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Abstract.- Frequent droughts, rapid population growth, and economic development are 
reducing freshwater inflows reaching the bays and estuaries in Texas. In response, the Texas 
legislature has called for the creation of stakeholder teams to determine an environmental flow 
regime necessary to maintain a sound ecological environment for each major Texas 
watershed. To better evaluate the potential effects of changes in water management resulting 
from these new recommended flow regimes, we have conducted a baseline wetland study in an 
area adjacent to the tidal reaches of Tres Palacios Bay and Tres Palacios River, Texas. This 
baseline survey was conducted during the driest year on record (2011) and therefore provides a 
measure of conditions during a period of extreme natural variability. We identified differences 
in community composition and species richness along the fresh- to saltwater gradient. We also 
detected increased pore water salinity compared to open water salinity during the summer 
growing season. The observed low productivity and higher than normal pore water salinities 
suggest that the wetland plant communities were stressed during this period of extreme drought.  

Introduction 
As human populations in Texas have expanded, fresh water has been captured and 

controlled in order to make it available for human consumption. These anthropogenic 
disturbances (e.g. dams, surface water withdrawals, etc.) disrupt the natural hydrology of our 
rivers and aquifers causing drastic changes in the magnitude, timing, frequency, duration, and 
rate of change of freshwater inflows into Texas's estuaries.  

As a result, it has been increasingly difficult to balance the supply of freshwater resources 
to meet the needs of humans and the natural environment. Changes in hydrology can alter 
ecosystem functions and degrade natural resources (e.g. filtering of pollutants, storm abatement, 
and fisheries and wildlife productivity) that are invaluable to the Texas economy. Therefore, in 
2007 the Texas legislature enacted Senate Bill No. 3 (SB3), to help determine how much 
freshwater inflow is needed to create a sound ecological environment for the state's rivers and 
bays. Any prediction, even if it is using the best available science still has uncertainty.  
Therefore, as part of SB3 process, science committees and stakeholders identified adaptive 
management studies to further refine flow regime standards in the future.  

It is important to understand the baseline condition of a community to evaluate the effects 
of water management policies. Many management approaches are unsuccessful for a variety of 
reasons, such as failing to combine a variety of metrics to characterize biological integrity (Karr 
1991) or not effectively using adaptive management experiments (Naiman and Turner 2000).  

We conducted a baseline study of tidal marsh habitat (which can be used to characterize 
ecological health) in Tres Palacios River and Tres Palacios Bay, Texas to assist others in using 
adaptive management strategies to meet the goals stated for SB3. This river was chosen because 
it contributes 5 % of the inflow to the greater Matagorda Bay ecosystem and because very little 
ecological research has been conducted in this area. Additionally, this watershed is still 
relatively undeveloped, and it is anticipated that the marsh communities are likely to change 
rapidly if alterations in hydrology increase with changes in development. This baseline study 
was conducted from November 2010 through November 2011 during an extensive drought 
which was worse than the previous drought of record in the 1950s (Nielsen-Gammon 2011 a) and 
therefore, represents an extreme environmental condition.
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Methods 
Site Description 

The study area is located in tidal marshes adjacent to the Tres Palacios River and Tres 
Palacios Bay, Texas (USA). The area is characterized by a long growing season and mild 
winters. Relative humidity in the afternoon averages 59% and annual rainfall averages 48 
inches, the majority of which falls between April and September (Hyde 2001).  

Within the study area (Figure 1) there are five sampling sites: Donny, River, Darryl, 
MEC, and Oyster. Although unaltered sites are ideal, there are varying levels of anthropogenic 
disturbances in the study area and suitable sites were not available for certain ranges of the 
salinity gradient. Donny is the site furthest upriver and it is located on a residential site with 
cattle grazing nearby. Heading downriver, River is adjacent to a paved road and a small roadside 
ditch. Darryl is a wide marsh which is adjacent to a residential property with which there is a 
substantial elevation difference. MEC is adjacent to an education center built on a filled wetland 
that has a manicured landscape and boardwalks and it is affected by student perturbations. There 
is a small transition area between the high marsh and upland interface at this location. Finally, 
Oyster is located in Tres Palacios Bay and it is surrounded by coastal marsh and low-density 
roads.

Figure 1.-Location of the five study sites along the Tres Palacios River and Tres 
Palacios Bay, Texas.
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Sampling Design 
The five study sites are located along a salinity gradient with Donny located the furthest 

upriver and Oyster located the furthest downriver adjacent to Tres Palacios Bay (Figure 1).  
Samples were collected seasonally during February, April, August, and November 2011. At 
each site, 1 m2 sampling quadrats were haphazardly placed to measure plant cover. All sites had 
low marshes and high marshes; low marshes are at the lowest elevations where waterlogging 
stresses are the greatest and are dominated by Spartina altern'flora Loisel, while high marshes 
are higher in elevation and are dominated by herbaceous species such as Distichlis spicata (L.) 
Greene, Salicornia virginica L., and Batis maritima L.. Oyster, MEC, and Darryl had high and 
low marshes while MEC also had an upland/high marsh transitional zone where the vegetation 
was a mix of wetland and upland plant species. In contrast, the marshes labeled high and low at 
Donny and River were primarily differentiated based on elevation rather than species 
assemblage. For example, at River, the high marsh was the river levee and the low marsh was 
the riparian wetland. Data were collected from three quadrats in each zone (low marsh/high 
marsh/transitional) for a total of 33 samples.  

At each site (except Donny) a permanent transect was installed from the water's edge to 
the upland edge (transect distance varies based on site [See Figures 2a-2e]). At Donny, the 
wetland fringe was very narrow and therefore, a transect was not used. The transects were 
installed in the center of each site to provide a visual reference for the site.
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Figure 2.-The site location or transect line is marked by the yellow circles at A) Donny, 
B) River, C) Darryl, D) MEC, and E) Oyster.  
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Figure 2.-Continued.

Data Collection 
We recorded plant cover in each quadrat using a modified Braun-Blanquet scale 

(Mueller-Dombois and Ellenburg 1974) as follows: 1 = 0 - 1% cover; 2 = 1 - 5%; 3 = 5 - 25%; 
4 = 25 - 50%; 5 = 50 - 75%; 6 = 75 - 100%. Frequency of occurrence was also measured by 
dividing each quadrat into 25 equally spaced points. Species names follow U.S. Department of 
Agriculture conventions. A visual representation of the sampling area was obtained by taking 
photographs during each sampling season. Photographs were taken at each end of the transect 
and at each sampling plot (1 m 2 quadrat) (Appendix). Clip plots (0.25 m2 ) were taken in S.  
alterniflora dominated areas of Oyster, MEC, and Darryl to obtain an estimate of net aerial 
primary productivity (NAPP). Clip plots were not taken at River or Donny because S.  
alterniflora was not present. During the summer and fall of 2011, a soil core (5 cm diameter x 
10 cm length) was taken adjacent to each vegetation cover plot to measure soil bulk density. The 
vegetation from the clip plots and the soil from the cores were dried in an oven at 650 C until a 
constant weight was reached. We measured soil redox potential (Eh) at the soil surface and at 15 
cm depth with platinum electrodes and a calomel reference electrode within each marsh zone.  
Three measurements were taken at each depth and averaged, after correction (+244 mV) to the 
standard hydrogen electrode.  

Continuous hydrological measurements were taken at the northern and southern ends of 
our study area. Paired open water and porewater YSIs (600LS) were placed at Donny and MEC.  
These sites were chosen to represent the full range of salinities in the study area. Although MEC 
was not the southernmost site, it was used because it was a more secure location than Oyster.  
Open water YSIs were deployed in the water and secured to existing structures, while porewater 
YSIs were in specially prepared wells at each site in the lower elevation marshes. A PVC pipe 
with vertical slits was placed in the low marsh to a depth of 30 cm. Four continuous slits were
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cut in each well pipe so that they would be exposed to the soil from the 4 cm to 23 cm depth to 
allow porewater within the root zone to seep in the well. Each well was capped with a water 
tight seal to prevent surface waters from entering the well (Figure 3). The YSI was placed inside 
the well to record continuous measurements. Salinity and temperature data were collected in 30 
minute intervals.
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Figure 3.-A diagram of the porewater wells located at Donny and at MEC.
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Data Analysis 
Data were analyzed using a nested completely randomized design. Soil Eh and bulk 

density were analyzed with an ANOVA using the PROC GLM procedure of SAS version 9.2 
(SAS Institute, Cary, NC). Differences between treatments were tested with post-hoc, Tukey
adjusted pairwise comparisons. All tests of significance used an alpha level of 0.05. Means and 
standard errors of species richness within elevation zones were calculated using the PROC 
GLIMMIX procedure. Redox potential measured at the soil surface was square root 
transformed and bulk density was natural log transformed to achieve normality and stabilize the 
variance. Comparisons were made using means and 95% confidence intervals. Data were 
reported and graphed in their original units. The species richness dataset could not be 
transformed to meet the assumptions for parametric analysis. Since non-parametric Kruskal
Wallis one-way analysis of variance is not appropriate for nested designs, results were presented 
as means. Net aerial primary productivity was calculated using the Max-Min and Smalley 
methods (Turner 1976). Patterns in community composition and differences in composition 
were examined using the non-metric multidimensional scaling (nMDS) and analysis of similarity 
(ANOSIM) procedures of PRIMER version 6 (Clarke and Gorley 2006). Plant cover data were 
collected using a modified version of the Braun-Blanquet method and therefore, no 
transformations or standardizations were used. A Bray-Curtis similarity matrix was generated 
and applied to an nMDS to produce a two-dimensional ordination plot. To test the null 
hypothesis that plant cover does not differ between sites, a non-parametric two-way nested (zone 
[high or low marsh] within site) ANOSIM was performed. Pairwise ANOSIM tests were 
conducted in PRIMER. Data were not used from Donny during the fall of 2010 due to problems 
with species identification data were not used from the upland/high marsh transition area at MEC 
because it was not within the zones of primary interest.  

The salinity data recorded with the YSIs was examined to determine if there were any 
errors. Data were not used if the sonde was determined to be out of the water, if data was not 
close to the spot checks of the salinity, or if the data was not reasonable based on known field 
conditions. Remaining data were averaged by day and used for analysis.  

General drought conditions were assessed with data from the drought monitor (National 
Drought Mitigation Center 2012). The monitor uses four levels of drought intensity (DlI= 
Moderate Drought, D2 = Severe Drought, D3 = Extreme Drought, D4 = Exceptional Drought) 
and one level of abnormal dryness (DO). The drought monitor reports drought conditions several 
times throughout the month. For purposes of this study, the first drought report for each month 
in Matagorda County, Texas was used for analysis. Data was converted into percent of months 
that 100% of the county was in a drought related category (no drought vs. DO-D4).  

Results 
Bulk densities at all sites were high (>0.6 g cm-3) and there was no significant difference 

between sites (p = 0.1810). The Eh measured at the surface and at 15 cm depth also indicated 
that there was no significant difference between sites (p = 0.9416, p - 0.9891, respectively). On 
average, low marshes had lower redox potentials at the surface and at 15 cm depth when 
compared with the high marshes (Figures 4A and 4B).
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Figure 4. A) Redox potential at each site/zone (H or L) combination measured at the 
surface and B) at 15 cm depth (least-square means with 95 % confidence intervals). The same 
letters and non-overlapping confidence intervals indicate no significant differences between 
treatment means (p < 0.05).  
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On average there was little difference in porewater and open water salinities between 
Donny and MEC (2.1 ppt and 0.6 ppt, respectively). However there was a larger seasonal 
difference in porewater and open water salinities during the summer (porewater salinities were 
higher) as compared to the winter and spring at both sites (Figures 5 and 6).
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Figure 5.-Porewater and open water salinity (ppt) at Donny from December 2010 
through August 2011.
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Figure 6.-Porewater and open water salinity (ppt) at MEC from December 2010 
through June 2011.  

Oyster, MEC, and Darryl had similar plant cover. In contrast, Donny and River were 
different from all other plots (Figure 7). The nMDS plot (Figure 7) had low stress (0.1) 
indicating it is a good visual representation of plant cover similarity between the sites. The 
ANOSIM showed that there was a significant difference between zones and sites (Global 
R = 0.632, p = 0.001; Global R = 0.59, p = 0.013, respectively). However, none of the pairwise 
comparisons between sites were significant (p > 0.333). The lack of difference between sites 
may be related to the low sample size (Table 1).

Page 11 of 23

-@- Porewater
Open water 

QP 

0 
00 

00

o



Resemblance: S17 Bray Curts siiity 

20 Stress: 0. 1

U 

A 
A A 

A

0

0

0

It 
06

9
S

lA 
'Iv

Site 
Darryl 
Oyster 
River 
MEC 
Donny-

Figure 7.-A nMDS plot of plant cover associated with sites. In order to better visualize 
the relationship between sites, the zoom in feature was used. This eliminated one data point 
from the view.  

Table 1.-R values for the pairwise analysis of similarity (ANOSIM) tests on plant cover 
within sites.

Pairwise 
Comparisons_ 

Darryl, Oyster 

Darryl, River 

Darryl, MEC 

Darryl, Donny 

Oyster, River 

Oyster, MEC 

Oyster, Donny 

River, MEC 

River, Donny 

MEC, Donny

Donny and 
richness (Table 2).

R 
Statistic 

0.25 

1.00 

0.00 

1.00 

1.00 

-0.25 

1.00 

1.00 

1.00 

0.75

Significance 

66.7 
33.3 

100.0 

33.3 

33.3 

100.0 

33.3 

33.3 

33.3 

33.3

Number of 
Permutations

River had the greatest species richness and MEC had the lowest species 
On average, species richness within a site was greater in the high elevations

compared to the low elevations (Table 3). Oyster, MEC, and Darryl were dominated by S.  
virginica, B. maritima, D. spicata, and S. alterniflora in the high elevations. These three sites
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were all dominated by S. alterniflora in the low elevations. Conversely, River was dominated by 
Juncus sp. in the low elevation and by Ivafrutescens L., S. patens (Aiton) Muhl., and 
Schoenoplectus robustus (Pursh) M.T. Strong in the high elevation marsh. Donny was 
dominated by a diverse set of species including the invasive exotic Alternanthera philoxeroides 
(Mart.) Griseb. and various grasses and herbs. The low elevation was dominated by 
Schoenoplectus californicus (C. A. Mey.).  

Table 2.-Average species richness within a site.

Species 
Site Richness 

Donny 3.8 
River 3.4 
Darryl 1.7 
MEC 1.5 
Oyster 2.2

Table 3.-Average species richness and standard error at a site within a high or low 
elevation zone.

High Low 

Donny 1.56 (0.41) 1.03 (0.29) 

River 1.45 (0.25) 0.91 (0.13) 
Da rryl 0.74 (0.44) 0.21 (0.33) 

MEC 0.64 (0.45) 0.10 (0.33) 
Oyster 1.01 (0.43) 0.47 (0.31)

Based on seasonal clip plots, stem density and productivity varied between sites 
(Table 4). Differences in NAPP between sites varied based on method of calculation (Table 5).  
Due to the low sample size we were unable to conduct tests to determine significant differences.
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Table 4.-Stem density per 0.25 m2. Counts for plants with aboveground rhizomes were 
noted as not available (n/a) because accurate stem counts were unable to be obtained.  

Site Species Winter Spring Summer Fall 

Darryl S. alterniflora (live) 38 26 51 83 
S. alterniflora (dead) 43 49 2 12 
D. spicata (live) 0 34 0 1 
D. spicata (dead) 0 33 0 0 

MEC S. alterniflora (live) 10 31 38 36 
S. alterniflora (dead) 0 29 18 6 
B. maritima (live) 0 n/a 0 0 

Oyster S. alterniflora (live) 6 21 51 84 
S. alterniflora (dead) 17 31 12 7 
B. maritima (live) n/a n/a n/a n/a 
B. maritima (dead) 0 n/a 0 0 
Unknown 0 1 0 0 

Table 5.-Net aerial primary productivity of S. alterniflora (g dry wt m2) in 2011. No 
data is presented for River and Donny sites because they had no S. alterniflora present.

Max
Site Min Smalley 

Da rryl 162.8 162.8 
MEC 77.2 155.2 
Oyster 414 414

Discussion 
We characterized marsh conditions adjacent to Tres Palacios River and Tres Palacios Bay 

and identified differences in species diversity along a salinity gradient during an extreme 
drought. This drought was one of the worst ever recorded and has undoubtedly affected 
biological productivity and function. More specifically, as of December 2011, Dr. John Nielsen
Gammon, Texas State Climatologist, stated that Texas had the "driest fifteen consecutive months 
on record" (Nielsen-Gammon 2011 a) and the June through August average temperature was 
approximately 1.40 C warmer than any other Texas summer on record (Nielsen-Gammon 2011b).  
Additionally, the southernmost U.S. Geological Survey gage (gage no. 08162600) on Tres 
Palacios River (Table 6) indicated 2011 had the lowest annual flow ever recorded (1970-2011).  
Since estuarine waters and rainfall deficits have been shown to cause increases in porewater 
salinity (DeLeeuw et al. 1991), a major potential stress on marsh plants, the drought likely 
affected some of the physico-chemical characteristics measured during this baseline monitoring 
study.
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Table 6.-Mean monthly discharge (ft3 s-1) at the furthest downriver USGS gage, located approximately 13 river miles north of 
Donny. (Accessed 1/20/2012 
http://waterdata.usgs.gov/nwis/monthly?referredmodule=sw&siteno=08162600&por_08162600_1=1472,00060,1,1970-06,2011
11 &startdt= 1970-06&enddt=20 11-11 &partialperiods=on&format=htmltable&dateformat=YYYY-MM
DD&rdb-compression=file&submittedform=parameterselectionlist). Cells with no data indicate missing data and were not used 

to calculate means. Data for December of 2011 are preliminary.  

Mean 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Yearly Rank 

Discharge 

1970 218 94 52 110 721 12 7 174 29 

1971 5 7 20 53 49 45 58 82 509 107 18 347 108 16 

1972 62 52 21 33 519 88 66 44 90 37 140 7 97 11 

1973 49 172 46 608 229 682 70 102 1276 434 141 19 319 39 

1974 179 58 89 68 386 94 46 163 177 38 491 182 164 25 

1975 48 19 26- 58 183 333 79 100 72 29 31 302 107 15 

1976 13 7 10 44 32 124 235 17 68 49 210 401 101 13 

1977 48 57 15 105 38 65 60 37 101 120 121 10 65 6 

1978 152 183 14 55 20 149 58 23 182 30 91 77 86 9 

1979 524 340' 313 160 256 130 394 81 1308 30 18 79 303 38 

1980 219 66 54 25 554 25 55 29 100 126 11 8 106 14 

1981 19 15 8 37 341 444 623 115 355 82 426 17 207 33 

1982 13 224 25 35 1080 50 39 24 19 39 309 28 157 23 

1983 200 460 233 20 30 49 427 43 657 1138 85 17 280 36 

1984 77 17 10 19 223 20 37 34 22 1375 91 45 164 26 

1985 103 63 585 337 22 287 227 25 35 90 22 143 161 24 

1986 12 8 11 15 27 102 22 17 36 364 165 388 97 12 

1987 131 348 32 17 47 458 47 28 34 13 206 79 120 20
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Table 6.-Continued.

Mean 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Yearly Rank 

Discharge

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

Mean 
Monthly 
Discharge

23 

265 

16 

542 

490 

241 

20 

221 

15 

350 

88 

64 

8 

241 

37 

125 

123 

49 

24 

558 

192 

9 

271 

86

12 

17 

279 

241 

978 

379 

49 

19 

7 

154 

340 

10 

30 

11 

12 

59 

167 

373 

14 

36 

183 

9 

225 

15

24 

14 

131 

94 

54 

220 

55 

242 

8 

1058 

56 

161 

74 

18 

9 

77 

30 

234 

17 

208 

144 

13 

26 

14

19 

10 

151 

642 

584 

85 

17 

391 

11 

689 

20 

21 

127 

13 

64 

16 

178 

27 

17 

179 

38 

77 

23 

14

20 

116 

102 

75 

949 

411 

130 

309 

27 

497 

14 

60 

363 

159 

21 

17 

997 

144 

19 

424 

28 

17 

370 

14

23 

102 

10 

34 

162 

440 

346.  

194 

699 

28 

10 

134 

70 

26 

60 

32 

782 

90 

85 

116 

30 

11 

37 

18

144 139 110 124 227 164 166

74 

63 

44 

131 

52 

25 

23 

102 

32 

19 

11 

87 

18 

41 

181 

482 

110 

56 

621 

1573 

21 

8 

535 

14

41 

40 

24 

33 

26 

25 

131 

23 

131 

15 

166 

15 

10 

87 

21 

20 

24 

17 

32 

177 

55 

8 

34 

7

34 

15 

15 

61 

17 

17 

103 

20 

298 

789 

1015 

12 

6 

916 

437 

225 

20 

24 

113 

71 

164 

21 

159 

7

34 

14 

14 

10 

99 

24 

1359 

11 

46 

940 

226 

8 

17 

165 

601 

60 

375 

17 

315 

22 

20 

223 

16 

11

16 

19 

10 

41 

582 

102 

16 

42 

95 

129 

502 

4 

559 

161 

607 

191 

1026 

24 

16 

52 

110 

94 

15 

7

52 231 225 167 123
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297 

456 

101 

77 
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5 

89 

343 

167 

89 

42 

13 

79 

19 

11 

242 

67 

14

28 

57 

67 

206 

342 

165 

212 

169 

123 

395 

208 

49 

114 

182 

185 

116 

323 

89 

113 

286 

83 

61 

148 

18 

156

2 

4 

7 

32 

41 

27 

35 

28 

21 

42 

34 

3 

18 
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31 

19 

40 
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Plant community composition is affected by the interaction of environmental stresses and 
competitive abilities (Grime 1977; Bertness and Ellison 1987; Pennings and Callaway 1992; 
Emery et al. 2001; Crain et al. 2004). Salinity and time of inundation have been found to be two 
main drivers affecting vascular plant community composition along an estuarine gradient (a 
review Odum 1988). In general, species diversity increases as salinity decreases (a review Odum 
1988; Sharp and Baldwin 2009). This pattern is consistent with results from this study. Species 
richness was greater in the two fresher upstream riparian wetlands (Donny and River) where 
salinity stresses were lower compared to the three southern sites (Darryl, MEC, and Oyster).  
There was also greater species diversity in the higher marshes, where the frequency and duration 
of flooding was lower, compared to the lower marshes. Low marshes with high salinities were 
dominated by S. alterniflora, a plant with a high tolerance for salinity, sulfide, and other 
waterlogging stresses (Mitch and Gosselink 2000). The dominance of S. alterniflora decreased 
in the higher marshes because decreased environmental stresses allowed other species to out 
compete S. alterniflora (Bertness 1991).  

Many environmental properties can affect plant productivity. Although bulk density and 
redox potential were in ranges normal for healthy marshes (DeLaune et al. 1979; Mendelssohn 
and Kuhn 2003; Schrift et al. 2008), NAPP in the low marshes (S. altern'flora dominated 
marshes at Darryl, MEC, and Oyster) was lower or among the lowest values reported in the 
literature (a review Turner 1976, Kriby and Gosselink 1976; Cramer et al 1981; a review Dai and 
Wiegert 1996; Roman and Daiber 1986). The low productivity can most likely be attributed to 
the extensive drought (NielsenGammon 2011 a; Figure 8) and resultant low amounts of rainfall, 
low river discharge (Table 6), high temperatures, and high porewater salinities (Figures 5 and 6; 
Smart and Barko 1980; Webb 1983).  

An increase in salinity has been shown to inhibit nutrient uptake (Bradley and Morris 
1991) and plant growth (Linthurst and Seneca 1981; Pezeshki and DeLaune 1995; Hester et al.  
1998). In salt marsh plants, changes in salinity above 30 ppt have been shown to have a greater 
effect on plants than changes between 15 to 30 ppt (Pezeshki and DeLaune 1995; Linthurst and 
Seneca 1981). Almost the entire population of S. robustus in the high marsh at MEC was dead 
during the duration of this study. This is likely due to the lower salinity tolerances of S. robustus 
(Crain et al. 2004) compared to other species observed in the area (Linthurst and Seneca 1981; 
Pezeshki and DeLaune 1995; Crain et al. 2004). In oligohaline marshes (average salinities 0.5 
ppt to 5.0 ppt), a smaller change in salinity can have a big effect on productivity (Howard and 
Mendelssohn 1999) and community composition in oligohaline marshes (Howard and 
Mendelssohn 2000).
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Figure 8.-Drought rankings from the drought monitor for Matagorda County, Texas.  
Data were calculated from the first report of drought at the beginning of each month. Data were 
converted into percent of months that 100% of the county was in a drought related category.
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Conclusions and Future Directions 
This baseline monitoring has shown that low freshwater inflows can contribute to high 

salinities and low plant productivity, which can negatively affect wildlife and other natural 
resources. Wetlands, the habitat type examined in this study, are a good indicator of average 
salinity conditions. In high salinity areas, plants are often able to tolerate sustained salinity 
increases. However, in areas that typically have lower salinities (under 5 ppt), sustained salinity 
increases differentially effect plant species (Baldwin and Mendelssohn 1998; Howard and 
Mendelssohn 1999; Crain et al. 2008). As a result, this can lead to a change in species 
composition (Baldwin and Mendelssohn 1998; Howard and Mendelssohn 1999; Crain et al.  
2008) or to peat collapse and land loss (DeLaune et al. 1994). Changes in fresher marshes are 
expected to show the most dramatic changes in community composition if average salinity 
regimens change. Salt water intrusion and increases in salinity may occur within the next 50 
years since Texas is already facing water shortages and the population is projected to nearly 
double by 2060 (Texas Water Development Board 2012). This research provides baseline 
information that resource managers and researchers can use to evaluate changes in freshwater 
inflow to Texas's rivers and estuaries.  

Although this study did provide quantitative data describing community types, it is 
recommended that this study be expanded and additional data be collected in order to employ 
improved sampling techniques and to improve statistical power. If possible, it would be 
beneficial to obtain access to larger and less impacted marsh sites in the up-river sections of the 
study. Additionally, in the future, TCEQ surface water quality monitoring procedures should be 
used when collecting data with electronic water sampling devices (e.g. YSI) and open water 
salinity should be measured at all sites during sampling. An experienced botanist should be used 
to help identify species in the fresher marshes during each season sampled since diversity is high 
and annuals are present. Modifications in the bulk density sampling technique could also be 
improved to reduce error. The number of clip plots (used to measure NAPP) at each sites needs 
to be increased from just one quadrat to at least three to five quadrats per site.  

Long-term monitoring and protection of the remaining wetlands is essential to the 
continued health of the Bay and should be expanded throughout the state. Anthropological 
changes will continue to occur and at a rate unprecedented in human history. Reduced marsh 
productivity will impact fish and invertebrate populations and adversely affect the associated 
recreational and commercial industries. Reduced productivity will also impact bird populations, 
both resident and migratory, and reduce the associated economic impact of the birding 
community.
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