
 

Published by the Marine Environmental 
Sciences Consortium of Alabama 

An International Journal 

Mesohaline Submerged Aquatic Vegetation Survey Along the U.S. Gulf of
Mexico Coast, 2001 and 2002: A Salinity Gradient Approach

JOY H. MERINO, JACOBY CARTER, AND SERGIO L. MERINO





Mesohaline Submerged Aquatic Vegetation Survey Along the U.S. Gulf of
Mexico Coast, 2001 and 2002: A Salinity Gradient Approach

JOY H. MERINO, JACOBY CARTER, AND SERGIO L. MERINO

Distribution of marine submerged aquatic vegetation (SAV; i.e., seagrass) in the

northern Gulf of Mexico coast has been documented, but there are nonmarine

submersed or SAV species occurring in estuarine salinities that have not been

extensively reported. We sampled 276 SAV beds along the gulf coast in Florida,

Alabama, Mississippi, Louisiana, and Texas in 2001 and 2002 in oligohaline to

polyhaline (0 to 36 parts per thousand) waters to determine estuarine SAV species

distribution and identify mesohaline SAV communities. A total of 20 SAV and algal

species was identified and habitat characteristics such as salinity, water depth, pH,

conductivity, turbidity, dissolved oxygen, and sediment composition were collected.

Fourteen SAV species occurred two or more times in our samples. The most frequently

occurring species was Ruppia maritima L. (n = 148), occurring in over half of SAV beds

sampled. Eleocharis sp. (n = 47), characterized with an emergent rather than

submerged growth form, was a common genus in the SAV beds sampled. A common

marine species was Halodule wrightii Asch. (n = 36). Nonindigenous species

Myriophyllum spicatum L. (n = 31) and Hydrilla verticillata (L. f.) Royle (n = 6) were

present only in oligohaline water. Analyzing species occurrence and environmental

characteristics using canonical correspondence and two-way indicator species analysis,

we identify five species assemblages distinguished primarily by salinity and depth. Our

survey increases awareness of nonmarine SAV as a natural resource in the gulf, and

provides baseline data for future research.

Submerged aquatic vegetation (SAV) provides
food for waterfowl (Baldassarre and Bolen,

1994) and habitat for fish and decapods (Minello
et al., 2003). SAV also affects nutrient cycling,
water flow, and hosts epiphytic algae communi-
ties (Hemminga and Duarte, 2000).

Although most coastal habitats are in decline
(e.g., La Roe et al., 1995; Duarte et al., 2008),
SAV receives less attention in science and media
correspondence than other coastal habitats, such
as coral reef and marsh (Duarte et al., 2008). The
lack of attention to SAV is concurrent with a
limited identification of the resource.

The distribution and occurrence of all SAV
species is not widely reported across the north-
ern Gulf of Mexico. Handley (1995) reported
that over the last 50 yr in the northern gulf
seagrasses, marine SAV restricted to areas where
salinities average greater than 15 parts per
thousand (ppt), have lost 20% to 100% of their
habitat, and surveys of specific estuaries have
been conducted to determine the status of SAV
along the gulf coast [Adair et al., 1994; Barry
Vittor and Associates, Inc. (BAVA), 2004].
Remote sensing by aerial photography has been
the most common method for mapping SAV
(McKenzie et al., 2001). It is often collected
without regard to salinity (Duke and Kroczynki,
1992; Handley, 1995; BAVA, 2004; Handley et al.,

2007) so the range of salinities included in
estimation of the SAV resource are unreported.
The method is less effective in the mesohaline
environment (5 to 20 ppt) than in clearer saline
and fresh waters (Iverson and Bittaker, 1986)
due to the more patchy distribution of SAV than
seagrasses, and higher turbidity of their habitat
than seagrass habitats (Handley et al., 2007).

Shifts in SAV distribution or abundance can
indicate ecological changes. Distribution of SAV
in coastal communities is sensitive to changes in
water quality (Dennison et al., 1993; Stankelis et
al., 2003), but it has been underutilized as a
biological indicator (Orth et al., 2006). Docu-
menting the distribution of SAV is an important
first step in consideration of human impacts to
the SAV resource, such as in ecological impact
statements prepared for National Environmental
Protection Act compliance, and may prove useful
in developing habitat change prediction models.

In a previous study, we (Carter et al., 2009)
attempted to document the species composition
and distribution of SAV occurring in mesohaline
waters in gulf estuaries, and document environ-
mental conditions where those SAV occur. The
results were to be used in the development of an
SAV climate change model. In 2000, we sampled
areas with historical summer average salinities in
the mesohaline range of interest, but found that
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less than 2% (5 of 217) of sites were mesohaline,
whereas 95% of sites had salinities above 20 ppt,
and 73% of all SAV beds were composed of the
seagrass Halodule wrightii Asch.

In this study, we conducted a survey to
determine SAV community composition in me-
sohaline waters of the northern Gulf of Mexico
using discrete salinity gradients. This informa-
tion can be used as a baseline for future surveys
to determine distribution trends in SAV species
distribution in gulf estuaries, and to increase
awareness of the mesohaline SAV resource.

MATERIALS AND METHODS

We surveyed SAV in coastal estuaries along the
gulf from Anclote Key, FL (28u109N 82u499W) to
Laguna Madre, TX (26u209N 97u199W). Geomor-
phology of the gulf coast varies from sand
beaches to mud marshes and was previously
reviewed by Turner (2001). Tidal amplitudes in
the gulf are less than 1 m (Turner, 2001) with a
mean tidal range approximately 0.5 m in the
northern gulf (Orlando et al., 1993). Several
rivers and springs create the diversity of estuary
size. Some estuaries have extensive barrier island
systems such as Apalachicola Bay, FL. Others
have no offshore barriers, such as the Big Bend,
FL area (Mattson, 1999) where rivers, creeks, and
marshes grade directly into the gulf. We selected
32 estuaries for survey using a stratified random
design based on U.S. Geological Survey (USGS)
hydrologic units (Seabar et al., 1987) to provide
a sample of major estuaries across the northern
gulf coast (Fig. 1). Because of time constraints,

we could not sample all estuaries in the same
year. Estuaries east of Louisiana were sampled in
June and July of 2001, whereas Louisiana and
Texas estuaries were sampled in June and July of
2002. Researchers were the same both years and
used a work rotation schedule so survey methods
and data collection were consistent. Three
researchers were in the field at all times, one
researcher changing each week.

We located the following salinity ranges in each
estuary: 0 to 5 ppt, 6 to 10 ppt, 11 to 15 ppt, and
. 16 ppt. These arbitrary salinity ranges reflected
the full range of salinities within the estuaries,
including our target mesohaline (5 to 20 ppt)
environment. We initiated the survey at either the
saline or fresh end of an estuary and continuously
sampled salinities from the boat toward the
opposite (fresh or saline) direction using a
handheld salinity meter. This direction was depen-
dent on the location of boat launches within an
estuary. Except in unsafe weather conditions, such
as lightning or high wind, surveys were conducted
regardless of weather or tide. When water was too
low for a standard boat, an airboat was used.

We attempted to locate a minimum of three
SAV beds visually (in clear water) or by rake (in
turbid water) within each salinity range for a
maximum potential of 384 beds. We defined a
bed as rooted vegetation within a square meter
area having a minimum of 50% coverage. By
recording within these arbitrary salinity ranges,
we ensured that data would reflect our target
mesohaline environment.

Sampled SAV beds were a minimum of 100 m
apart. If more than three beds were found in each

Fig. 1. Presence/absence of 14 submerged aquatic vegetation species in June and July of 2001 and 2002 are
indicated by estuary along the U.S. Gulf of Mexico coast. Black boxes indicate presence. White boxes indicate that
the species was not found at the beds sampled. N represents the total number of beds sampled at each estuary.

10 GULF OF MEXICO SCIENCE, 2009, VOL. 27(1)



range, we sampled three SAV beds with represen-
tative size, species composition, health, and any
other observable characteristics to other beds
observed in the area. Locating SAV in clear water
and determining three representative samples did
not require the same effort as in turbid water. We
searched the extent of each salinity range a
minimum of 1 hr, excluding sample collection
time. We would search an additional hour before
determining that no SAV was present, or no other
beds were present. The location of each sample
was recorded with a handheld global positioning
system. We recorded and identified the genera of
all aquatic macrophytes (SAV and algae) present
within the sampled bed. Plants were identified to
species if possible, using the U.S. Department of
Agriculture PLANTS database naming standards
(USDA, 2006), Stutzenbaker (1999), and Godfrey
and Wooten (1979). If no macrophytes were
present in a salinity range, no data were recorded.
We collected one sample of each species present
for use as herbarium specimens. Samples were
gathered by hand, rake, or sediment corer. USGS
National Wetlands Research Center herbarium
specimen collections were used to verify initial
species identifications, with the exception that
algal collections were identified by Dr. Fredricq,
University of Louisiana, Lafayette, LA. Algal
species were not used in analyses.

Environmental data were recorded for each
bed [pH, salinity, temperature, turbidity, dis-
solved oxygen (DO), and depth] for future use
in developing a model to predict the effect of
global climate change in estuaries. We used a
Yellow Springs Instruments-85 for salinity, con-
ductivity, temperature, and DO; a Hanna Instru-
ments (HI) 9025 for pH; and HI 93703 for
turbidity. Depth was collected using a pipe or
rake marked in 5-cm increments.

Species of SAV, which occurred in more than
2% of the 276 beds, were analyzed using two-way
indicator species analysis (TWINSPAN) and
canonical correspondence analysis (CCA, PC
ORD version 4.2) with the default settings of
the CCA program. We selected TWINSPAN to
examine how species co-occurred, because only
presence/absence data are needed. We used
CCA to describe how species occurrence differed
along the environments we encountered (e.g.,
depth gradients). Geographic locations (i.e.,
estuaries or site scores) were not used in the
CCA, because we were not interested in how
estuaries differed. Environmental variables were
not averaged. Because of missing values in one or
more of the variables, 229 sites were used in the
CCA, whereas 249 were used in TWINSPAN.
Using this analysis, we could examine how
species align along the natural environmental

gradients regardless of their geographic (estu-
ary) location, and determine which environmen-
tal factors should be considered first in develop-
ment of an SAV response model.

The CCA is a direct gradient analysis that pairs
a matrix of sample units and species with a
matrix of sample units and environmental
variables (ter Braak, 1986; McCune and Grace,
2002). Species positions relative to environmen-
tal axes illustrate relationships between species
and environmental variables (McCune and
Grace, 2002). In a CCA plot, the length of an
environmental line indicates its importance
relative to other environmental variables, and
the direction of the line indicates how well the
variable is correlated with the species. Angles
between lines indicate correlations between
environmental variables. For example, a 180u
angle between variables indicates that they are
negatively correlated to each other. The location

TABLE 1. Estuaries surveyed for submerged aquatic
vegetation in June and July of 2001 and 2002 are listed

in order from west to east.

Location on Figure 1 Estuary name

1 Laguna Atascosa, Texas
2 Nueces estuary, Texas
3 St. Charles Bay, Texas
4 Lavaca River, Texas
5 Cedar Lake Creek, Texas
6 East Bay/Oyster Bayou, Texas
7 Mermentau River, Louisiana
8 Bayou du Large, Louisiana
9 Barataria Bay, Louisiana
10 Breton Sound, Louisiana
11 Bay St. Louis, Mississippi
12 Biloxi Bay, Mississippi
13 Pascagoula River, Alabama
14 Grand Bay, Alabama
15 Mobile Bay, Alabama
16 Perdido Bay, Florida
17 Escambia Bay, Florida
18 Choctawhatchee Bay, Florida
19 West Bay, Florida
20 St. Andrew Bay, Florida
21 Apalachicola Bay, Florida
22 Carrabelle River, Florida
23 Ochlockonee River, Florida
24 St. Marks River, Florida
25 Aucilla River, Florida
26 Ecofina River, Florida
27 Steinhatchee River, Florida
28 Suwannee River, Florida
29 Waccasassa River, Florida
30 Withlocoochee River, Florida
31 Chassahowitzka River, Florida
32 Anclote River, Florida
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of species relative to the lines indicated the
environmental preference of each species.

RESULTS

We sampled 276 SAV beds among 32 estuaries
in 2001 and 2002 (Table 1). The number of
estuaries and SAV beds sampled respectively by
state were: Texas 6, 42; Louisiana 4, 30;
Mississippi 2, 28; Alabama 3, 6; and Florida 17,
170. A total of 20 species was identified. The
average species richness across estuaries was 3.5
species, ranging from seven species in Breton
Sound, LA, St. Andrew Bay, FL, and Chassaho-
witzka River, FL to one species in Cedar Lake
Creek, TX (Fig. 1). Fourteen nonalgal SAV
species occurred two or more times in our
samples. The most frequently occurring species
was Ruppia maritima (n 5 148), occurring in over

half of SAV beds sampled and found in salinities
ranging from 0.2 ppt to 26.7 ppt (mean 5

8.3 ppt, Table 2). The next most common
species were Eleocharis sp. (n 5 47) and H.
wrightii (n 5 36). The nonindigenous species
Myriophyllum spicatum (n 5 31) and Hydrilla
verticillata (n 5 6) were also collected. Vallisneria
americana (n 5 19), Sagittaria sp. (n 5 17),
Potamogeton sp. (n 5 14), Najas guadalupensis (n
5 12), Ceratophyllum demersum (n 5 11), Halo-
phila engelmannii Asch. (n 5 11), Syringodium
filiforme (n 5 3), Heteranthera sp. (n 5 2), and
Thalassia testudinum Banks & Sol. Ex Koenig (n 5

2) were also found. Thalassia testudinum, S.
filiforme, and H. wrightii were all found at mean
salinities above 15.8 ppt, whereas remaining
macrophytes were found at mean salinities below
5.8 ppt. Algal species identified were Ulva lactuca
(n 5 15), Lyngbya sp. (n 5 11), Enteromorpha

Fig. 2. Two-way indicator species analysis (TWINSPAN) on 11 submerged aquatic vegetation species at sites
sampled along the U.S. Gulf of Mexico showing six species assemblages. Species with asterisks were present in less
than 2% of sites.
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intestinalis (n 5 9), Acetabularia sp. (n 5 3),
Cladophora liniformis (n 5 4), and Chara sp.
(n 5 2).

Ruppia maritima was found three times more
often than any other species (Table 2) and was
present from turbid (mud bottom) waters to
clear (sand and rock bottom) waters. Ruppia
maritima was collected in 25 of the 32 estuaries
sampled (Fig. 1). Syringodium filiforme and T.
testudinum were collected only in eastern gulf
estuaries, whereas R. maritima, Potamogeton L.,

and Eleocharis sp. were collected across the
northern gulf.

The TWINSPAN identifies six species assem-
blages (Fig. 2). The iterations first divide N.
guadalupensis, Eleocharis sp., and Sagittaria sp.
from other species, then Halodule wrightii, Halo-
phila engelmannii, T. testudinum, R. maritima, and
Ceratophyllum demersum from those remaining.
Ruppia maritima and C. demersum are grouped
and Potamogeton sp. separates in the fifth division.
The sixth and final division isolates Hydrilla
verticillata (Fig. 2).

The CCA includes 11 species as the main
matrix, and six environmental variables as the
second matrix. In order of association, the
variables most strongly associated with axis 1 are
salinity, depth, and pH. Variables associated with
axis 2 are depth and (negative) salinity, and those
with axis 3 (negative) DO and (negative) turbidity
(Table 3). However, the CCA only indicates that
14.8% of the variance in the data is explained by
the three species composition axes.

Plots of CCA results show a clear separation of
seagrass and other SAV species. Ruppia maritima
is near the center of the environmental variables
origin. The plotted results show salinity and
depth as corresponding environmental variables
more strongly associated with species distribu-
tion than other environmental variables analyzed
(Fig. 3). Hydrilla verticillata and R. maritima occur
midway along the salinity axis, indicating meso-
haline environment; however, the analysis in-
cludes an outlying high salinity for H. verticillata
(Fig. 4). We therefore provide further descrip-
tion of salinity and depth characteristics below.

TABLE 3. Axis summary statistics of canonical
correspondence analysis (CCA) on 11 submerged
aquatic vegetation species and six environmental
variables in 226 samples along the U.S. Gulf of Mexico.

Axis 1 Axis 2 Axis 3

Eigenvalue 0.418 0.225 0.092
Variance in species data

% of variance explained 8.4 4.5 1.9
Cumulative % explained 8.4 12.9 14.8

Pearson correlation, spp-envt* 0.73 0.53 0.409
Kendall (rank) correlation,

spp-envt 0.495 0.336 0.241
Correlations**

Disolved oxygen (DO) 20.049 0.234 20.709
Temperature 0.173 20.336 20.198
Salinity 0.855 20.421 20.081
Depth 0.629 0.678 0.239
pH 0.362 0.252 0.35
Turbidity 20.119 20.009 20.629

* Correlation between sample scores for an axis derived from the
species.

** Correlations are ‘‘intraset correlations’’ of ter Braak (1986).

Fig. 3. Canonical correspondence analysis (CCA) results of submerged aquatic vegetation survey in northern
Gulf of Mexico coast estuaries with final scores of 11 species overlain on a biplot of six environmental variables.
Gray circles indicate five communities the authors interpret from the results.
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Submerged aquatic vegetation occurred across a
range of salinities (Fig. 4). The mean salinity of
sites where R. maritima occurred was 8 ppt.
Seagrasses (Halophila engelmannii, Halodule wrightii,
S. filiforme, and T. testudinum) occurred in more
saline waters. With the exception of Eleocharis sp.
(5.8 ppt), the mean salinity at which all other
species occurred was equal to or below 5 ppt.

Species occurred at depths ranging from 5 cm
to 120 cm (Table 2). Ruppia maritima occurred
across the widest range of depths (10 cm to
120 cm) (Fig. 5). We noticed seagrasses and
Hhdrilla verticillata on average occurred in waters
deeper than other SAV. Eleocharis sp. and Sagit-

taria sp. L., emergent species that tolerate
submergence, occurred at depths averaging
around 20 cm. We observed H. verticillata mostly
in low-salinity waters of three Florida estuaries.
Another nonindigenous species, M. spicatum, was
observed in our survey more frequently than H.
verticillata. Myriophyllum spicatum was found in
estuaries of Louisiana and Florida. The species co-
occurred with H. verticillata in Florida estuaries.

Turbidity negatively corresponded with depth
and pH (Table 3; Fig. 3) and ranged from 0.4
nephelometric turbidity units (NTU) to 280
NTU (Table 2; Fig. 6). Ruppia maritima was
located in the most turbid sites, though Heteran-

Fig. 4. Salinities at sites where submerged aquatic vegetation species were collected during a survey of the
northern Gulf of Mexico coast estuaries. The gray bar represents mesohaline conditions (5 to 20 ppt). Open
circles represent individual samples; closed circles represent mean, and bars represent 1 SE.
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thra sp. occurrences had the highest mean
turbidity (Fig. 6). The highest turbidities, greater
than 100 NTU, were recorded in St. Charles Bay,
TX; Cedar Lake Creek, TX; and Biloxi Bay, MS.

DISCUSSION

Our survey included salinities from oligoha-
line to polyhaline as a method to document SAV
occurrence along and within the shifting meso-
haline zone. We documented the presence and
distribution of nonseagrass SAV to gain recogni-
tion of this resource and its changing environ-
ment, and provide a supplement to existing SAV
resource estimates (e.g., Handley et al., 2007).
Subsequent collection of species abundance is
needed to quantify the resource.

The CCA separates seagrass (marine SAV)
from freshwater-tolerant SAV and then distin-
guishes by depth. Although the CCA did not
explain 85% of the variance in species we

sampled, our sampling was adequate to deter-
mine that salinity and depth are the primary
variables discerning SAV species composition for
SAV in the northern gulf, and salinity and depth
are therefore the variables to incorporate in
development of a future climate change model.
The large variance shows that sampling was not
adequate to determine environmental relation-
ships among species.

Our goal was to identify mesohaline SAV
communities and we found one predominant
species, R. maritima. The location of R. maritima
near the origin of the environmental variables in
the CCA results from the frequent occurrence of
the species across a wide range of environmental
conditions. The species occurred from oligoha-
line to polyhaline waters and is known to occur
in a wide range of salinities (Kantrud, 1991). The
CCA weights species infrequently sampled (Faith
et al., 1987; Minchin, 1987), and therefore
balances those species with the ubiquitous R.

Fig. 5. Depth at sites where submerged aquatic vegetation species were found during a survey of the northern
Gulf of Mexico coast estuaries. Open circles represent individual samples; closed circles represent mean, and bars
represent 1 SE.
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maritima. We identify five species assemblages
that are our interpretation of the CCA results
(Fig. 3). These, however, differ from the species
assemblages from TWINSPAN. Although these
species assemblages differ, the commonalities
are of interest. Halodule wrightii, Halophila en-
gelmannii, and T. testudinum are clearly identified
as marine SAV (seagrass) and R. maritima is
clearly a mesohaline species in both analyses.

Ruppia maritima may have been ubiquitous as a
result of frequent drought years reported by the
U.S. Drought Monitor Archives (National
Drought Mitigation Center et al., 2008). Ruppia
maritima has been reported to colonize areas after
natural disturbances. Johnson et al. (2003)
reported the expansion of R. maritima into Zostera
marina beds during an El Niño year in Southern
California bays. After hurricanes in the gulf, R.

Fig. 6. Turbidity of water at sites where submerged aquatic vegetation species were found during a survey of
the northern Gulf of Mexico coast estuaries. Open circles represent individual samples; closed circles represent
mean, and bars represent 1 SE.
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maritima has been reported to colonize seagrass
beds (Franze, 2002; Byron and Heck, 2006). We
reviewed the drought archives that provide a
weekly report of drought conditions over broad
geographic areas. The six reported conditions
are: not dry, abnormally dry, moderate drought,
severe drought, extreme drought, and exception-
al drought (National Drought Mitigation Center
et al., 2008). During our survey of 2001, central
Florida experienced a severe drought that oc-
curred near six of the 22 sites we sampled that
year. The remaining sites were not experiencing
dry conditions that year, and all six of those sites
are natural spring-fed rivers that we believe were
not influenced by the drought that year. However,
nearly all 22 of these sites had extreme drought
conditions the previous year. The sites we
sampled in 2002 experienced dry to drought
conditions that summer, but did not experience
dry conditions in the previous year. From 1999 to
2009, there has been a drought approximately
every 2 to 3 yr at each study site (National
Drought Mitigation Center et al., 2008). Although
these frequent drought conditions may have
provided R. maritima the opportunity to prolifer-
ate, it does not appear to be a temporary
condition and it may be that R. maritima was
ubiquitous before the drought conditions. The
naturally variable environmental conditions of
the gulf estuaries may be only accessible to the
broad tolerance range of R. maritima.

We did not observe any previously unreported
invasive (e.g., harmful) species. Hydrilla verticil-
lata, an invasive species management priority in
the northern gulf [Environmental Protection
Agency (EPA), 2000], is known to be abundant
in oligohaline waters across the gulf (McCann et
al., 1996; Owens et al., 2001; BAVA, 2004), but
was not often found in the targeted mesohaline
environment. The nonindigenous species M.
spicatum was the fourth most frequently encoun-
tered SAV. Although it is not native, it is not
ecologically harmful and can be beneficial for
invertebrates (Chaplin and Valentine, 2009) and
waterfowl (Goecker et al., 2006). These data are
useful in long-term management planning and
monitoring of invasive species (e.g., McCann et
al., 1996; EPA, 2000; Madeira et al., 2000; Torres,
2003).

Our failure to find any particular species
during our survey does not indicate that the
species was not present within the estuary. The
distribution of SAV in marine and oligohaline
waters and interior marsh ponds are underrep-
resented in our survey. The inner marsh water-
ways and ponds, such as in the extensive marshes
of Louisiana (Larrick and Chabreck, 1976), likely
contain a significant presence of SAV in the

northern gulf that remains underrepresented in
natural resource estimates. Because of the
inaccessible nature of interior marsh, such a
survey would be a substantial undertaking but
would increase our knowledge of a potentially
underestimated SAV habitat. We encourage
inclusion of nonmarine seagrass in descriptions
of natural resources of the northern gulf
estuaries, such as ecological impact statements
prepared for National Environmental Protection
Act compliance, so impacts on the entire SAV
community can be considered.

ACKNOWLEDGMENTS

Funding and support were provided by the
USGS National Wetlands Research Center and
the USGS Global Climate Change Program. Site
access and logistical support were provided by
the U.S. Fish and Wildlife Service, the U.S.
National Park Service, and the National Estua-
rine Research Reserve Program. Experimental
design and research assistance were provided by
Janelda Biagas and Alejandro Arrivillaga. We
thank J. Davis, J. Foret, R. Howard, D. Johnson,
M. Kimball, J. A. Nyman, L. Rozas, and two
anonymous reviewers for comments provided on
earlier drafts. Any use of trade, product, or firm
names is for descriptive purposes only and does
not imply endorsement by the U.S. government.

LITERATURE CITED

ADAIR, S. E., J. L. MOORE, AND C. P. ONUF. 1994.
Distribution and status of submerged vegetation in
estuaries of the upper Texas coast. Wetlands
14:110–121.

BALDASSARRE, G. A., AND E. G. BOLEN. 1994. Waterfowl
ecology and management J. Wiley, New York.

BARRY A. VITTOR AND ASSOCIATES, INC. (BAVA). 2004.
Mapping of submerged aquatic vegetation in mobile
bay and adjacent waters of coastal Alabama in 2002.
Prepared for the Mobile Bay National Estuary
Program. Mobile, AL. May.

BYRON, D., AND K. L. HECK JR. 2006. Hurricane effects on
seagrasses along Alabama’s gulf coast. Estuar. Coast.
29:939–942.

CARTER, J., J. H. MERINO, AND S. L. MERINO. 2009.
Mesohaline Submerged Aquatic Vegetation Survey
along the U.S. Gulf of Mexico Coast, 2000: A Stratified
Kandom Approach. Gulf Mex. Sci. 27:1–8.

CHAPLIN, G. I., AND J. F. VALENTINE. 2009. Macroinverte-
brate production in the submerged aquatic vegeta-
tion of the Mobile–Tensaw Delta: effects of an exotic
species at the base of an estuarine food web. Estuar.
Coast. 32 (DOI 10.1007/s12237-008-9117-9).

DENNISON, W. C., R. J. ORTH, K. A. MOORE, J. C.
STEVENSON, V. CARTER, S. KOLLAR, P. W. BERGSTRON,
AND R. A. BATIUK. 1993. Assessing water quality with
submerged aquatic vegetation. BioScience 43:86–93.

18 GULF OF MEXICO SCIENCE, 2009, VOL. 27(1)



DUARTE, C. M., W. C. DENNISON, R. J. W. ORTH, AND T. J.
B. CARRUTHERS. 2008. The charisma of coastal
ecosystems: addressing the imbalance. Estuar. Coast.
31:233–238.

DUKE, T., AND W. L. KROCZYNKI. 1992. Status and trends
of emergent and submerged vegetated habitats, Gulf
of Mexico, USA. U.S. Environmental Protection
Agency. EPA 800-R-92-003. September.

ENVIRONMENTAL PROTECTION AGENCY (EPA). 2000. An
initial survey of aquatic invasive species issues in the
Gulf of Mexico region; version 4. U.S. Environmental
Protection Agency, Gulf of Mexico Program. EPA
855-R-00-003.

FAITH, D. P., D. R. MINCHIN, AND L. BELBIN. 1987.
Compositional dissimilarity as a robust measure of
ecological distance. Vegetatio 69:57–68.

FRANZE, C. D. 2002. Barrier island seagrass and
geomorphic interactions: a case study of hurricane
damage and efficacy of restoration efforts at the
Chandeleur Islands. M.S. thesis, Univ. of New
Orleans, New Orleans, LA.

GODFREY, R. K., AND J. W. WOOTEN. 1979. Aquatic and
wetland plants of the southeastern United States.
Monocotyledons volume and Dicotyledons volume.
The Univ. of Georgia Press, Athens, GA.

GOECKER, M. E., J. F. VALENTINE, AND S. A. SKLENAR. 2006.
Effects of exotic submerged aquatic vegetation on
waterfowl in the Mobile–Tensaw Delta. Gulf Mex.
Sci. 24:68–80.

HANDLEY, L. R. 1995. Seagrass distribution in the
northern Gulf of Mexico, p. 273–275. In: Our living
resources: a report to the nation on the distribution,
abundance, and health of U.S. plants, animals, and
ecosystems. E. T. LaRoe, et al. (eds.). U.S. Depart-
ment of Interior, National Biological Service, Wa-
shington, DC.

———, D. ALTSMAN, AND R. DEMAY. 2007. Seagrass status
and trends in the northern Gulf of Mexico: 1940–
2002. Gulf of Mexico Program. U.S. Environmental
Protection Agency and U.S. Geological Survey,
Reston, VA.

HEMMINGA, J., AND C. J. DUARTE. 2000. Seagrass ecology
Cambridge Univ. Press, Cambridge, U.K.

IVERSON, R. L., AND H. R. BITTAKER. 1986. Seagrass
distribution and abundance in eastern Gulf of Mexico
coastal waters. Estuar. Coast. Shelf Sci. 22:577–602.

JOHNSON, M. R., S. L. WILLIAMS, C. H. LIEBERMAN, AND A.
SOLBAK. 2003. Changes in the abundance of the
seagrasses Zostera marina L. (eelgrass) and Ruppia
maritima L. (widgeongrass) in San Diego, California,
following an El Niño event. Estuaries 26:106–115.

KANTRUD, H. A. 1991. Wigeongrass (Ruppia maritime
L.): a literature review. U.S. Dept. of the Interior,
Fish and Wildlife Service, Washington, DC.

LAROE, E. T., G. S. FARRIS, C. E. PUCKETT, P. D. DORAN,
AND M. J. MAC. 1995. Our living resources: a report to
the nation on the distribution, abundance, and
health of U.S. plants, animals, and ecosystems. U.S.
Department of the Interior–National Biological
Service, Washington, DC.

LARRICK, W. D., AND R. H. CHABRECK. 1976. Effects of
weirs on aquatic vegetation along the Louisiana
coast. Proc. Annu. Conf. Southeast. Assoc. Game Fish
Comm. 30:581–589.

MADIERA, P. T., C. C. JACONO, AND T. K. VAN. 2000.
Monitoring Hydrilla using two RAPD procedures and
the nonindigenous aquatic species database. J.
Aquat. Plant Manage. 38:33–40.

MATTSON, R. A. 1999. Seagrass ecosystem characteristics
and research and management needs in the Florida
Big Bend, p. 259–277. In: Seagrasses: monitoring,
ecology, physiology, and management. Stephen A.
Bortone (ed.). CRC Marine Science Series, Boca
Raton, FL.

MCCANN, J. A., L. N. ARKIN, AND J. D. WILLIAMS. 1996.
Nonindigenous aquatic and terrestrial species of Florida:
status, pathway, and time of introduction, present
distribution, and significant ecological and economic
effects. Southeastern Biological Science Center, Nation-
al Biological Service, University of Florida, Center for
Aquatic Plants. Available at: http://aquat1.ifas.ufl.edu/
mctitle.html. Accessed Sep. 2007.

MCCUNE, B., AND J. B. GRACE. 2002. Analysis of ecological
communities MjM Software Design, Gleneden
Beach, OR.

MCKENZIE, L. J., M. A. FINKBEINER, AND H. KIRKMAN. 2001.
Methods for mapping seagrass distribution,
p. 101–121. In: Global seagrass research methods.
F. T. Short and R. G. Coles (eds.). Elsevier Science,
Amsterdam.

MINCHIN, P. R. 1987. An evaluation of the relative
robustness of techniques for ecological ordination.
Vegetatio 69:89–107.

MINELLO, T. J., K. W. ABLE, M. P. WEINSTEIN, AND C. G. HAYS.
2003. Salt marshes as nurseries for nekton: testing
hypotheses on density, growth, and survival through
meta-analysis. Mar. Ecol. Prog. Ser. 246:39–59.

NATIONAL DROUGHT MITIGATION CENTER, U.S. DEPARTMENT

OF AGRICULTURE, AND NATIONAL OCEANIC AND ATMO-

SPHERIC ASSOCIATION. 2008. U.S. drought monitor
archives, National Drought Mitigation Center. Avail-
able at: http://drought.unl.edu/dm/archive.html.
Accessed 30 June 2009.

ORLANDO, S. P., JR., L. P. ROZAS, G. H. WARD, AND C. J.
KLEIN. 1993. Salinity characteristics of Gulf of Mexico
estuaries. National Oceanic and Atmospheric Ad-
ministration, Office of Ocean Resources Conserva-
tion and Assessment, Silver Spring, MD.

ORTH, T., J. B. CARRUTHERS, W. C. DENNISON, C. M.
DUARTE, J. W. FORQUREAN, K. L. HECK JR., A. R. HUGHES,
G. A. KENDRICK, W. J. DENWORTH, S. OLYARNIK, F. T.
SHORT, M. WAYCOOT, AND S. L. WILLIAMS. 2006. A global
crisis for seagrass ecosystems. BioScience 987–996.

OWENS, C. S., J. D. MADSEN, R. M SMART, AND R. M.
STEWART. 2001. Dispersal of native and nonnative
aquatic plant species in the San Marcos River, Texas.
J. Aquat. Plant Manage. 39:75–79.

SEABAR, P. R., F. P. KAPINOS, AND G. L. KNAPP. 1987.
Hydrologic unit maps. U.S. Geological Survey water-
supply paper 2294.

STANKELIS, R. M., M. D. NAYLOR, AND W. R. BOYNTON.
2003. Submerged aquatic vegetation in the mesoha-
line region of the Patuxent Estuary: past, present,
and future status. Estuaries 26:186–195.

STUTZENBAKER, C. D. 1999. Aquatic and wetland plants of
the western gulf coast Texas Parks and Wildlife Press,
Univ. of Texas Press, Austin, TX.

MERINO ET AL.—MESOHALINE SAV: A SALINITY GRADIENT APPROACH 19



TER BRAAK, C. J. F. 1986. Canonical correspondence
analysis: a new eigenvector technique for multivari-
ate direct gradient analysis. Ecology 67:1167–1179.

TORRES, W. 2003. Statewide invasive species strategic
plan for Florida. Don, C. Schmitz (ed.). Florida
Department of Environmental Protection, Tallahas-
see, FL.

TURNER, R. E. 2001. Of manatees, mangroves, and the
Mississippi River: is there an estuarine signature for
the Gulf of Mexico. Estuaries 24:139–150.

U.S. DEPARTMENT OF AGRICULTURE (USDA). The PLANTS
database. Natural Resource Conservation Service,

National Plant Data Center. Available at: http://
plants.usda.gov. Accessed 16 Aug. 2006.

(JHM) U.S. DEPARTMENT OF COMMERCE, NOAA,
NATIONAL MARINE FISHERIES SERVICE, 646 CAJUN-

DOME BOULEVARD, LAFAYETTE, LOUISIANA 70506;
(JC) DEPARTMENT OF INTERIOR, USGS NATIONAL

WETLANDS RESEARCH CENTER, LAFAYETTE, LOUISI-

ANA; AND (SLM) IAP WORLD SERVICES. Send
reprint requests to JHM. Date accepted:
October 6, 2009.

20 GULF OF MEXICO SCIENCE, 2009, VOL. 27(1)




