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Abstract A fundamental question in ecology is how biolog-
ical interactions and biogeographic processes interact to
determine the biodiversity of local sites. We quantified
patterns of plant species diversity on transects across elevation
at 59 salt marsh sites in Georgia and 49 sites in Texas.
Although these regions have similar climates and floras, we
anticipated that diversity might differ because of differences in
tidal regime. Diversity was measured at global, regional, site,
and plot scales to consider processes occurring at all levels.
Species pools were similar between regions. Texas had greater
diversity at the site and plot scales, suggesting that processes
occurring at the site scale differed. The greater diversity of
Texas sites and plots was associated with wider distributions
of individual species across the marsh landscape and
proportionally more middle marsh (a high diversity zone)
and less low marsh (a low diversity zone) than in Georgia
marshes. Preliminary data suggested that these differences
were not due to differences in salinity regime or standing
biomass between regions, leaving differences in tidal regime
as the most plausible hypothesis accounting for differences in
plant diversity. We speculate that the less-predictable tidal
regime in Texas leads to temporal variation in abiotic con-
ditions that limit the ability of any one species to competi-
tively exclude others from particular marsh zones.
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Introduction

Ecologists have long been interested in understanding the
mechanisms that mediate patterns of biodiversity (MacArthur
1972; Huston 1994; Rosenzweig 1995). Despite a great deal
of attention, however, the causes of biological diversity
remain controversial (Abrams 1995; Oksanen 1996; Stevens
and Carson 2002), in part because different processes may be
important at different spatial scales.

Studies of diversity conducted at different scales have
yielded dramatically different results (Huston 1999; Mittelbach
et al. 2001), fostering debate over whether diversity of a target
community is determined by the species pool (Ricklefs 1987;
Zobel 1992; Gough et al. 1994) or by local processes such as
competition (Grime 1973; Tilman 1982). In general, the spe-
cies pool of an area is determined by biogeographic con-
straints and abiotic conditions such as climate that determine
which species are able to persist in a particular region. Biotic
interactions may then reduce, or occasionally expand, the
number of species predicted (based on their tolerances to
abiotic conditions) to occur in a local area (Gough et al. 1994;
Callaway and Walker 1997). Because the species pool sets the
upper limit of the number of species that can occur locally,
processes at both scales are ineluctably linked, and recent
studies have obtained a deeper understanding of diversity pat-
terns by studying them at a range of spatial scales (Pärtel et al.
1996; Harrison et al. 2006; Rajaniemi et al. 2006). In
particular, by comparing diversity patterns at multiple scales
and the contributions from one scale to the next, we can
determine the scale at which differences in diversity are
produced and thereby begin to infer the mechanisms re-
sponsible for mediating different patterns of diversity under
different conditions.

In this study, we compare plant diversity in salt marshes of
Georgia and Texas. The Southeast Atlantic and Gulf Coasts of

Estuaries and Coasts (2008) 31:673–681
DOI 10.1007/s12237-008-9058-3

A. E. Kunza : S. C. Pennings (*)
Department of Biology and Biochemistry, University of Houston,
Houston, TX 77204 USA
e-mail: spennings@uh.edu



the USA have similar climates, and their salt marsh floras
overlap considerably in composition. By comparing these two
geographic regions, we sought to focus on local diversity
patterns while minimizing differences in the size and species
composition of the species pool—factors that would confound
many geographic comparisons of diversity patterns in other
study systems.

There are many general abiotic influences shared between
Georgia and Texas. Coastal regions of both states have similar
temperature and rainfall patterns (Hargrove et al. 2006), and
salt marshes on both coasts are periodically inundated by the
tides. These general abiotic conditions create a similar plant
species pool in marshes of each geographic region (Duncan
and Duncan 1987). But while the patterns of plant diversity
and the factors mediating these patterns are relatively well
understood for marshes of the northern and southern Atlantic
Coast, few studies have examined plant diversity patterns in
the Gulf Coast marshes of Texas.

Atlantic Coast salt marshes have been well studied for
decades (Ganong 1903; Adams 1963; Chapman 1974). Plant
diversity patterns have been well documented in Rhode
Island, Georgia, and other Atlantic Coast locations (Bertness
and Ellison 1987; Hacker and Bertness 1999; Pennings et al.
2003, 2005). The dominant influence on vegetation pattern
in salt marshes is the gradient of waterlogging and salinity
created by tidal inundation (Adams 1963; Ewing 1983).
Atlantic Coast tides experience a regular, lunar, semi-diurnal
flooding schedule, with tidal amplitudes typically 2–3 m
from the low to high water mark. Edaphic conditions change
gradually with increasing elevation across the intertidal zone
(Wiegert and Freeman 1990), with highest elevations flooded
only at seasonal spring tides, middle elevations infrequently
flooded, and lowest elevations regularly flooded. Atlantic
Coast salt marshes have fairly discrete zones of vegetation
that form across the edaphic elevational gradient (Pennings
and Bertness 2001). Each plant species is limited to a portion
of this gradient, depending on its ability to tolerate abiotic
stress (Richards et al. 2005). Competitive dominants exclude
subordinates from favorable marsh zones, creating abrupt
transitions from one vegetation type to another, which defines
vegetation zones (Bertness and Ellison 1987; Bertness 1991a,
b; Bertness et al. 1992; Pennings and Moore 2001; Pennings
et al. 2005). At the same time, dense stands of vegetation
may ameliorate harsh abiotic conditions, thereby extending
the distribution of species sensitive to abiotic stress and
increasing local diversity (Bertness and Shumway 1993;
Hacker and Gaines 1997; Hacker and Bertness 1999).

The tidal regime in the Gulf Coast differs from that in
the Atlantic Coast. Diurnal tides in Texas are only 0.37–
0.52 m in amplitude (Zetler and Hansen 1970). These low-
amplitude astronomical tides are routinely overshadowed
by tidal forcing from meteorological conditions, such as
seasonally changing wind directions and summer tropical

storms (Eleuterius and Eleuterius 1979; Stout 1984; Wang
1997). The unpredictable flooding that results can cause
extended periods of waterlogged or exposed conditions.
Although Gulf Coast brackish marshes have been exten-
sively studied by Gough and Grace (Gough et al. 1994;
Gough and Grace 1997, 1998a,b, 1999), there are relatively
few studies of plant diversity patterns and the factors creating
these patterns in salt marshes on the Gulf Coast (Dunton et
al. 2001; Alexander and Dunton 2002; Forbes and Dunton
2006). Since the physical gradient created by the semi-
diurnal tides along the Atlantic Coast results in predictable
zones of vegetation, however, it is reasonable to hypothe-
size that the less regular diurnal tides in the Gulf could
result in less ordered and therefore more diverse vegetation
patterns.

The purpose of this study was to test the hypothesis that
diversity patterns would differ between salt marshes in
Georgia and Texas. By documenting any such differences,
we can begin to infer how the factors that create diversity
patterns may differ geographically. To gain more insight into
the processes producing differences in diversity patterns be-
tween the two regions, we examined diversity at four spatial
scales: global, regional, site, and plot. Although it was outside
the scope of this project to experimentally investigate all the
potential mechanisms that might mediate diversity patterns,
preliminary data suggested that variation in salinity or pro-
ductivity was unlikely to be causing geographic differences in
diversity, leaving geographic differences in flooding as themost
plausible hypothesis to explain observed differences.

Methods

Study Sites and Transect Sampling

We sampled 49 salt marsh sites in Texas and 59 in Georgia
(Fig. 1) in the late spring (April to May) and early summer
(June to July) of 2005, respectively. Because almost all of the
plants that occur in these salt marshes are perennials and the
few annuals that occur would have germinated early in the
year at these low latitudes, all plant species should have been
present throughout all four of these months. Sites included a
range of landscape positions such as mainland, back-barrier
hammock, and barrier island locations. All sites were
dominated by salt marsh plant species, and in particular, all
sites had abundant Spartina alterniflora; sites dominated by
freshwater or brackish marsh vegetation were avoided. The
salinity of the water column at the sites (a single measure-
ment in the nearest creek or bay on the date the site was
sampled) did not differ between the two regions [GA ¼
20� 1 SEð ÞPSU, TX ¼ 23� 1 PSU, P=0.11, t test]. Water
column salinities are variable over time, and a single mea-
surement is at best a crude indicator of long-term conditions;
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however, these measurements are consistent with our qua-
litative impression that we sampled similar types of sites in
both geographic regions. Datasets listing site geographic coor-
dinates, landscape positions, dates sampled, and species com-
position are available from the Georgia Coastal Ecosystems
LTER web site (http://gce-lter.marsci.uga.edu/lter/index.htm).

Plant diversity was documented along a single 5-m wide
transect at each site. Each transect began at the lower
elevational limit of vegetation (typically at the closest major
creek or channel to the upland; sometimes at an open bay if no
major creeks or channels were encountered) and continued
perpendicular to the water’s edge up to the shrub community at
the upper marsh border. At each 1-m interval along the
transect, we located a 1×5 m plot, with the long axis of the plot
parallel to the water’s edge and recorded each plant species
present in the plot. Each 1×5 m plot contained a single nested
1×1m subplot, with a single 0.5×0.5 subplot nested within the
1×1 m plot. Subplots were in the same relative location within
each 1×5 m plot. The terrestrial edge of these salt marshes was
dominated by a zone of shrubs (especiallyBorrichia frutescens
and Iva frutescens) with a fairly abrupt lower border. Mark-
edly stunted shrubs, however, occur at lower marsh eleva-
tions, usually in mixed stands (Bertness et al. 1992; Pennings
and Moore 2001). We continued sampling when we encoun-
tered stunted shrubs but stopped sampling when we encoun-
tered a full-size shrub in the 1×1 m subplot. Transects in GA
were somewhat longer than those in TX (122±14 vs. 85±
6 m, P=0.02, t test).

Because species richness is a crude measure of diversity,
we also visually scored the percent cover of each plant species

in each 0.5×0.5 m subplot into one of five cover ranges: less
than 5%, between 5% and 12%, between 12% and 25%,
between 25% and 50%, and greater than 50%. The midpoint
of each percent cover range was used to calculate the Shannon
diversity index and evenness.

Data Analysis

Species richness was determined at four spatial scales: (1)
the global pool (all species encountered in both regions),
(2) the regional pool (all species encountered within each state),
(3) the site pool (all species encountered at a site), and (4) the
plot (the average number of species in all 1.0×5.0 m plots
within a site). In addition to comparing richness values at each
scale, we calculated the contributions of each pool to the next
scale, e.g., the percent of species from the larger scale present at
the next lowest scale (Rajaniemi et al. 2006). Statistical com-
parisons were made using t tests except for the transition from
the global to the regional pools. In this case, significance was
assessed assuming a binomial distribution based on a mean
(68.5%) probability of a species from the global pool entering
the regional pool. We randomly generated 1,000,000 pairs of
regional pools and assessed the probability of getting a result
as extreme as the one we observed. Diversity indices were
compared among regions using two-sample t tests and among
zones within regions using analysis of variance (ANOVA). In
addition, to better understand patterns of species richness in
both regions, we compared the distributions of plot-level
species richness values (i.e., the number of plots with 1, 2,…n
species) between regions using a Kolmogorov–Smirnov test.

Fig. 1 Maps showing site locations in Texas (left) and Georgia (right). The Georgia coastline has extensive marsh complexes between the coastal
barrier islands and the mainland; both marshes and terrestrial habitats are shaded to distinguish them from open water
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To better understand species richness and diversity pat-
terns, we calculated the “amplitude” of each species at each
site. This was defined as the number of 1×5m plots in which a
species occurred divided by the transect length and is reported
as a proportion. We compared species amplitudes between
geographic regions for the 13 plant species that occurred in
both geographic regions at more than two sites. Data were
compared using two-sample t tests, with sites as the unit of
replication.

To determine whether differences in richness and diversity
between Georgia and Texas were due to differences in large-
scale marsh zonation patterns, we also calculated the amplitude
of three general marsh zones based on the composition of the
1×5 m plot: (1) the low marsh, which was defined by more
than 50% cover of S. alterniflora; (2) the high marsh, which
was defined by more than 50% cover of any combination of
the rush Juncus roemerianus or stunted shrubs B. frutescens,
I. frutescens, and L. carolinianum; and (3) the middle marsh,
which was defined as whatever was not low or high marsh,
and was typically dominated by the succulents Batis maritima
and Salicornia virginica. For species and zone amplitudes,
sites from which a species or zone was totally absent were
not included in calculations. Amplitude proportions were
arcsin (square root) transformed before analysis to improve
normality. Data were compared using two-sample t tests, with
sites as the unit of replication. Comparisons of zones within
regions were done using ANOVA, followed by Kruskal–
Wallis nonparametric means comparisons.

Results

At the largest scale examined, the global pool, we found 43
species (Table 1). Of these, 16 occurred in both regions. All
species are either commonly found in salt marshes (Duncan
and Duncan 1987) or are listed by the USDA as obligate or
facultative wetland species with some salinity tolerance
(http://plants.usda.gov/index.html). Rare species (those
found only at one site) accounted for over half (64%) of
the species exclusive to a single region.

Of the 43 species found in the global pool, similar numbers
(27–32) and percentages (63–74%) were found in each
regional pool (Fig. 2). Richness at the site and plot level,
however, was almost twice as high in Texas as in Georgia.
The contribution from the regional scale to the site scale
differed between regions, but a similar proportion of species
found at the site scale was found at the plot scale. These
results suggest that processes at the site scale were the most
important in determining differences in diversity patterns
between regions.

Examination of more detailed diversity indices supported
the conclusion that diversity at the plot scale was greater in
Texas than Georgia, despite greater evenness in Georgia
(Table 2). When diversity and evenness were broken down
by marsh zone, Texas marshes tended to be more diverse
(not significant for the middle marsh zone) but less even.
The high evenness of Georgia marshes was in part driven by
the high frequency (over 60%) of plots with only one species

Table 1 All plant species encountered

Species found only in Georgia Shared species Species found only in Texas

Baccharis halimifolia Symphyotrichum tenuifolium
(=Aster tenuifolius)

Cuscuta indecora

Fibristylis castanaea Batis maritima Lycium carolinianum
Spartina cynosuroides Borrichia frutescens Rayjacksonia phyllocephala

(=Machaeranthera phyllocephala)
Unknown Poaceae Cynanchum angustifolium Monanthochloe littoralis

Distichlis spicata Sabatia arenicola
Iva frutescens

Juncus sp.a Juncus roemerianus Agalinis maritimaa

Lilaeopsis chinensisa Limonium carolinianum Aster sp.a

Schoenoplectus americanus
(=Scirpus americanusa)

Salicornia bigelovii Avicennia germinansa

Solidago sempervirensa Salicornia virginica Eustoma exaltatuma

Spartina bakeria Schoenoplectus robustus (=Scirpus robustus) Helianthus annuus.a

Unidentified 1a Spartina alterniflora Opuntia humifusaa

Unidentified 2a Sporobolus virginicus Sesuvium portulacastruma

Spartina patens Unidentified 1a

Spartina spartinae Unidentified 2a

Suaeda linearis Unidentified 3a

Unidentified 4a

Eleven species occurred only in Georgia, 16 only in Texas, and 16 species were shared, for a global pool of 43. Synonyms for some species are
given in parentheses.
a Rare species, defined as those species occurring at only one site, are listed at the bottom of the Georgia and Texas columns.
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present. In contrast, individual plots in Texas were most likely
to have three species present, and plots with one, two, three, or
four species all occurred at roughly similar frequencies (the
distributions of plot-level species richness values differed
between regions, Kolmogorov–Smirnov test, P<0.0001).

S. alterniflora had the greatest species amplitude in both
regions, extending over 50% of the horizontal extent of the
marsh (Fig. 3). Six species that commonly occur in mixed
stands (Symphyotrichum tenuifolium, B. frutescens, B.
maritima, Distichlis spicata, I. frutescens, and Salicornia
biglovii) had greater amplitudes in Texas than Georgia. Two
species that commonly occur in monospecific stands (J.

roemerianus and S. alterniflora) had greater amplitudes in
Georgia than Texas.

In both regions, the low marsh zone had the greatest
amplitude, accounting for more than 50% of the total
horizontal extent of the marsh (Fig. 4a). The amplitude of
the low marsh was greater in Georgia than Texas, but the
amplitude of the middle marsh zone was greater in Texas
than Georgia. The low marsh zone had the lowest species
richness in both regions (Fig. 4b). Species richness of all
zones tended to be greater in Texas, and this difference was
significant in the low and high marsh zones.

Discussion

Our general understanding of diversity patterns in salt marshes
is heavily influenced by studies of plant zonation conducted in
regularly flooded salt marshes of the Atlantic Coast of the
USA (Bertness and Ellison 1987; Bertness 1991a,b; Hacker
and Gaines 1997; Pennings and Moore 2001; Pennings et al.
2005). On the Atlantic Coast, the combination of predictable
physical conditions created by semi-diurnal tidal inundation
and interactions among plant species forms distinct zones of
vegetation (Brewer et al. 1997; Hacker and Bertness 1999;
Pennings and Bertness 2001). Because salt marsh plant
communities of the Gulf Coast have been much less studied,
it is not known to what extent similar processes are ope-
rating. A useful way to study diversity patterns is to consider
how diversity changes within a set of nested scales (Pärtel et
al. 1996). A variety of processes reduce diversity from larger
to smaller scales (Rajaniemi et al. 2006), and by examining
these changes, we can gain insight into which processes are
“filtering” species at each spatial scale. Below, we compare
diversity patterns between Georgia and Texas salt marshes at
four spatial scales and discuss possible mechanisms respon-
sible for observed differences.

The largest scale examined in this study, the global pool,
included all species capable of existing in either region (Pärtel
et al. 1996). Because we sampled only in salt marshes, the
global pool was limited by wetland conditions, such as
flooding and salinity, that are stressful to most plant species.

Plot average (P<0.01)

Global Pool
43

Georgia
27

Texas
32

Site
5.83

Site
9.35

63% 74%

Plot
1.67

Plot
2.85

22%

33%

30%

31%

P>0.20*

P<0.01

P=0.42

Site Pools (P<0.01)

First filter

Second filter

Third filter

Regional Pools

Fig. 2 Filter model comparing richness between the two geographic
regions at four spatial scales. Richness values are given within boxes.
Contributions of species from larger scales through “filters” to lower
scales are given as percentages. Statistical comparisons were made
using t tests except where indicated by an asterisk. In this case,
significance was assessed assuming a binomial distribution based on a
mean (68.5%) probability of a species from the global pool entering
the regional pool. Generated species pools (n=1,000,000) indicate a
greater than 20% chance that the regional pool would deviate from the
mean (29.5) by less than six species; therefore, the regional pools
found in this study are well within the range one would expect by
chance

Table 2 Diversity (Shannon index) and evenness for Georgia and Texas sites

Site Low marsh Middle marsh High marsh

Diversity Evenness Diversity Evenness Diversity Evenness Diversity Evenness

Georgia 0.17 0.90 0.15 0.92 0.40 0.80 0.41 0.82
Texas 0.47 0.76 0.37 0.79 0.51 0.74 0.83 0.73
P value <0.001 <0.001 <0.001 <0.001 0.10 0.04 <0.001 0.002

Calculations were made at the level of the whole site and broken down by zones. Data were compared between geographic regions with two-
sample t-tests.
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As a result, the global pool was exclusively composed of
halophytic plants and, despite representing a large geographic
area, was small compared to that of other ecosystems such as
forests or grasslands.

Regional climate patterns and dispersal barriers act as a
biogeographic filter that prevents some species found in the
global pool from occurring at the regional scale (Rajaniemi et
al. 2006). In this study, effects of the regional filter were
modest (removing about one third of the global pool) and
similar between regions, leading to regional pools of similar
sizes. Although coastal Texas and coastal Georgia have
similar climates (Hargrove et al. 2006), USDA databases
(http://plants.usda.gov/index.html) confirm that some of the
species encountered have geographic ranges that do not
include both regions. For example, of the 16 species we
found only in Texas, at least eight have not been recorded
near the Georgia sites. Similarly, of the 11 species we found
only in Georgia, two (Spartina bakeri and Schoenoplectus
americanus) have not been recorded near the Texas sites. In
other cases, a lack of overlap between regional pools was
more likely due to incomplete sampling of less common
species. For example, one of the rare species encountered
only in Texas, Opuntia humifusa, does occur in Georgia but
was simply not encountered during our sampling. Similarly,
of the species encountered only in Georgia, at least three
(Baccharis halimifolia, Solidago sempervirens, and Spartina
cynosuroides) occur in Texas but were not encountered
during our sampling. In sum, when comparing Georgia and
Texas marshes, we see some effects of a biogeographic
climate/dispersal filter, but in general, the floras were quite

similar in richness and composition, especially when the rare
species were not considered.

The local abiotic environment acts as a filter that prevents
some of the species found in the regional pool from occurring at
particular sites (Rajaniemi et al. 2006). This filter was strong in
both regions, but especially in Georgia, where only 22% of
species from the regional pool were found at any particular
site. The flora of any particular salt marsh site can be quite
variable (Jacobson and Jacobson 1989). Steep gradients in
salinity and waterlogging that are characteristic of salt marshes
vary in intensity from site to site and can mediate which
species are present. Because we deliberately sampled a range
of sites that might be expected to vary environmentally, it is
not surprising that only amodest proportion of the regional pool
was present at any one site. The fact that a smaller proportion of
the regional pool was found at Georgia than Texas sites could
indicate that we sampled sites representing a wider range of
abiotic conditions in Georgia than in Texas. Because we limited
our study to sites dominated by salt marsh vegetation, because
average water column salinity levels were similar between
regions, and because regional species pools were similar
between regions, we consider this possibility unlikely. It is
theoretically possible, however, that sites in Georgia varied
more than sites in Texas in ways (e.g., soil composition and
nutrient levels) that we were not aware of. An alternative
hypothesis that we discuss in detail below is that temporally
variable conditions at Texas sites limited competitive exclusion,
thereby increasing site-scale species richness.

Although we did not formally evaluate an “elevational
filter” because we determined zone borders based on
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vegetation rather than independent abiotic variables, the
general patterns of diversity across elevation were consistent
with past research (Brewer et al. 1997; Hacker and Bertness
1999). In particular, we found low species richness in the
low marsh, where flooding creates stressful physical con-
ditions associated with waterlogging (Ponnamperuma 1972),
and high diversity in the high marsh zone, which experiences
relatively infrequent flooding. The low marsh had greater
amplitude in Georgia than in Texas, suggesting either that the
hypsometry of marshes in the two regions varied or that low
elevations in Texas marshes are not as consistently stressful
as in Georgia (see below).

Ecologists have long argued that plant biomass, which
drives competitive exclusion, can limit diversity at local scales
(Grime 1973; Tilman 1982; Rajaniemi et al. 2006). Thus,
one possible explanation for greater diversity in Texas at the
plot scale would be that biomass of Texas marshes, and
hence the intensity of competition, was less than in Georgia
marshes. Preliminary sampling, however (Kunza, unpublished
data), suggested that standing biomass in Texas marshes was

greater than or equal to that in Georgia marshes when stand-
ardized by marsh zone (Turner 1976); therefore, we consider
this possibility unlikely. Moreover, although plot-scale diver-
sity was greater in Texas than Georgia, contributions of
species from the site to the plot scale were similar between
regions (removing about two thirds of the site pool),
suggesting that diversity differences between regions are not
primarily determined at the plot scale.

An alternate possibility is that the mechanisms producing
plant zonation patterns, and hence also patterns of zone
amplitude (which are defined here by vegetation) and zonal
diversity, differed between regions. Where a plant species
occurs in a salt marsh is determined by an interaction between
physical stress and biological interactions (Snow and Vince
1984; Bertness and Ellison 1987; Pennings and Callaway
1992). Each species has a range of physical conditions that it
can tolerate, and biological interactions commonly exclude it
from part of this range or, in some cases, facilitate its presence
outside this range. How much of the marsh is included within
the realized range of a species (the species amplitude) is
therefore determined in large part by the hydrological regime
of the marsh because the primary physical stressors (water-
logging, salinity, sulfides, etc.) are driven primarily by tidal
flooding. Given that tidal flooding is more variable in Texas
than in Georgia, we speculate below that the more variable
flooding regime reduces species loss due to physical stress or
competition, leading to higher site and plot richness.

The low marsh zone of both regions was dominated by
S. alterniflora, which is more resistant to extended flooding
with sea water than other salt marsh plants (Bertness and
Ellison 1987; Bertness 1991b; Crain et al. 2004). On the
Atlantic Coast, low marsh zones are composed primarily of
monospecific stands of S. alterniflora because other plant
species cannot tolerate regular flooding. In contrast, the low
zone of Texas marshes commonly consisted of a mixture of
S. alterniflora and one or two other species, perhaps indi-
cating that Texas marshes are flooded less regularly, stressful
conditions occur for shorter periods of time, and additional
plant species are able to persist in the low zone.

Almost all salt marsh plant species are capable of living in
the infrequently flooded high marsh. In Atlantic Coast salt
marshes, however, competition from high-marsh dominants
commonly excludes other species, resulting in low diversity
(Brewer et al. 1997; Hacker and Bertness 1999; Pennings et
al. 2003). On the southeast Atlantic Coast, many high-
marshes zones are composed of almost monospecific stands
of J. roemerianus (Wiegert and Freeman 1990). J. roemer-
ianus dominates these low-stress habitats because it is a su-
perior competitor that excludes other species (Pennings et al.
2005). J. roemerianus had a lower amplitude in Texas than
Georgia, likely because the irregular flooding schedule in
Texas creates occasional periods when high marshes dry out
and become highly hypersaline, creating stressful conditions
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that J. roemerianus, which is stunted at salinities > 45 PSU
(Eleuterius 1989), is unable to tolerate (Pennings et al. 2005).
Occasional periods of hypersaline conditions could also
explain the greater amplitude of the mid-marsh zone in Texas
because this zone is dominated by succulents that are tolerant
of a wide range of abiotic conditions (Richards et al. 2005).

Ecologists have long speculated that, in temporally variable
environments, temporal variation in abiotic conditions may
prevent competition from reducing local diversity (Hutchinson
1959). Fluctuating conditions can favor first one species, then
another, allowing no single species to dominate over time and
competitively exclude others. We speculate that the more
variable tidal regime in Texas, which can cause marshes to
cycle among periods of high salt stress due to evaporation
during extended low tides, low salinity following heavy rains,
and waterlogging during extended high tides, does not
consistently favor any single species in any particular zone
and thereby leads to greater species amplitudes and higher
diversity in Texas than in Georgia. A similar argument has
been applied to explain weak zonation patterns in irregularly
flooded salt marshes in Brazil (Costa et al. 2003). Rigorously
evaluating this argument for Texas versus Georgia marshes
would require time series of abiotic conditions coupled with
measurements of competition intensity at replicate sites in
both geographic regions. Conducting such experiments was
outside the scope of this project but is a long-term goal of
our laboratory.

Whatever the factors responsible for differences in site and
plot-scale diversity between Texas and Georgia sites, the fact
that differences exist suggests that plant communities in the
two regions are structured differently. Managers of Gulf Coast
marshes should not assume that paradigms developed from
studies conducted on the Atlantic Coast will automatically ap-
ply to Gulf Coast marshes but should critically evaluate these
paradigms before applying them to local management issues.
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