrast, ju-
venile spotted seatrout, as discussed above, utilize
the flooded marsh and shallow waters along the
edge as a primary nursery habitat. This spatial seg-
regation presumably reduces competition between
these two morphologically similar species and al-
lows them to coexist in the estuary during the same
(summer) scason. The scgregation of these two ()-
noscion specics by habitat has been documented in
Louisiana marshes (Pcterson 1986) as well as in
Florida grass bed habitats (Springer and Wood-
burn 1960).

Hardhcad catfish (Avrius felis) is another species
that, like Adantic croaker and sand seatrout, is sca-
sonally common in open-water estuarine trawl sur-
veys (Gunter 1938; Perret 1971; Wagner 1973) but
is much less comunon along the marsh cdge (Pe-
terson 1986; Baltz et al. 1993). Iardhcad catfish
have never been reported from the flooded marsh
surface (IHettler 1989; Kneib 1991; Rozas 1992b;
this study).

Pinfish (Lagodon rhomboides) arc reported to uti-
lize the flooded marshes adjacent to channels in a
North Carolina salt marsh (Fletder 1989) but were
not found in the interior of a salt marsh in Ge orgia
(Knich 1991). We (aught only five pinfish in
flumes and none in seine samplcs, however, Rozas
(1992b) caught 84 in flumes and 126 in trawls
along the marsh edge at a nearby marsh of higher
salinity. Pinfish showed a preference for flooded
vegetation and were most abundant in mesohaline
and polyhaline marsh habitats in Galveston Bay,
Texas (Zimmerman and Minello 1984; Zimmer-
man ct al. 1990). Pinfish are common along the
salt-marsh edges in Louisiana (Peterson 1986; Baltz
et al. 1993) and may utilize the flooded edges of
marshes in higher almlty marshcs.

Silver perch (Bairdiella chrysoura) are common
along salt-marsh edges in the Barataria estuary,
Louisiana (Pcterson 1986; Baltz et al. 1993). Al-
though rare in our flume and scine samples, Rozas
(1992b) reported silver perch to be relatively abun-
dant in his flume and beam trawl samples from a
higher salinity marsh within the same estuary. On
the Atdantic Coast, silver perch were commonly
found on the flooded marsh surface (Hettler 1989,
Kncib 1991), and although they were not as nu-
merous as spot, they were more abundant than
spotted seatrout in both of these studies. It there-



fore scems likely that in arcas where they are abun-
dant, silver perch will utilize the flooded marsh
habitat, at least near the edge.

Juvenile red drumn (Sciaenops ocellatus) are also
common along salt-marsh edges in the Barataria
estuary, lLouisiana, particularly in higher salinity
marshes close to the Gulf of Mcxico (Peterson
1986; Baltz ct al. 1993). Only three red drum were
caught in flumes and only four in seines during
this study. In a higher salinity area, Rozas (1992b)
caught only seven red drum in his flumes, but
caught 66 in beam trawl samples along the marsh
edge. Hettler (1989) reported a few red drum in
his block-net samples from a salt marsh in North
Carolina, and Kneib (1991) caught only two red
drum in 271 samples from the interior of a salt
marsh in Georgia. Zimmerman and Minello
(1984) rcported 12 out of 13 red drum were
caught in drop samples containing vegetation.
Larger juveniles and subadult red drum forage
among sparse vegetation along the marsh cdge
and juveniles are caught in seines along the cdge
in high salinity marshes (Peterson 1986). Juvenile
red drum are rarely, if ever, caught in trawl sam-
ples away from the marsh edge in estuarine surveys
(Gunter 1938; Norden 1966; Herke 1971; Perret
1971, Wagner 1973). The marsh-cdge habitat is
very important to juvenile red drum (Peterson
1986), but their use of the flooded marsh surface
is apparently limited to the sparse vegetation at the
edge, at least in Louisiana.

CONCLUSIONS AND MANAGEMENT
IMPLICATIONS

In Louisiana estuaries, the flooded interior
marsh surface is an important habitat for marsh-
resident fish (Cyprinodontiformes) and decapods
(Palaemoncetes sp. and Uca sp.) but is probably not
directly utilized by most transicnt fish and decapod
species. Of thosc transicnt species that do use the
marsh surface at high tide, most arc only using the
edge marshes (<3 m into the marsh). This is not
to say that these interior marshes are not impor-
tant to the survival of transient ‘‘estuarine-depen-
dent” organisms. The importance of emergent
marshes as a source of detritus for detrital-based
food chains is well documented (e.g., Darnell
1958, 1961, 1967; Harrington and Harrington
1961; Day ct al. 1973; Deegan and Thompson
1985). The small resident fishes and grass shrimp
that utilize the interior marshes provide a very im-
portant food source for larger estuarine-transient
carnivores (c.g., spotted scatrout and red drun),
especially in the fall and winter when cold fronts
cause extremely low tides forcing these forage spe-
cics into open waters. Furthermore, we did not de-
termine the relative value of the marsh interior vs
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the edge for its use as a refuge or food source for
organisms smaller than caught by the nets (3-mm
mesh). Further, we mecasured biomass and num-
bers, not growth and predation rates. It is possible
that species rarcly found on the marsh surface are
nonctheless dependent on the marsh for a brief
period to sustain their populations. More impor-
tantly, the segregation of the marsh into spatial
parts that are morc or less important in terms of
fisheries production is premature, in our opinion.
Wetland-water couplings are complex. Knowledge
of fisheries habitat use is not complete without un-
derstanding of, for example, the evolutionary re-
lationships, predator-prey feeding networks, sedi-
ment resuspension and deposition, and microbial
interactions.

Because the vegetation is so dense on the natu-
ral levee and the water depth, even at the highest
levels sampled, never exceeded 25-30 cm, it is like-
ly that most fish entering this marsh from the creek
did not cross the natural levee and therefore were
not utilizing the interior marsh surface. Those fish
that arc using the interior marshes are marsh-res-
ident species that probably gain access through riv-
ulets, muskrat trails, and simall ponds and retreat
to these areas at low tide. The densities of these
marsh-resident species were probably underesti-
mated because flume walls restrict lateral move-
ment over the marsh and because several potholes
and muskrat trails within the flumes held water
and provided rcfuge for these fish at low tide
where they could avoid being captured in cod-cnd
nets. These marsh-resident species probably would
have been more effectively sampled with pit traps,
similar to those uscd in flume-weirs (Kneib 1991)
and lift nets (Rozas 1992a), placed in low areas
within the flumes.

A follow-up study is now in progress to compare
utilization of marshes with and without well-devel-
oped natural levees, and to sample higher salinity
marshes that are closer to the Gulf of Mexico and
have a greater depth, frequency, and duration of
flooding. This follow-up study is a test of the or-
ganism use of the edge vs the interior marshes us-
ing only two flume length treatments and using pit
traps within thesc flumes 1o more effective sample
the interior marshes.

Much cmphasis is being placed on marsh man-
agement and restoration projects in Louisiana as a
response to the rapid loss of marshes in Louisiana.
Most marsh management plans in opecration (or
proposed) involve alterations of the marsh hydrol-
ogy through impoundment or semi-impoundment
via levees and water-control structures. Levees
placed along a shorcline create obvious barriers to
the movement of fish or crustaccans between the
open-water and the marsh behind the levee. Water-
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control structures, such as fixed-crest weirs, have
been shown to create barriers to the transport of
estuarine-dependent fish and crustaceans that may
result in decrcased fishery productivity of the
marsh open-water arcas (Herke et al. 1992). Water-
control structures also tend to dampen the daily
tidal range in the marshes behind the structure
and it is not known what impact this change in
hydrology has on the usc of these marshes by fish
or on the overall productivity of the marsh. Besides
altering fish access to the marsh surface, a change
in the tidal regimc of the marsh may also effect
the export of primary (detritus) and sccondary
production from the marsh surface to the adjoin-
ing estuarine waters. Many economically important
estuarine-dependent species (shrimp, crabs, and
finfish) have adapted their feeding patterns to this
daily tidal pattern. A change in the hydrology of a
marsh could result in a change of the community
structure of organisms using that marsh. More in-
formation is needed on how fish utilization of
marsh habirats is influenced by different hydrolog-
ical regimes before we can begin to predict the full
impacts of marsh management on fisheries. This
type of information is also essential for planning
marsh creation or restoration projects, if the ob-
jective is to create a marsh that functions as a fish-
eries habitat. A wellvegetated marsh that is not
regularly inundated and not accessible to fishes
and invertebrates may look like a successful pro-
ject, but will not be as productive as a natural stable
or deteriorating deltaic marsh. The results of this
study (and others) suggest that man-made marshes
should be designed to maximize the edge habitat,
have a gradual sloping edge profile (minimize lev-
cc cffect), be well dissected by small drainage fea-
tures, and flood and drain on a regular tidal sched-
ule. In other words, man-made marshes should
mimic the natural marsh morphology and hydrol-

()gy.
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