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Abstract

Freshwater inflow from the lower Colorado River supports a diverse ecological community

in Matagorda Bay, East Matagorda Bay, and Oyster Lake.  The region is part of the larger Lavaca-

Colorado Estuary, which includes the adjacent Lavaca River and Lavaca Bay.  The Lavaca-Colorado

Estuary has been the subject of long-term benthic and water quality studies since 1988, but only six

stations (two in Lavaca Bay and four in Matagorda Bay) have been sampled.  The purpose of the

current study is to sample over broader spatial scales in Matagorda Bay to determine how well the

long-term stations characterize the spatial variability of benthic communities directly influenced by

the Colorado River.  Samples were collected from 18 stations to measure benthic community

structure, hydrographic characteristics (depth, salinity, temperature, nutrients, and chlorophyll), and

sediment characteristics (grain size, carbon and nitrogen content).  Adjacent to the Colorado River,

water quality and water column depth had higher correlations with macrobenthic community

structure than sediment characteristics, but sediments were important overall.  At a 40 % similarity

level, macrobenthic communities were divided into five groups based on distance from the

freshwater source, distance to the Gulf of Mexico, and bottom depth.  Benthic communities in

sheltered shallow habitats (< 0.5 m) were not represented by the current long-term stations, however

all other community groups were represented.  Apart from areas close to the Gulf Intracoastal

Waterway and within 5 km of the Colorado River mouth, water quality in Matagorda Bay was well-

characterized by the six long-term stations in low inflow conditions.
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Introduction

The Lavaca-Colorado Estuary is one of seven major estuarine ecosystems found along the

Texas coastline.  The estuary is approximately 910 km , deeming it the second largest estuary in2

Texas (Montagna 1997).  The estuary receives a mean annual rainfall of 107.2 cm yr .  The three-1

major sources of freshwater inflow are the Lavaca, Tres Palacios, and Colorado Rivers.  The

Lavaca-Colorado Estuary consists of a primary bay, a secondary bay, and several smaller tertiary

bays (Figures 1 and 2).  Matagorda Bay (the primary bay) is directly connected to both the Gulf of

Mexico and to Lavaca Bay (the secondary bay).  Matagorda Bay receives most freshwater inflow

from the Colorado and Tres Palacios Rivers, whereas freshwater inflow to Lavaca Bay is dominantly

from the Lavaca River.

Over the past century, several anthropogenic changes have altered the flow of freshwater into

the Lavaca-Colorado Estuary.  Major changes have occurred both along the lengths of the tributaries

and, in particular, at the Colorado River mouth.  Over 20 reservoir and dam systems were

constructed along the various waterways that discharge freshwater into the Lavaca-Colorado

Estuary.  The Colorado River, which originally flowed into Matagorda Bay, was partially diverted

to the Gulf of Mexico in the late 1920's.  Rapid delta formation at the mouth of the river, as well as

the construction of a 2.7-m deep channel through Matagorda Island, forced most of the inflow to

enter the Gulf of Mexico directly rather than flow into Matagorda Bay.  The construction of Tiger

Channel in the 1950's helped divert some of the inflow back into Matagorda Bay, however, the full

flow wasn’t returned until July 1992 when a diversion channel was dredged.  The diversion channel

was dredged to 6.1 m depth between Matagorda Bay and the Colorado River in 1990, and Tiger and

Matagorda Island Channels were dammed soon thereafter to help maintain all flow within the new

channel (Wilber and Bass 1998).

Freshwater inflow is a major component for maintaining estuarine function.  Inflow of

freshwater helps provide a lower salinity nursery ground for juvenile species, and allows transport

of nutrients, sediments, and allochthonous organic material into the estuary that in turn fuels

productivity.  Increased freshwater inflow has been shown to cause an increase in benthic

invertebrate productivity, abundance, and biomass in Texas estuaries (Kalke and Montagna 1991,

Montagna and Yoon 1992, Montagna and Kalke 1995, Montagna et al., 2003, Palmer et al. 2002).

Long-term macrobenthic and water quality studies in the Lavaca-Colorado Estuary have been
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carried out by Kalke and Montagna (1991), Montagna and Kalke (1995), Montagna (1997, 2000)

and Kinsey (2006).  These studies focused on six stations (Figure 1), two located in Lavaca Bay and

four located in the eastern arm of Matagorda Bay.  How well these stations represent structure and

function of the benthic communityis the entire estuary is unknown.

The purpose of the present study is to determine if the six long-term stations (as described

in Montagna and Kalke 1995, Montagna 1997, Montagna 2000, and Kinsey 2006) are characteristic

of the estuary as a whole.  In particular, we sought to determine if the four long-term Matagorda Bay

stations were representative of the spatial variability in the region affected by the lower Colorado

River flow into Matagorda Bay, East Matagorda Bay, and adjacent saltwater lakes and ponds.  The

focus on spatial variability in the area close to the Colorado River mouth is important because it will

help to determine the usefulness of the long-term stations as indicators of environmental change

over time as it relates to year-to-year differences in inflow.  To meet the objective of the present

study, an intensive spatial sampling survey of 18 stations was carried out to characterize the spatial

variabiltiy of the benthic habitats to, which includes both physical-chemical and biological variables,

within the Lavaca-Colorado Estuary.
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Materials and Methods

A total of eighteen stations, including the six long-term stations, from the Lavaca-Colorado

Estuary were sampled between April 3 - 5, 2006 (Table 1, Figures 1 and 2) .  The locations of these

stations ranged from Lavaca Bay to East Matagorda Bay.  Six of the stations (1, 2, 3, ,4 7, and 9)

were historical stations (named A, B, C, D, E, and F respectively) in long-term studies (Montagna

and Kalke, 1995; Montagna, 1997, 2000; and Kinsey, 2006).

Sediment samples were taken at each station for macrobenthic communities and geological

characteristics, and water samples were taken for hydrographic measurements including depth,

salinity, temperature, chlorophyll, and nutrients.

Macrofauna

Macrofauna were sampled with a 6.7-cm diameter core tube and sectioned at depth intervals

of 0 - 3 cm and 3 - 10 cm (Montagna and Kalke, 1992).  Three samples were taken at each station

and preserved with 5% buffered formalin.  In the laboratory, macrofauna were sorted on 0.5-mm

sieves and identified to the lowest taxonomic level possible, usually the species level.  Organisms

from each sample were pooled into higher taxonomical categories (Crustacea, Mollusca, Polychaeta,

and Others) and dried for 24 hours at 55 /C to determine dry weight biomass.  The dried samples

were then weighed to the nearest 0.01 mg.  Mollusks were placed in 1 N hydrochloric acid (HCl)

from a few minutes to an hour until carbonate shells were dissolved, and washed before drying

(Hedges and Stern, 1984).

Hydrographic Measurements

Hydrographic measurements were taken at 0.5 m depth intervals starting from the surface

of the water column and ending approximately 20 cm off the bottom.  A multiparameter YSI

600XLM datasonde was used to measure temperature (/C), salinity (ppt), dissolved oxygen (mg l ),-1

and pH.

Nutrient and Chlorophyll Measurements

At each station, water samples were collected from the surface and bottom (approximately

20 cm above the bottom) with a horizontally-mounted van Dorn bottle.  Water samples were filtered
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using 0.45 micron glass fiber filters and a hand syringe and stored in a pre-cleaned, non-glass 15 ml

capped tube.  The sample was stored chilled with ice (< 0.4 /C) and transported in an insulated

cooler.  Care was taken to ensure that the samples were exposed to a minimal amount of light.

Analysis of nutrients was performed using a LaChat QC 8000 ion analyzer with computer-controlled

sample selection and peak processing.  Nutrients analyzed (and detection ranges as reported by the

manufacturers’ methods) were: nitrate+nitrate (0.03-5.0 :M; Quickchem method 31-107-04-1-A),

silicate (0.03-5.0 :M; Quickchem method 31-114-27-1-B), ammonium (0.07-3.57 :M; Quickchem

method 31-107-06-5-A), and phosphate (0.03-2.0 :M; Quickchem method 31-115-01-3-A).

Water for chlorophyll a analysis was filtered in the field with glass fiber filters and chilled

on ice.  Care was taken to ensure that the samples were exposed to a minimal amount of light.  The

volume of water filtered was between 20 and 50 ml, depending on the turbidity of the water.  The

higher the turbidity was, the lower the volume of water filtered.  Turbidity was measured using a

secchi disk.  Chlorophyll a was extracted overnight with methanol and analyzed using a non-

acidification technique with a Turner Model 10-AU fluorometer (Welschmeyer 1994; EPA method

445.0).

Sediment Size Analysis

Sediment samples were collected with 6.7-cm diameter core tubes and sectioned at depths

intervals of 0-3 cm and 3-10 cm.  Percent contribution by weight was measured for four size classes;

rubble, sand, silt, and clay.  To determine grain size, a 20-cm  sediment sample was mixed with 503

ml of hydrogen peroxide and 75 ml of deionized water to digest organic material in the sample.  The

sample was wet sieved through a 62-:m mesh stainless steel screen using a vacuum pump and a

Millipore Hydrosol SST filter holder to separate rubble and sand from silt and clay.  After drying,

the rubble and sand were separated on a 125-:m screen.  The silt and clay fractions were measured

using pipette analysis (Folk, 1964).

Sediment Chemical Composition

Sediment samples for elemental composition analysis were collected with 6.7-cm diameter

core tubes (35.4 cm  area) and sectioned at depth intervals of 0-1 cm and 2-3 cm.  Percent-2

porewater, total nitrogen (N), total carbon (C), total organic carbon (TOC), * N, and * C values15 13

were measured in each sample.  Porewater was measured by the difference of wet and dry sediment
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weights.  Total N, C, and TOC were measured with a Carlos Erba NC 2500 elemental analyzer.  The

* N, and * C stable isotopic ratios were measured using a ThermoElectron Deltaplus mass15 13

spectrometer.

Statistical Analysis

A one way analysis of variance (ANOVA) was used on natural logarithm (ln) transformed

data, ln(x+1), to test for differences in macrofauna abundance and biomass among stations.  Where

significant differences were detected, Tukey multiple comparison tests were used to find which

stations were significantly different from one another.  The experimentwise error rate for the Tukey

tests was maintained at 0.05.  Tukey tests were also conducted on natural logarithm transformed

data.  The ANOVA and Tukey tests were performed using SAS software (SAS Institute Inc. 1999).

Species diversity was calculated using Hill’s number one (N1) diversity index (Hill 1973).

Hill’s N1 was used because it has units of number of dominant species, and is more readily

interpreted than most other diversity indices (Ludwig and Reynolds 1988).  Diversity was calculated

after pooling all three replicate cores at each station and is reported for the area of 106 cm .  Species-2

diversity was calculated using Primer software (Clarke and Gorley 2006).

Community structure of macrobenthic species was analyzed using non-metric multi-

dimensional scaling (MDS).  MDS is a non-metric multivariate statistical tool that can be used to

compare many variables, e.g., the numbers of individuals of each species, among many stations

simultaneously.  The distance between stations in an MDS plot can be related to community

similarities or differences between stations.  Differences and similarities among communities were

highlighted using cluster analysis.  An MDS analysis occurs in four steps: first, data were natural

logarithm transformed; second, a Bray-Curtis similarity matrix was computed for similarity among

stations; third, a cluster analysis was calculated from the similarity matrix; and, finally, the MDS

plot was created from the similarity matrix and the results of the cluster analysis is overlaid on the

MDS plot.  All steps in the MDS analysis were performed using Primer software (Clarke and

Gorley, 2006).

Principal Component Analysis (PCA), a parametric multivariate method, was used to assess

relationships between water-column variables (hydrographic, chlorophyll, and nutrient

measurements) and stations.  The same PCA method was used to compare sediment characteristics

between stations.  Results were presented in bivariate plots as station scores and as variable loads.
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The plot of factor patterns allow for visualization of the similarities and variability among the

factors.  The loading score plots allow for visualization of relationships among the sampling stations

(Long et al. 2003).  PCA analyses were performed using SAS software (SAS Institute Inc. 1999).

After merging the new PC scores for stations with average benthic metrics for station, a Person

Product Moment correlation (r) was calculated to related univariate measures of biota with

environmental factors.

In a second test, relationships between benthic communities and environmental factors were

investigated using the multivariate Biota-Environment (BIO-ENV) procedure.  The BIO-ENV

procedure is a multivariate method that matches patterns of biotic variables (i.e., benthic community

structure) with environmental variables (Clarke and Warwick 2001).  This is carried out by

wcalculating weighted Spearman rank correlations (D ) between sample ordinations from all of the

environmental variables and an ordination of biotic variables (Clarke and Ainsworth, 1993).

Correlations are then compared to determine the best match.  The BIO-ENV procedure uses

different numbers of abiotic sample variables in calculating correlations to investigate the different

levels of environmental complexity.  For this study, the benthic species abundance MDS ordination

was compared with all physicochemical and sediment variables.  The significance of relationships

were tested using RELATE, a non-parametric form of the mantel test.  The BIO-ENV and RELATE

procedures were calculated with Primer software (Clarke and Gorley 2006).
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Results

The average flow in the Colorado River near Bay City between April 3 -5, 2006 was 23 m3

s  (814 ft  s ; USGS, unpublished data).  The 57-year average for that period is approximately 34-1 3 -1

m  s  (1200 ft  s ).  Daily flow rates in 2006 prior to the April sampling period, was approximately3 -1 3 -1

half of the 57-year average.  The ten days prior to sampling had approximately three quarters of the

57-year average daily flow.  There was fresh Sargassum weed floating in the Gulf Intracoastal Water

Way near the Colorado River mouth, indicating a high amount of tidal exchange between the

Lavaca-Colorado Estuary and the Gulf of Mexico prior to sampling.

Macrofauna

The total abundance ranged over more than one order of magnitude from 3,900 individuals

m  in Station 2 to 44,600 individuals m  in Station 15 (Table 2).  There was a clear pattern in total-2 -2

abundance, where highest values were found in the eastern arm of Matagorda Bay (Figure 3).  Total

abundance was highest in the four stations closest to the Colorado River mouth (9/F, 10, 15 and 16,

averaging 26,331 m ), Mad Island Preserve (Stations 13 and 14, averaging 27,797 m ), Oyster Lake-2 -2

(Stations 11 and 12, averaging 27,891 m ), and Station 7 (17,302 00 - 45,000 m ).  Conversely, the-2 -2

two stations closest to each of the Lavaca and Palacios Rivers had low abundance (< 11,000

individuals m ).  Abundance was also less than 11,000 at Stations 3, 4 and 8, in Matagorda Bay.-2

Four of the six stations with the lowest abundance were long-term monitoring stations.  There were

significant differences between stations (p < 0.001), but no individual station was significantly

different than all others (Table 2).

There were significant differences in biomass between stations in the Lavaca-Colorado

Estuary (p =  0.009), however, no individual station was significantly different than all others (Table

2).  Macrofaunal biomass was lowest (< 0.6 g m ) at Stations 4 and 6 (Figure 4).  Biomass was also-2

low (< 1.8 g m ) at Stations 1, 10, and 11.  Shallow water sites in Oyster Lake (Stations 13 and 14)-2

and East Matagorda Bay (Stations 17 and 18) had high biomass.  There were four stations with

macrofaunal biomass above 10 g m  (7, 13, 14, and 17) including Station 14, which had the highest-2

biomass (17.0 g m ).  Three of the four stations with lowest biomass were long-term monitoring-2

stations (1, 2, and 4).  Biomass at the other three long-term stations (3, 7, and 9) had moderate to

high biomass.
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Macrofaunal diversity (Hill’s N1) was lowest at the station closest to the Lavaca and

Colorado River mouths (Stations 1 and 16 respectively), and also at Station 10 (N1 < 3.2; Figure 5).

Stations 3, 17 and 18 were by far the most diverse, with at least nine dominant species (N1) being

present at each station (Table 3).  All other stations had less than seven dominant species.

The multivariate cluster analysis of species shows there are five groups of stations where

there are at least 40% of the species in common (Figure 6).  This is easier to visualize in the MDS

plot.  Overlying the similarity measure from the cluster analysis on top of the MDS plot of

macrofauna communities demonstrates that all stations shared at least 20% of species in common,

and that there were five community groups with at least 40 % similarity (Figure 7).  For

convenience, these five groups are labeled A - E (Figure 7), i.e., MDS-A through MDS-E (Table 4).

Three groups (MDS-B, -C, and -D) were comprised of three stations, while MDS-A contained eight

stations, and MDS-D contained only one station.  Groups MDS-B (Stations 12, 13, and 14) had the

highest mean abundance (31,000 individuals m ), followed by MDS-A (Stations 1, 2, 5, 9, 10, 11,-2

15, and 16) with 19,000 individuals m  (Table 4).  Groups MDS-C (Stations 6, 7, and 8) and MDS-E-2

(Stations 3, 17, an 18) were nearly identical with about 11,000 individuals m .  The most dissimilar-2

group, MDS-D (Station 4), had an average abundance of only 4,000 individuals m . -2

The MDS groupings were based on species distributions and similarities of the species

composition of stations within the groupings.  For example, group MDS- A was dominated by

Mediomastus ambiseta and Ampelisca abdita and had 21 species in total (Table 4).  In contrast,

group MDS-B (with 15 species) was dominated by A. abdita, and three species (Streblospio

benedicti, Capitella capitata, and Chironomid larvae) equally shared second dominance.  Group

MDS-C (with 17 species) had only two dominant species, M. ambiseta and Polydora caulleryi.

Group MDS-D had the lowest number of species (8), and only one dominant, M. ambiseta.  Group

MDS-E (with 19 species) had a distribution of species nearly identical to group C, except for high

abundances of Cirrophorous lyra.  The group MDS-E also had the highest diversity of all stations

(Figure 5).

Over all stations, the top five dominant species were the polychaete Mediomastus ambiseta

(29%), the amphipod Ampelisca abdita (23 %), polychaetes Streblospio benedicti (8 %) and

Capitella capitata (7 %), and Chironomid larvae (5 %) (Table 4).  Of these top five most abundant

organisms, M. ambiseta was the most ubiquitous throughout the Lavaca-Colorado Estuary.  Mean

densities of M. ambiseta were above 2,000 m  in each group.  Ampelisca abdita and S. benedicti-2
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were found in densities more than 100 m  only in community groups MDS-A and MDS-B.  C.-2

capitata and Chironomid larvae were only found in densities above 100 m  in community group-2

MDS-B.  A. abdita had the highest densities in any single community group (MDS-B).  The most

abundant organism after M. ambiseta in group MDS-C was Polydora caulleryi (2,000 m ).  P.-2

caulleryi was only found in one other group (MDS-D), but at densities less than 100 m .-2

Crustaceans Grandidierella bonnieroides, Xenathura brevitelson and Leptochelia rapax were only

found in group MDS-B.

Hydrography and Nutrient / Chlorophyll

All water quality variables for all stations were analyzed using Principal Component

Analysis (PCA; Figure 8).  The first and second principal components (PC1 and PC2) explained 83

% and 15 % of the variation within the data set (for a total of 98 %).  Along the dominant axis, PC1,

salinity was inversely related to nutrient concentrations (phosphate, ammonium, and nitrate plus

nitrite) (Figure 8a).  Therefore, the PC1 loading vectors for the salinity-nutrient relationship

represents a freshwater inflow gradient.  In contrast, temperature, dissolved oxygen, and chlorophyll

a were positively correlated with each other along axis PC2.  Therefore, the PC loading vectors for

temperature, dissolved oxygen, and chlorophyll a along PC2 represent a gradient of primary

production because high chlorophyll a was associated with high dissolved oxygen, which is a by-

product of photosynthesis.  Water quality among stations was similar, except for Stations 11 - 14,

where there were high temperature, dissolved oxygen, and chlorophyll a measurements, and Stations

10 and 16, where there were high nutrient concentrations and low salinity values (Figure 8b).  The

water quality did not vary much between top and bottom at most stations, indicating a well mixed

estuary (Figure 8c).

Average temperature of all of the stations was inversely related to the water depth of the

station.  The highest temperatures occurred at stations in Mad Island Preserve and Oyster Lake (<

0.5 m deep), and the lowest temperatures occurred in the deepest stations in Matagorda Bay (Table

5).  Average temperatures for the water column at the stations ranged from 23.0°C to 30.1°C.

Salinity ranged from 22.2 to 31.8 ppt, except for two stations.  Station 16, at the Colorado River

mouth, had a salinity of 4.7 ppt, while Station 17, in East Matagorda Bay, had a mean salinity of

33.5 ppt.  The four stations closest to the Gulf Intracoastal Waterway (GIWW) all had mean salinity

values less than or equal to 27 ppt.  Dissolved oxygen ranged from 6.4 mg l  to 7.6 mg l in Stations-1 -1 
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1-10 and 15-18, however it was above 9.4 mg l  at Stations 11 - 14.  The highest nutrient-1

concentrations (ammonium, phosphate, nitrate plus nitrite, silicate) were found at Station 16, at the

Colorado River mouth, and at Station 10, just outside the GIWW.  Relatively high nitrate plus nitrite

concentrations were observed at Station 12 in Oyster Lake, while high silicate concentrations were

observed at Station 17 in East Matagorda Bay.  Chlorophyll a concentrations were highest at

Stations 13 and 14, in Mad Island Preserve.

Sediment Characteristics

The sediment variables were also analyzed using a PCA.  The first and second principal

components (PC1 and PC2) explained 86 % and 7 % of the variation within the sediment data set

(for a total of 93 %; Figure 9).  The PCA of the sediment variables revealed that carbon, rubble, and

sand contents vary the most between stations within the Lavaca-Colorado Estuary.  PC1 loads for

carbon and rubble have a negative relationship with sand.  TOC, clay, nitrogen content and porosity

were directly correlated.  Stations 5 and 6 had the highest rubble, * C, and carbon concentrations13

(Table 6). 

* N ranged from 5.55 ‰ at Station 14 to 9.72 ‰ at Station 5 (Table 6).  The percent15

nitrogen (% N) slightly varied between stations, with the highest percentage (0.13 %) at Stations 7

and 8.  * C was highest at Station 6 (-3.71 ‰) and lowest at Station 2 (-14.22 ‰).  The percent13

carbon (% C) varied from 0.73 % at Station 12 to 5.10 % at Station 6.  TOC and porosity were

generally uniform across all stations.  The sediment collected from Stations 5 and 6 were

predominantly rubble.  Sand content was greatest at stations 1 and 11 - 16.  Sediment samples from

Stations 2 - 4, 7 - 10, 17, and 18 were mostly clay.

Linking Macrofauna and Environmental Patterns

Links between biotic and environmental variables were examined in two ways: in a

univariate mode calculating the correlation between PC scores (Figures 8 and 9) and benthic

community metrics (Tables 2 and 3), and in a multivariate mode where the patterns of the

community structure similarity (Figures 6 and 7) were compared to patterns of similarity of

environmental characteristics.

In the univariate analyses, hydrographic (i.e., water quality) PC1 axis represents a gradient

of freshwater inflow where positive values indicate high flow, low salinity, and high nutrient values
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(Figure 8).  This axis, however, did not have any significantly correlations with any of the biotic

metrics (Table 7).  Hydrographic PC2 axis was positively correlated with benthic abundance (P =

0.006), indicating that higher primary productivity was associated with higher secondary

productivity.  Sediment characteristics represented by the sediment PC2 axis (Figure 9) were

significantly and inversely correlated with all species richness, but not Hill’s diversity; and

abundance, but not biomass (Table 7).  This indicates that abundance and species numbers increase

with increasing sand content and decreasing clay and porosity.

In the multivariate analyses, the single environmental variables with the highest correlations

with the macrofauna community structure of the eighteen stations were mean temperature, bottom

temperature, and depth (Table 8).  These three variables, as well as pH, percent carbon, and percent

clay, dominated variable combinations that were most highly correlated with macrofaunal

communities.  Based on the higher number of sediment than water quality variables featured in the

best variable combinations, it was concluded that macrofaunal communities were more highly

related to sediment variables in the Lavaca-Colorado Estuary during the present study.
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Discussion

This current study was carried out during a three-day period with no replicates in time.  This

period also followed a period of low inflow, bordering on drought conditions.  It is therefore

important to view this analysis in this context.  The characterization of Lavaca-Colorado Estuary

and the comparison of the long-term stations to the additional stations is therefore only valid for

conditions close to that leading up to and during the first week of April 2006.  Periods of higher

flows will yield different hydrography patterns in the Lavaca-Colorado Estuary.  These different

hydrography patterns will undoubtably affect macrofaunal community structure, but to an unknown

extent.

In the current study, the Lavaca-Colorado Estuary is divided into five macrofaunal

communities as determined by MDS analysis (Figure 7).  Group MDS-A is represented by eight out

of the total eighteen stations sampled.  The only obvious physical characteristic that they share in

common is that they all occur close to one of the three major river mouths entering the estuary.  The

four closest stations to the Colorado River mouth (16, 15, 9/F, 10), two closest stations to the Lavaca

River mouth (1/A, 2/B) and single closest station to the Palacios River mouth (5) are all present in

group MDS-A.  Also present is Station 11 in Oyster Lake.  The macrofaunal community in MDS-A

is dominated by polychaetes Mediomastus ambiseta and Streblospio benedicti and amphipod

Ampelisca abdita.  These three species are considered pioneer species because of their rapid rates

of reproduction and development (Dauer 1993, Mannino and Montagna 1997).  The dominance of

pioneer species is characteristic of a highly variable environment (Flint 1985, Flint and Kalke 1985,

Montagna and Kalke 1992).  Large populations of A. abdita often occur seasonally, therefore this

high abundance might not be representative of the stations in group MDS-A throughout the year

(Palmer et al. 2006).

Group MDS-B is comprised of stations from Mad Island Preserve and Oyster Lake.  These

stations are all less than 0.5 m deep and are surrounded by marsh.  At the time of sampling (2:00 -

3:00 p.m., April 4 ), these stations had the highest temperatures, chlorophyll a, and dissolvedth

oxygen concentrations (Table 4).  They also had relatively low salinity values, ranging from 25 to

27 ppt.  MDS-B had the highest mean macrofaunal abundance by more than 10,000 organisms.  Like

group MDS-A, MDS-B contained high abundances of M. ambiseta and S. benedicti and A. abdita.

Also occuring in high abundance in group MDS-B were Chironomid larvae and the polychaete
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Capitella capitata.  The high abundance of Chironomid larvae is indicative of an environment that

receives or has received recent freshwater inflow (Kalke and Montagna 1991, Palmer et al. 2002).

Group MDS-C contained three of the five deepest stations in this current study (> 2.5 m; 6,

7/E, 8), and had some of the lowest water temperatures.  Aside from the high abundance of M.

ambiseta that occurred in all community groups, group MDS-C had a high abundance of the spionid

polychaete Polydora caulleryi (Table 4).  P. caulleryi has been associated with a later successional

state near freshwater sources (Palmer et al. 2002),\ and in normoxic subtidal areas (Montagna and

Ritter 2006).  Thus, P. caulleryi is an indicator of a highly stable community in a relatively

undisturbed state.

Group MDS-D contains a solitary station, Station 4/D.  This station is the deepest station (3.7

m) and is the closest to the Matagorda Ship Channel, the largest conduit between the Gulf of Mexico

and Matagorda Bay (Figure 7).  The salinity at this station was 31 ppt, close to Gulf water salinity

(Table 5).  This station has the lowest mean biomass of all the stations (0.4 g m ; Table 4) and the-2

lowest total abundance (4000 individuals m ) of all the groups (Table 4).  Apart from M. ambiseta,-2

the taxa with the largest abundance is unidentified oligochaetes.

The final group, MDS-E, contains the two stations from East Matagorda Bay (17 and 18) and

one station near the junction of Lavaca and Matagorda Bays (3/C; Figure 7).  All stations in group

MDS-E have relatively low total macrofaunal abundance, ranging from 9,500 to 12,500 individuals

m  (Table 5).  Macrofaunal biomass in this group is above average, ranging from 5 to 13 g m  at-2 -2

each station.  The most dominant species, aside from M. ambiseta, was Cirrophorus lyra (Table 4).

This species is abundant in coarse sediments in locations outside of this study area (Karakassis and

Hatziyanni 2000), however, the stations in group MDS-E all were dominated by clay (Table 6).  The

stations in MDS-E had the highest diversity of all stations sampled in this characterization study

(Figure 5).

The six long-term stations were present in four of the five macrofauna community groups.

There were no long-term monitoring stations in group MDS-B and three in group MDS-A.  This

indicates that benthic communities in sheltered shallow habitats (< 0.5 m) were not represented by

the current long-term stations.  Long-term stations generally had lower total abundance than the rest

of the stations in this current study but were more evenly distributed among the different biomass

values observed at all of the stations (Table 4).



14

Collectively, the long-term stations were fairly typical of all eighteen stations in terms of

water quality, and did not have the extreme values of salinity and nutrients observed at stations 10

and 16 (Figure 8).  They also did not possess the high temperature, dissolved oxygen and chlorophyll

a values that were observed in Oyster Lake and the Mad Island Preserve.  The sediment properties

of the long-term stations were also fairly typical of all eighteen stations.  The high rubble, carbon and

* C contents of stations 5 and 6 were not resembled by the long-term stations (Figure 9).13

Macrofauna communities were most highly correlated with depth and temperature in this

study, but not salinity and nutrients (Tables 7 and 8).  Higher freshwater inflow conditions have been

shown to increase the nutrient concentrations and lower salinity in the Lavaca-Colorado Estuary

(Montagna 2000).  A more even distribution of salinity and nutrient values at the eighteen stations

sampled in this current study is likely to occur at high inflow conditions.  If the salinity and nutrient

concentration ranges over all stations were more evenly distributed, then it is likely that the analyses

could reveal a higher correlation between salinity, nutrient concentrations, and macrofauna

communities (Montagna and Kalke 1992).

A larger number of sampling stations within an estuary always provides the best

characterization of a system, but this is not always feasible.  In low inflow conditions, the six long-

term stations represent the open bay macrofauna communities in Lavaca-Colorado Estuary well.  To

determine whether the long-term stations represent the different open bay macrofaunal communities

in Lavaca-Colorado Estuary over time, a similar study needs to be carried out after a period of higher

(or at least normal) inflow conditions.  An additional study at higher inflow conditions would also

allow us to elucidate further the effects of freshwater inflow on macrofauna in Lavaca-Colorado

Estuary.



15

Literature Cited

Clarke, K. R. and M. Ainsworth. 1993. A method of linking multivariate community structure to

environmental variables. Marine Ecology Progress Series, 92: 205-219.

Clarke, K.R. and R.N Gorley. 2006. PRIMER v6: User Manual / Tutorial. PRIMER-E: Plymouth,

United Kingdom.

Clarke, K.R. and R.M Warwick. 2001. Change in Marine Communities: An Approach to Statistical

Analysis and Interpretation. 2nd Edn. PRIMER-E: Plymouth, United Kingdom.

Dauer D.M. 1993. Biological criteria, environemental health and estuarine macrobenthic community

structure. Marine Pollution Bulletin 26(5): 249-257.

Flint, R. W. 1985. Long-term estuarine variability and associated biological response. Estuaries

8:158–169.

Flint, R.W. And R.D. Kalke. 1986. Niche characterization of dominant estuarine benthic species.

Estuarine, Coastal and Shelf Science 22:657–674.

Folk, R. L. 1964.  Petrology of sedimentary rocks.  Hemphill's Press. Austin, TX. 155 pp.

Hedges, J.I. and J.H. Stern. 1984. \Carbon and nitrogen determinations of carbonate-containing

solids.  Limnol. Oceanogr. 29:657-663.

Hill, M.O. 1973. Diversity and evenness: a unifying notation and its consequences. Ecology 54:

427-432.

Kalke, R.D. and  P.A. Montagna. 1991. The effect of freshwater inflow on macrobenthos in the

Lavaca River Delta and Upper Lavaca Bay, Texas. Contributions in Marine Science 32: 49-

71.



16

Karakassis, I. and E. Hatziyanni. 2000. Benthic disturbance due to fish farming analyzed under

different levels of taxonomic resolution. Marine Ecology Progress Series. 203: 247-253.

Kinsey, J.W. 2006. Response of benthic macrofauna to freshwater inflow in the Lavaca-Colorado

Estuary, Texas, USA. Master’s Thesis, University of Texas at Austin.

Long, E.R., S.R. Carr, and P.A. Montagna. 2003. Porewater Toxicity Tests: Value as a Component

of Sediment Quality Triad Assessments. In: Carr, S.R. and Nipper, M., Porewater Toxicity

Testing: Biological, Chemical, and Ecological Considerations. pp. 163-198.

Ludwig, J. A. and J. F. Reynolds. 1988. Statistical Ecology: a Primer on Methods and Computing.

John Wiley and Sons, New York, 368 pp.

Mannino A. and P.A. Montagna. 1997. Small-scale spatial variation of Macrobenthic community

structure. Estuaries 20(1): 159-173.

Montagna, P.A. 1997. Effect of Freshwater Inflow on Macrobenthos Productivity and Nitrogen

Losses in Texas Estuaries. The University of Texas, Marine Science Institute Technical

Report No. TR/97-02. Port Aransas, Texas. 168 pp.

Montagna, P.A. 2000. Effect of freshwater inflow on macrobenthos productivity and nitrogen losses

in Texas estuaries. The University of Texas, Marine Science Institute Technical Report No.

TR/97-02.  Port Aransas, Texas. 84 pp.

Montagna, P. A. and R. D. Kalke. 1992. The effect of freshwater inflow on meiofaunal and

macrofaunal populations in the Guadalupe and Nueces estuaries, Texas. Estuaries 15:

307–326.

Montagna, P.A. and R.D. Kalke. 1995. Ecology of infaunal Mollusca in South Texas Estuaries.

American Malacological Bulletin 11: 163-175.



17

Montagna, P.A., R.D. Kalke, and C. Ritter. 2002. Effect of restored freshwater inflow on macrofauna

and meiofauna in upper Rincon Bayou, Texas, USA. Estuaries 25:1436-1447.

Montagna, P.A. and C. Ritter. 2006. Direct and indirect effects of hypoxia on benthos in Corpus

Christi Bay, Texas, U.S.A. Journal of Experimental Marine Biology and Ecology. 330(1):

119-131.

Montagna, P. A. and W.B. Yoon. 1991. The effect of freshwater inflow on meiofaunal consumption

of sediment bacteria and microphytobenthos in San Antonio Bay, Texas, U.S.A. Estuarine,

Coastal and Shelf Science 33: 529–547.

SAS Institute Inc. 1999. SAS/STAT User's Guide: Version 8. SAS Institute Inc, Cary, North Carolina.

3809 pp.

Texas Department of Water Resources. 1980. Lavaca-Tres Palacios Estuary: A Study of the

Influence of Freshwater Inflows. Report: LP-106.

United States Geological Survey. http://waterdata.usgs.gov/nwis Date accessed: 30 October 2006.

Welschmeyer, N. A. 1994. Fluorometric analysis of chlorophyll a in the presence of chlorophyll b

and pheopigments. Limnology and Oceanography 39: 1985-1992.

Wilber D.H. and R. Bass. 1998. Effect of the Colorado River Diversion on Matagorda Bay Epifauna.

Estuarine, Coastal and Shelf Science 47(3): 309-318.

http://waterdata.usgs.gov/nwis


18

Table 1.  Description and location of the characterization sampling stations.  Six of the stations were

from the long-term studies (Montagna and Kalke, 1995).

Station Description Long-term

Station

Latitude

(North)

Longitude

(West)

1 Lavaca Bay A 28° 40.416N 96° 34.898N

2 Lavaca Bay B 28° 38.317N 96° 35.081N

3 Lavaca/Matagorda C 28° 32.447N 96° 28.141N

4 Eastern Arm of Matagorda Bay D 28° 28.697N 96° 17.345N

5 Tres Palacios #2 28° 40.44N 96° 13.983N

6 Tres Palacios #1 28° 37.266N 96° 14.118N

7 Eastern Arm of Matagorda Bay E 28° 33.150N 96° 12.552N

8 Eastern Arm of Matagorda Bay 28° 34.535N 96° 07.509N

9 Eastern Arm of Matagorda Bay F 28° 35.756N 96° 02.455N

10 Colorado Delta #3 28° 37.525N 96° 05.082N

11 Oyster Lake #2 28° 37.722N 96° 12.169N

12 Oyster Lake #1 28° 37.116N 96° 10.419N

13 Mad Island Preserve #1 28° 38.090N 96° 06.399N

14 Mad Island Preserve #2 28° 38.465N 96° 06.305N

15 Colorado Delta #2 28° 37.339N 96° 01.126N

16 Colorado Delta #1 28° 38.709N 95° 59.566N

17 East Matagorda B 28° 41.250N 95° 51.999N

18 East Matagorda  C 28° 42.666N 95° 48.999N
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Table 2.  Tukey multiple comparison tests on log transformed biomass and abundance data.  Stations

with the same Tukey Grouping letter are not significantly different at 0.05 level.

Biomass Abundance

(g m ) Station Tukey Grouping (no. m ) Station Tukey Grouping-2 -2

17.005 14 A 44,626 15 A

12.069 13 A B 33,564 14 B A

12.619 17 A B 38,102 12 B A

10.927 7 (E) A B 22,029 13 B A C

8.592 18 A B 20,138 16 B A C

5.563 15 A B 20,517 10 B A C

4.945 3 (C) A B 20,044 9 (F) B A C

3.533 9 (F) A B 17,680 11 B A C

3.285 12 A B 17,302 7 (E) B D A C

3.052 16 A B 12,575 17 E B D A C

5.247 5 A B 11,251 5 E B D C

2.373 8 A B 10,873 8 E B D C

1.706 11 A B 10,684 1 (A) E B D C

1.764 10 A B 10,495 3 (C) E B D C

1.262 1 (A) B 9,455 18 E B D C

0.586 6 B 5,484 6 E D C

0.528 2 (B) B 4,255 4 (D) E D

0.400 4 (D) B 3,876 2 (B) E
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Table 3.  Diversity metrics for all sampling stations.  Abbreviations: S = number of species, N1 =

Hill’s N1 diversity index.

Station Long-term Richness

(S)

Diversity

(N1)

1 A 11 2.45

2 B 8 4.56

3 C 27 9.25

4 D 10 4.52

5 18 4.75

6 12 3.95

7 E 19 6.39

8 15 4.85

9 F 20 6.24

10 9 3.16

11 10 3.65

12 20 4.30

13 12 5.53

14 13 5.85

15 17 3.80

16 11 2.91

17 20 10.21

18 22 9.36
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Table 4.  Species abundance for each community group.  Community groups were based on stations

with $ 40 % similarity as determined by cluster and MDS analysis.  Abundance and mean

abundance among all group in units of indivuals m .  The percent (%) abundance of the total-2

mean and cumulative percent (Cum %) is also reported.

MDS Group
Species Name A B C D E Mean % Cum %
Mediomastus ambiseta 7,776 2,238 5,295 2,458 4,192 4,392 28.8 28.8
Ampelisca abdita 6,027 11,346 0 0 0 3,475 22.8 51.7
Streblospio benedicti 1,808 4,318 95 0 32 1,250 8.2 59.9
Capitella capitata 47 4,979 0 0 0 1,005 6.6 66.5
Chironomid larvae 83 4,002 0 0 0 817 5.4 71.8
Polydora caulleryi 0 0 2,364 95 0 492 3.2 75.1
Cirrophorus lyra 12 441 32 189 1,072 349 2.3 77.4
Corophium louisianum 603 819 0 0 0 284 1.9 79.2
Cossura delta 201 0 347 95 725 273 1.8 81.0
Nemertinea (unidentified) 130 158 630 95 189 240 1.6 82.6
Oligochaetes (unidentified) 24 410 126 567 0 225 1.5 84.1
Lumbrineris parvapedata 0 0 32 0 693 145 1.0 85.0
Glycinde solitaria 213 0 189 0 284 137 0.9 85.9
Gyptis vittata 24 0 347 0 284 131 0.9 86.8
Paraprionospio pinnata 35 0 63 284 252 127 0.8 87.6
Grandidierella bonnieroides 0 599 0 0 0 120 0.8 88.4
Spiochaetopterus costarum 35 0 347 0 126 102 0.7 89.1
Schizocardium sp. 24 0 252 0 189 93 0.6 89.7
Nuculana acuta 12 0 95 0 315 84 0.6 90.2
Xenanthura brevitelson 0 410 0 0 0 82 0.5 90.8
Leptochelia rapax 0 410 0 0 0 82 0.5 91.3
Aricidea bryani 0 0 252 0 95 69 0.5 91.8
Microphthalmus abberrans 47 284 0 0 0 66 0.4 92.2
Mulinia lateralis 35 63 0 0 221 64 0.4 92.6
Microprotopus spp. 284 0 32 0 0 63 0.4 93.0
Eudorella sp. 0 0 0 284 32 63 0.4 93.5
Aligena texasiana 0 0 0 0 252 50 0.3 93.8
Clymenella torquata 0 0 0 0 252 50 0.3 94.1
Acteocina canaliculata 177 0 63 0 0 48 0.3 94.4
Parandalia ocularis 71 126 0 0 32 46 0.3 94.7
Nereidae (unidentified) 0 0 63 0 158 44 0.3 95.0
Total (top 95 %) 17,668 30,602 10,621 4,066 9,392 14,470 95
Total (all) 18,602 31,232 11,220 4,255 10,841 15,230 100
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Table 5.  Water quality parameters averaged over depth at each station.  Abbreviations: DO = dissolved oxygen, N+N = nitrate plus nitrite,

Chl a = Chlorophyll a, no. = number.

Station

no.

Long-term

Station no.

Depth

(m)

Temperature

(°C)

Salinity

(ppt)

D O

(mg l )-1

pH Chl a

(mg l )-1

4NH

(µM)

N+N

(µM)

4PO

(µM)

4SiO

(µM)

1 A 1.0 25.28 29.06 6.93 7.94 9.18 1.74 1.28 0.28 73.26

2 B 1.5 24.80 29.19 6.66 7.87 4.17 1.37 1.42 0.39 66.69

3 C 2.5 23.92 31.05 6.51 7.89 4.73 1.42 2.13 0.21 39.72

4 D 3.7 23.30 30.99 6.58 8.00 2.05 0.94 0.98 0.22 25.59

5 2.0 24.04 30.51 6.50 7.87 4.84 2.43 1.20 0.50 17.75

6 2.7 23.56 29.94 6.96 7.94 10.83 1.33 3.24 0.65 29.78

7 E 3.5 23.05 31.10 6.96 7.97 1.61 0.96 0.81 0.28 21.62

8 2.5 23.75 30.93 7.28 8.04 3.55 0.81 0.44 0.32 10.68

9 F 1.5 25.30 30.45 7.67 8.06 5.90 0.85 0.49 0.38 19.73

10 1.0 26.05 22.24 7.59 7.89 7.98 15.55 64.13 4.69 98.17

11 0.4 28.45 28.32 10.83 8.32 2.67 1.55 2.13 0.25 73.07

12 0.4 28.20 27.18 9.40 8.08 6.12 5.14 19.04 1.48 79.97

13 0.3 29.01 25.61 10.89 8.34 17.48 0.79 0.64 0.08 41.90

14 0.2 30.10 26.78 9.64 8.36 21.39 0.83 0.68 0.15 67.45

15 0.8 26.45 30.34 7.19 7.99 14.00 1.37 2.12 1.36 35.89

16 1.0 25.68 4.63 7.59 8.30 4.21 14.19 143.24 9.57 125.51

17 1.0 25.40 33.50 6.40 7.75 1.77 1.02 1.11 1.34 104.95

18 1.0 25.78 31.79 6.81 7.93 2.17 0.85 0.89 0.68 44.54
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Table 6.  Sediment characteristics averaged over depth at each station.  Abbreviations: C = Carbon, N = Nitrogen, TOC = Total Organic

Carbon, no. = number.

Station

no.

Long-

term no.

Depth

(m)

* N15

(‰)

N

(%)

* C13

(‰)

C

(%)

TOC

(%)

Porosity

(%)

Rubble

(%)

Sand

(%)

Silt

(%)

Clay

(%)

1 A 1.00 7.03 0.04 -13.53 0.80 0.44 45 1.3 50.0 14.6 34.1

2 B 1.50 7.52 0.10 -14.22 1.36 0.88 62 0.3 19.1 27.6 53.0

3 C 2.50 7.52 0.07 -9.28 1.38 0.52 50 1.7 29.6 23.4 45.3

4 D 3.70 8.25 0.12 -11.91 1.69 0.95 65 1.9 27.8 21.4 49.0

5 2.00 9.72 0.11 -5.12 4.71 0.59 54 40.3 17.5 10.9 31.4

6 2.70 8.76 0.07 -3.71 5.10 0.47 49 46.4 13.6 9.4 30.6

7 E 3.50 8.31 0.13 -11.69 1.86 0.99 69 0.3 7.6 18.7 73.4

8 2.50 7.95 0.13 -10.18 2.55 0.99 65 0.3 7.8 9.2 82.6

9 F 1.50 7.71 0.07 -8.86 1.89 0.52 50 2.4 23.9 31.4 42.2

10 1.00 8.25 0.11 -8.82 2.47 0.66 59 1.4 7.5 42.4 48.7

11 0.40 9.07 0.06 -8.72 1.20 0.39 46 10.5 34.0 28.2 27.3

12 0.40 9.48 0.04 -9.01 0.73 0.25 38 4.9 73.6 9.2 12.2

13 0.30 7.43 0.09 -13.99 0.86 0.54 54 0.3 51.9 20.2 27.5

14 0.20 5.55 0.07 -10.58 1.03 0.42 42 0.3 54.9 24.0 20.9

15 0.80 8.82 0.06 -8.16 1.77 0.39 41 0.7 49.7 31.3 18.3

16 1.00 7.19 0.06 -8.81 1.88 0.48 42 0.9 38.4 33.9 26.9

17 1.00 8.20 0.07 -7.85 1.55 0.44 46 3.6 33.8 15.8 46.8

18 1.00 8.15 0.07 -8.26 1.38 0.44 52 3.0 23.7 22.4 50.9
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Table 7.  Pearson correlations and significance in parentheses between biotic variables and principal

component scores for hydrography and sediments all stations.  Significant relationships in bold.

Hydrographic Data Sediment Data

Biotic Variable PC1 PC2 PC1 PC2

Richness (S) -0.2836 -0.22618 0.05525 -0.47081

(0.2542) (0.3668) (0.8276) (0.0486)

Diversity (N1) -0.3179 -0.15273 -0.04617 -0.33272

(0.1986) (0.5452) (0.8556) (0.1773)

Biomass (g m ) -0.1923 0.44572 -0.14589 -0.260182

(0.4446) (0.0638) (0.5635) (0.2971)

Abundance (n m ) 0.13534 0.62597 -0.24924 -0.500742

(0.5924) (0.0055) (0.3186) (0.0343)
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Table 8.  Environmental variables that correlated highest with macrofaunal communities as

determined by the BIO-ENV procedure.

No. of

Variables

Pearson

Correlation

w(D )

Variable Selections

5 0.540 % Carbon, Mean Temperature, Mean pH, Depth, Bottom Temperature

5 0.539 % Clay, % Carbon, Mean Temperature, Mean pH, Depth

3 0.538 Mean Temperature, Mean pH, Depth

3 0.537 Mean pH, Depth, Bottom Temperature

4 0.537 % Carbon, Mean pH, Depth, Bottom Temperature

5 0.537 % Clay, % Carbon, Mean pH, Depth, Bottom Temperature

4 0.536 % Carbon, Mean Temp, Mean pH, Depth

6 0.536 % Silt, % Carbon, Mean Temperature, Mean pH, Depth, Bottom

Temperature

6 0.536 % Rubble, % Clay, Mean Temperature, Mean pH, Depth, Bottom

Temperature

6 0.536 % Clay, % Carbon, Mean Temperature, Mean pH, Depth, Bottom

Temperature

2 0.536 Mean pH, Depth

ÿ ÿ ÿ

1 0.482 Mean Temperature

1 0.464 Bottom Temperature

1 0.461 Depth
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Figure 1.  Map of sampling stations in Lavaca-Colorado Estuary.
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Figure 2.  Magnified map of sampling stations in Matagorda Bay.
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Figure 3.  Macrofaunal abundance at sampling stations in Lavaca-Colorado Estuary.
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Figure 4.  Macrofaunal biomass at sampling stations in Lavaca-Colorado Estuary.



30

Figure 5.  Hill’s N1 diversity of macrofauna at sampling stations in Lavaca-Colorado Estuary.
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Figure 6.  Similarity of stations based on a cluster analysis of the species abundances at each station.
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Figure 7.  Non metric multidimensional scaling plot and cluster analysis of species counts for each

station.  Analysis used log transformed data in a Bray-Curtis Similarity matrix.
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Figure 8.  Plots of the first two principal components (PC) resulting from analysis of water quality

data. A) PC loadings, and PC station scores labeled by B) station and C) depth in water

column; T = top, B = bottom. Temp = temperature, DO = dissolved oxygen, Chl =

chlorophyll a.
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Figure 9.  Plots of the first two principal components (PC) resulting from analysis of sediment data.

A) PC loadings and B) PC station scores labeled by station.  TOC = Total Organic Carbon.
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