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Water-Quality, Sediment-Quality, Stream-Habitat,
and Biological Data for Mustang Bayou Near
Houston, Texas, 2004—05

By Debra A. Sneck-Fahrer and Jeffery W. East

Abstract

The U.S. Geological Survey, in cooperation with the Houston-Galveston Area Council and
the Texas Commission on Environmental Quality, collected water-quality, stream-habitat, and
biological data from six sites (downstream order M6—M1), primarily in Brazoria County southeast
of Houston, Texas, during September 2004—August 2005 and bed sediment data from one site in
September 2005. Water-quality data collection consisted of continuously monitored (for periods of
24 hours to several days, six times) water temperature, pH, specific conductance, and dissolved
oxygen and periodically collected samples of several properties and constituents. Monitored
dissolved oxygen measurements were below minimum and 24-hour criteria at all sites except M2.
Nitrogen compounds, phosphorus, biochemical oxygen demand, chlorophyll-a, E. coli, chloride,
sulfate, solids, suspended sediment concentration, and pesticides were assessed at all sites.
Concentrations of nitrogen compounds and phosphorus did not exceed Texas State screening
levels. Biochemical oxygen demand was below 4.0 milligrams per liter at all sites except M6,
where the maximum concentration was 8.1 milligrams per liter. Concentrations of chlorophyll-a
were less than the State screening level at all sites except M6, where four of eight samples equaled
or exceeded the screening level. Twenty of 48 samples from Mustang Bayou had concentrations of
E. coli that exceeded the State single-sample water-quality standard. Median chloride
concentrations from each site were between 42.2 and 123 milligrams per liter. Fifteen pesticide
compounds (six herbicides and nine insecticides) were detected in 24 water samples. The most
frequently detected pesticide was atrazine, which was found in every sample. Other frequently
detected pesticides were CIAT, prometon, tebuthiuron, fipronil, and the pesticide degradates,
fipronil sulfide, and fipronil sulfone. Sediment samples were collected from the stream bottom at
M1 and analyzed for concentrations of trace elements (metals), polycyclic aromatic hydrocarbons,
organochlorine pesticides, and polychlorinated biphenyls. No organochlorine pesticides or
polychlorinated biphenyls were detected. No concentrations of metals exceeded State screening
levels. Measurable concentrations of 11 polycyclic aromatic hydrocarbon compounds were
detected at measurable concentrations, and three other PAH compounds were detected but not
quantified by the laboratory. Stream habitat and aquatic biota (benthic macroinvertebrates and fish)
were surveyed at each site three times during the study to evaluate aquatic life use. Characteristics
of habitat measured during each survey were scored using a habitat quality index. Average aquatic-
life-use scores were “limited” for M3-M6 and ““intermediate” for M1 and M2. A total of 2,557
macroinvertebrate individuals were identified from Mustang Bayou. Benthic macroinvertebrate
assemblages were scored using indexes specified by the Texas Commission on Environmental
Quiality. Average aquatic-life-use scores were “limited” at M1, “intermediate” at M3-M6, and
“high” at M2. Forty-six species of fish representing 20 families were collected from Mustang



Bayou. A total of 4,115 fish were collected. Sunfish (Centrarchidae) was the most abundant family,
accounting for about 28 percent. Aquatic-life-use scores at sites in Mustang Bayou were
determined using the regional Index of Biotic Integrity for Ecoregion 34 and were “high” for all
sites.

Introduction

The Texas Commission on Environmental Quality (TCEQ) administers water-quality
management programs with the goal of protecting, maintaining, and restoring water resources in
Texas. One program is the Texas Clean Rivers Program (CRP), which was established by the 1991
Texas Legislature. Under the CRP, water-quality monitoring and assessments are conducted in 23
river and coastal basins statewide through contracts with partner agencies. The Houston-Galveston
Area Council (H-GAC) is the partner agency for a 13-county service area in southeast Texas that
includes the Houston metropolitan area. Biannually, CRP partners may do systematic monitoring
studies whereby a variety of data are collected in water bodies that are not monitored routinely.
Data from these special studies help to determine whether additional assessment is needed to
evaluate human-health concerns, the status of ecological conditions, or designated stream uses.

Mustang Bayou is southeast of Houston, Tex., primarily in Brazoria County, with the
northwestern part of the watershed extending into Fort Bend County (fig. 1). With headwaters
northwest of Fresno, Mustang Bayou extends approximately 30 miles to the southeast. Mustang
Bayou has been extensively modified from its natural state, and many sections have been
channelized. No segments of Mustang Bayou are currently (2007) listed on either the State 303(d)
list for water-quality impairment or the 305(b) report for water-quality concerns (Texas
Commission on Environmental Quality, 2005). However, urban development is occurring in the
watershed, increasing the possibility of changes in the water quality, physical stream habitat, and
aquatic biota.

Previous studies of Mustang Bayou include two Receiving Water Assessments (Luedke,
1997; Kelly, 2003) and a Use Attainability Assessment (Texas Natural Resource Conservation
Commission, 1999a). However, because each study was local and addressed different aspects of
water quality, physical stream habitat, and aquatic biota, these studies did not facilitate adoption of
water-quality standards or classification of the aquatic life use of the bayou by the Texas
Commission on Environmental Quality. The current classification of Mustang Bayou is “high
aquatic life use,” which is that assumed for unclassified stream segments.

To better understand the combined effect of channelization and chemical or bacterial input
on the ecological health of Mustang Bayou, the U.S. Geological Survey (USGS), in cooperation
with H-GAC and TCEQ, conducted an assessment of current conditions at six sites on the stream.
Water-quality, stream habitat, and biological data were collected during September 2004—August
2005. Bed sediment data were collected at one site in September 2005. As a part of this study, these
data were used to determine spatial variations in water quality and biological indicators to provide
a more complete understanding of the relation between water-quality, physical habitat conditions,
and biological metrics. In addition, data were assessed by applying State screening thresholds for
selected water- and sediment-quality constituents and indexes for aquatic life use to water-quality
results and calculated habitat and biological metrics, respectively (Texas Commission on
Environmental Quality, 2003a).



Purpose and Scope

The purpose of this report is to present water-quality, sediment-quality, stream-habitat, and
biological data collected from selected sites on Mustang Bayou during September 2004—August
2005 and sediment-quality data in September 2005. Water-quality properties were recorded
continuously at six sites six times each during the study with monitoring periods of 24 hours to
several days. Water-quality samples were collected at the six sites approximately bimonthly. Bed-
sediment data were collected at one site in September 2005. Stream-habitat and biological (benthic
macroinvertebrate and fish) data were collected from a representative reach at each of the six sites
in September 2004, April 2005, and August 2005.

Methods of assessment used during this study are described, and data are presented to
compare water-quality changes at and among sites during the study period. This report evaluates
biological data using standard indexes to assess the general health of the aquatic environment.
Graphical techniques and computation of coefficients are used to compare data between stream
reaches. Stream habitat and biological communities were scored on the basis of appropriate metrics
using TCEQ protocol to evaluate aquatic-life-use ratings for each site (Texas Commission on
Environmental Quality, 2003a).

Description of Study Area

The Mustang Bayou watershed, a drainage area of slightly more than 100 square miles, is in
the Western Gulf Coastal Plain (Ecoregion 34) (Griffith and others, 2004), which is characterized
by Quaternary-age deltaic sands, silts, and clays. The Coastal Plain has a very low gradient so that
streams generally are sluggish and have many meanders (Griffith and others, 2004). Land-cover
types in the Mustang Bayou watershed (fig. 2) include grassland (about 51 percent), woody land
(about 20 percent), and low-intensity developed (about 12 percent). Land use primarily is rural
agriculture where channelized streams and irrigation canals are common. Natural vegetation
comprises various grasses. Production of oil and gas is common in the lower part of the watershed.
Urban development is occurring in the upper part of the watershed and near the largest city, Alvin,
which had a population in 2000 of about 241,700 people (Texas State Data Center, 2005). There
are ten permitted wastewater dischargers in the watershed (fig. 1).

The climate along the Western Gulf Coastal Plain is influenced by the Gulf of Mexico and
is classified as humid subtropical (Texas State Climatologist, 2004), which is characterized by cool
and temperate winters, long and hot summers, high relative humidity, and prevailing winds from
the south and southeast. A weather observation site near the center of the Mustang Bayou
watershed (National Weather Service site 80204, Alvin), was used to characterize temperature and
rainfall for this study. During the study, temperatures measured at the Alvin site ranged from a
mean of about 55 degrees Fahrenheit (OF) in the winter (December—February) to a mean of about 84
F in the summer (J une—August), with maximum temperatures commonly higher than 90 F
(National Climatic Data Center, 2004, 2005). During the study, total rainfall was 43.17 inches
(National Climatic Data Center, 2004, 2005); 16.43 inches of this amount occurred in November
2004 (fig. 3).
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Water-Quality Data

Water-quality data were collected to identify differences in physiochemical conditions
among six sampling sites on Mustang Bayou (fig. 1; table 1). Data were grouped by (1) continuous
water-quality-monitoring data—properties measured with a multiprobe instrument deployed at
each site; and (2) water-sampling data—properties and constituents determined from periodically
collected samples.

Continuously Monitored Water-Quality Properties

Instream, continuous data were used to characterize diurnal fluctuations in water-quality
conditions in Mustang Bayou. Multiprobe, water-quality monitors were deployed at six sites for a
minimum of 24 hours to several days in September, 2004, and January, April, June, July, and
August, 2005. At each site, monitors were deployed at sites that were typical of depth and flow
conditions of the stream reach used for biological data collection. Instream water temperature, pH,
specific conductance, and dissolved oxygen were measured and logged by the monitor every 15
minutes.

Measured water temperatures (table 2) ranged from a minimum of 14.4 degrees Celsius (OC)
in January 2005 at M2 to a maximum of 36.8 'C in August 2005 at M6. The average mean water
temperature measured from deployments in June through August 2005 for all stations was 27.4 "C.
Median pH values (table 3) from all sites varied from 6.9 to 8.0 standard units. The maximum pH
of 8.8 standard pH units was measured at M4 in August 2005. The minimum pH was 6.8 standard
pH units at M5 in September 2004. Specific conductance (table 4) generally was lower at upstream
sites, M5 and M6, than at downstream sites. For all sites, values ranged from 372 microsiemens per
centimeter (uS/cm) at M3 to 2,050 uS/cm at M4. Because available specific conductance data
reflect only small periods during the year, the true extent of tidal influence, which includes specific
conductance equal to or greater than 3,077 uS/cm (Texas Commission on Environmental Quality,
2003a), could not be determined. However, because of the proximity of M1 to the Gulf coast, the
fluctuation of water levels caused by tidal activity, and the persistence of saltwater fish collected at
the site, water-quality criteria applicable to saltwater are used for this site.

Dissolved oxygen is a primary component used to evaluate the suitability of a stream to
sustain aquatic life. Fish that are intolerant of low levels of oxygen become stressed when
concentrations of dissolved oxygen fall below about 5 milligrams per liter (mg/L). At levels below
2 mg/L, fish kills can result (Fram, 2006). To maintain dissolved oxygen levels that will support
fish, the Texas Commission on Environmental Quality (2003a) has established mean and minimum
standards for dissolved oxygen levels in natural waters, depending on the type of stream
(freshwater, M2—-MS5; intermittent, M6; and tidal, M1) (table 5). The 24-hour mean dissolved
oxygen standard is 5.0 mg/L for perennial freshwater streams, 3.0 mg/L for intermittent streams,
and 4.0 for tidally-influenced streams. The minimum standard is 3.0 mg/L for perennial freshwater
and tidally influenced streams and 2.0 mg/L for intermittent streams.

Mean dissolved oxygen concentrations from Mustang Bayou (table 5) were below the 24-
hour average dissolved oxygen standard in at least one monitoring period at all sites except for M2.
Minimum dissolved oxygen concentrations were below the minimum standards 40 to 67 percent of
the time at all sites except M2. The lowest concentrations of dissolved oxygen were measured in



July and August when water temperatures exceeded 30 'C and measured streamflows generally
were low. Graphed concentrations of dissolved oxygen for M4 and M5 in August 2005 show a
diurnal pattern in which concentrations are below minimum criteria about 25 percent of each day at
M4 and 50 percent of each day at M5 (fig. 4).

Periodically Collected Water-Quality Properties and Constituents

Eight discrete water samples were collected at each site. Before sample collection, water
temperature, specific conductance, pH, and dissolved oxygen data were collected at three sections
in the stream to determine uniformity of physical conditions across the channel. Water (grab)
samples were collected at the center of the stream using methods described in a Texas Natural
Resource Conservation Commission (1999b) procedures manual. All chemical and biological
samples were maintained at less than 4 "C until analysis. Thirty-one physical properties, chemical
constituents, and biological constituents were measured from each water sample. Concentrations of
52 soluble pesticide compounds were measured from four of the eight water samples from each site
(appendix 1). Water-quality constituents quantified in laboratory analyses were

1. Nutrients (total nitrogen, organic nitrogen as nitrogen, ammonia plus organic nitrogen as
nitrogen, ammonia as nitrogen, nitrite plus nitrate as nitrogen, nitrite as nitrogen, nitrate as
nitrogen, orthophosphate as phosphorus, total phosphorus)

2. Biochemical oxygen demand (BOD) and carbonaceous biochemical oxygen demand
(CBOD)

Phytoplankton (pheophytin, chlorophyll-a)
E. coli fecal indicator bacteria

Chloride and sulfate

Dissolved and suspended solids

Suspended sediment concentration

o NN AW

Pesticides

Fecal indicator bacteria, BOD, and CBOD analyses (Myers and Wilde, 2003) were done at
the USGS Texas Water Science Center Gulf Coast Program office. Suspended sediment
concentrations were analyzed (Guy, 1969) at the USGS Louisiana Water Science Center Sediment
Laboratory. All other analyses were done at the USGS National Water Quality Laboratory
(NWQL) in Denver, Colo. using methods described in Fishman and Friedman (1989), Patton and
Truitt (1992), Fishman (1993), Zaugg and others (1995), Lindley and others (1996), Patton and
Truitt (2000), Sandstrom and others (2001), and Madsen and others (2003).

Concentrations of selected water-quality constituents (nutrients, BOD, chlorophyll-a, E.
coli, chloride, sulfate, suspended solids, dissolved solids, and selected pesticides) were compared
among the six sites (figs. 5-8). For some of these constituents, the TCEQ has developed screening
levels to identify secondary concerns (table 6) in streams for which water-quality standards have
not been adopted (Texas Commission on Environmental Quality, 2003a). Although screening
levels do not represent State criteria, exceedances of those levels might indicate a potential water-
quality concern. E. coli concentrations are used to evaluate whether a primary concern exists for
contact and non-contact recreation. The single-sample water-quality standard for E. coli is 394
colonies per 100 milliliters (cols./100 mL) (Texas Commission on Environmental Quality (2003a).
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Nutrients

Distributions of ammonia, ammonia plus organic nitrogen, nitrite, nitrite plus nitrate,
orthophosphate, and total phosphorus are shown in figure 5. Screening levels were not exceeded in
any sample.

Nitrogen compounds naturally occur in the environment, usually in small amounts in
surface water, and include ammonia, organic nitrogen, nitrite, and nitrate. The largest concentration
of ammonia was 0.21 mg/L, measured from a sample at M1 (fig. SA). The median concentration
from all sites combined was 0.04 mg/L. The largest ammonia plus organic nitrogen concentration
(2.8 mg/L) was measured from M6 (fig. 5B). Of this amount, organic nitrogen was computed to be
2.7 mg/L. Computations, subtracting ammonia concentrations from ammonia plus organic nitrogen
concentrations, showed that organic nitrogen contributed between about 85 to 95 percent of the
concentration of ammonia plus organic nitrogen measured at all sites. The median ammonia plus
organic nitrogen concentration from all samples was 0.46 mg/L. Nitrite concentrations in Mustang
Bayou (fig. 5C) ranged from 0.001 mg/L at M1 and M4-M6 to 0.072 mg/L at M1. The median
nitrite concentration was 0.004 mg/L. Nitrite plus nitrate concentrations (fig. SD) ranged from less
than or at the reporting level (0.016 mg/L) at all sites to a maximum concentration of 0.67 mg/L at
M1. The median nitrite plus nitrate concentration for all combined samples was 0.024 mg/L.
Computations, subtracting nitrite concentrations from nitrite plus nitrate concentrations showed
that nitrate contributed about 85 to 92 percent to the combined concentration.

Total phosphorus includes dissolved forms as well as phosphorus attached to sediment
particles and in living organisms like algae and bacteria. Phosphorus can be introduced to the water
through a variety of sources that include animal waste, domestic and wild waterfowl, tree leaves,
and fallout from the atmosphere. Orthophosphate is an inorganic form of phosphorus that is used
by plants. It is produced by natural processes and also is found in sewage (Hem, 1985).
Orthophosphate concentrations (fig. SE) were largest at M1 with a maximum concentration of
0.341 mg/L. Maximum concentrations at the remaining sites were less than 0.1 mg/L. The median
orthophosphate concentration for all samples from Mustang Bayou was 0.042 mg/L. The
contribution of orthophosphate to the total phosphorus concentration ranged from about 4 percent
at M6 to 72 percent at M1. Total phosphorus concentrations (fig. SF) were largest at M1; the
maximum concentration was 0.45 mg/L. The median total phosphorus concentration from all sites
was 0.11 mg/L.

Biochemical Oxygen Demand, Chlorophyll-a, and E. coli

BOD is the measure of oxygen consumption by micro-organisms during decomposition of
organic material. If the BOD of decomposition is large, dissolved oxygen levels can be driven
toward zero. BOD concentrations were below 4.0 mg/L at all sites except for M6 (fig. 6A). At M6,
the largest measured BOD (8.1 mg/L) was in July 2005, a period when there was zero streamflow.
The combination of no flow, high water temperatures, and abundant organic matter at the site
might have contributed to elevated BOD concentrations. The median BOD concentration from all
samples was 2.0 mg/L.

Chlorophyll-a is a photosynthetic pigment in algae and other green plants. The
concentration of chlorophyll-a is used to estimate the amount of phytoplankton in a water body
(Porter and others, 1993). In Mustang Bayou, concentrations of chlorophyll-a were less than the
screening level (11.6 micrograms per liter [pug/L]) at all sites except at M6, where four of eight
samples exceeded 11.6 pug/L (fig. 6B); all exceedances occurred during the summer (June—
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September). The maximum chlorophyll-a concentration at M6 was 56.6 pg/L; the median
concentration was 8.4 ug/L. Median concentrations at the remaining sites ranged from 1.2 pug/L at
MS5 to 2.6 ug/L at M1. The median concentration from all samples was 1.8 pg/L.

E. coli is a fecal-indicator bacteria used to signal the potential presence of harmful
pathogens in the water that come from warm-blooded animals. Concentrations of E. coli exceeded
394 cols./100 mL, the State standard for contact and noncontact recreation, in 20 of 48 samples
from Mustang Bayou (fig. 6C). The largest concentration (4,000 cols./100 mL) was measured at
M6. The largest concentrations at all sites except M3 came from samples collected during March,
when there was increased streamflow from rainfall runoff. At M3, the largest concentration of E.
coli was measured in July during low-flow conditions. The median concentration from all samples
was 220 cols./100 mL. Median concentrations at each site ranged from 69 cols./100 mL at M4 to
1,200 cols./100 mL at M3.

Chloride, Sulfate, Suspended Solids, and Dissolved Solids

Chloride, sulfate, suspended solids, and dissolved solids are not used as indicators for the
suitability of streams for aquatic life use; however they do provide additional information on the
quality of the water for general uses and the aesthetic appeal of a water body. In Mustang Bayou,
chloride concentrations reflected the pattern of specific conductance measurements at the sites. The
maximum chloride concentration (fig. 7A) was 454 mg/L at M4. Median chloride concentrations
ranged from 42.2 mg/L at M6 to 123 mg/L at M 1. The median chloride concentration from all sites
was 69.1 mg/L. Both maximum (68.4 mg/L) and minimum (2.7 mg/L) sulfate concentrations were
measured at M6 (fig. 7B). Maximum sulfate concentrations were less than 30 mg/L at all other
sites. The median sulfate concentration from all sites at Mustang Bayou was 19.8 mg/L.

The largest concentration of suspended solids was 240 mg/L measured at M6 (fig. 7C).
Maximum concentrations occurred at all sites with the exception of M6 in March during high
streamflows (appendix 1). The median concentration of suspended solids from all samples was
16.0 mg/L. The largest concentration of dissolved solids was 1,050 mg/L measured at M4 (fig. 7D).
The median concentration of dissolved solids from all samples was 346 mg/L.

Pesticides

Fifteen pesticide compounds (six herbicides and nine insecticides) were detected in 24
water samples collected from Mustang Bayou (four samples at each site) (table 7; appendix 1). The
most frequently detected herbicide compounds were atrazine (24 detections), CIAT, a degradation
product of atrazine (19 detections), prometon (17 detections) and tebuthiuron (17 detections). The
most frequently detected insecticides were fipronil (7 detections) and two of its breakdown
products, fipronil sulfide (9 detections) and fipronil sulfone (7 detections). The USEPA has
established either MCLs or Health Advisories (HAs) for many of these compounds. For atrazine,
the MCL is 3.0 pg/L; for prometon, the non-cancer lifetime HA is 100 pg/L; for tebuthiuron, the
non-cancer lifetime HA is 500 pg/L (U.S. Environmental Protection Agency, 2004). No
concentrations of any pesticides detected in Mustang Bayou exceeded their respective MCLs or
HAs.

Atrazine is one of the most widely-used herbicides in the United States, and it is the most
frequently detected herbicide in streams that flow in agricultural areas (U.S. Geological Survey,
1999). Atrazine was detected in every sample; concentrations ranged from 0.010 pg/L to 1.42 pg/L,
with a median concentration of 0.089 pg/L (fig. 8). Concentrations of CIAT ranged from less than
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the reporting level (0.006 pg/L) to a maximum concentration of 0.167 pg/L. at M6. The median
CIAT concentration at all sites was 0.008 pg/L (fig. 8).

Prometon and tebuthiuron generally are not used for crops but for weed control around
structures and roads. Prometon was detected in low concentrations in samples from Mustang
Bayou. The maximum concentration was 0.03 pg/L at M2. The median concentration for all
samples was at the reporting level (0.01 pg/L) (fig. 8). The maximum concentration of tebuthiuron
(0.09 pg/L) was measured at M3. The median concentration for all samples was 0.03 pg/L. The
detection frequency of tebuthiuron increased downstream from zero at M6 to 100 percent at M 1—
M3 (appendix 1).

Insecticide concentrations in Mustang Bayou were less than 0.1 pg/L. Fipronil was detected
in seven of 24 samples (table 7). All concentrations were reported as estimated because of
relatively poor recovery of that compound during analysis (Sandstrom and others, 2001). Fipronil
was most frequently detected in water samples from M1 (3 of 4 samples) with a maximum
concentration of 0.033 ug/L (appendix 1). Fipronil sulfide and fipronil sulfone also were detected
in three of four samples from M1. Maximum concentrations of fipronil sulfide (0.075 pg/L) and
fipronil sulfone (0.024 pg/L) were measured at M3.

Quality Assurance and Quality Control

All sample collection and processing procedures, data management, and documentation are
described by the Texas Natural Resource Conservation Commission (1999b) and the Texas
Commission on Environmental Quality (2003b), and they are described in the Investigation Quality
Assurance Project Plan (QAPP).

Quality control (QC) samples consisting of a field blank, a matrix spike, and replicates
(appendix 2) were used to evaluate the extent to which contamination, characteristics of the water
(matrix), and measurement variability affected analytical results (Mueller and others, 1997). About
17 percent of the water samples collected were QC samples. Further explanation of QC sample
types and their usage are described in Mueller and others (1997).

One field blank was collected and processed at the site, immediately before the associated
environmental sample, to identify potential contamination from field activities associated with data
collection. No concentrations of any constituent exceeded the minimum reporting level for that
constituent. One water sample was spiked with known volumes and concentrations of pesticide
compounds. Laboratory recoveries from the matrix-spike sample were within method-acceptance
ranges for all constituents. Additional water was collected seven times during the study to split into
two samples; one was designated as the environmental sample and the other was a split replicate of
that sample. Analytical results from each sample set were compared by calculating the relative
percentage difference (RPD) for each constituent. The RPD, specified for this project in the QAPP,
was 20 percent and calculated using the equation

RPD = [S1-SJ/[(S1 + $2)/2] X 100,

where

S| = concentration from environmental sample; and

S, = concentration from replicate sample.
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The RPD exceeded 20 percent for one of six sample pairs of turbidity; one of six sample
pairs of E. coli; three of seven sample pairs of chlorophyll-a, three of seven sample pairs of
pheophytin-a, one of seven pairs of ammonia, two of six pairs of suspended solids, and two of six
sample pairs of suspended sediment. The RPD exceeded 20 percent for ammonia when constituent
concentrations were very low so that even small variability in analytical results caused relatively
large RPDs. Most exceedances occurred for biological and sediment-related constituents. Because
of inherent heterogeneity of these constituents in water, sample processing, and laboratory analysis,
differences in concentrations caused by sampling imprecision (field) or analytical procedures and
instrumentation (laboratory) generally were inseparable.

Sediment-Quality Data

Sediment was collected from the stream bottom at M1 using methods described by Radtke,
(1997) and the Texas Commission on Environmental Quality (2003b). An alternative method of
sample collection, large-volume suspended-sediment (LVSS) sampling (Mahler and Van Metre,
2003), was attempted at this site. However, flat topography, low water velocities, and tidal
fluctuations at the site made it impossible to collect suspended sediment from high flows. Water
temperature, specific conductance, pH, and dissolved oxygen were collected with the samples to
characterize water conditions of the overlying water column. The top centimeter of sediment was
retained from several subsamples to capture the most recently deposited material. Analyses to
determine concentrations of 62 selected trace elements (metals), polycyclic aromatic hydrocarbons
(PAHSs), organochlorine pesticides, and polychlorinated biphenyls (PCBs) in the streambed
sediment (appendix 3) were completed at the USGS NWQL (Fishman and Friedman, 1989;
Garbarino and Struzeski, 1998; U.S. Environmental Protection Agency, 1998; Noriega and others,
2004; Olson and others, 2004).

The Texas Commission on Environmental Quality (2003a) has established guidelines to
assess the toxicity of sediment in streams. No organochlorine pesticides or PCBs were detected. No
concentrations of metals exceeded state screening levels. Eleven PAH compounds were detected at
measurable concentrations, and three other PAH compounds were detected but not quantified by
the laboratory. All concentrations were below respective sediment-quality screening levels.
Analytical results are presented in appendix 3.

Habitat Data

Stream-habitat data were collected at each site three times during the study, in September
2004, April 2005, and August 2005. At each site, a representative stream reach was selected (Texas
Natural Resource Conservation Commission, 1999b). Within this reach, five evenly spaced stream
transects were identified. At each transect, stream-channel attributes (for example, wetted channel
width, water depths, bottom materials, instream cover) and riparian attributes (bank slope and
erosion potential, width of natural vegetation, types of vegetation, percentage tree canopy)
attributes were measured. The number of stream bends and riffles and overall aesthetic condition
also were noted. A Habitat Quality Index (HQI) was computed for each site using aquatic life use
scoring described by the Texas Commission on Environmental Quality (2003a).

Mustang Bayou has been channelized through much of its length, including parts of the
study area. Between September 2004 and August 2005, channel rectification occurred at three sites
(M2, M3, and M5) that included widening and removal of instream and riparian vegetation.
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Channel sinuosity was generally poor and characterized by poorly and moderately defined bends;
at two sites, M1 and M6, the bayou was straight.

The physical characteristics of a stream channel and riparian characteristics can influence
the structure and function of the benthic macroinvertebrate and fish communities (Stauffer and
others, 2000; Brasher and others, 2003; Powers and others, 2003). The dominant substrate type
noted at all Mustang Bayou sites was silt, with minor amounts of sand and clay. Minor amounts of
gravel or gravel-sized bed material (shells) were at M2, M3, and M4. One riffle was consistently
observed at M2 and one also was noted at M3 in August 2005 during very low flow. Instream
cover, which provides habitat for benthic macroinvertebrates and fish, consisted primarily of
macrophytes, algae, and minor amounts of vegetation overhanging from the banks. Data and
computed metrics that describe habitat for each site and survey are in appendix 4.

Habitat metrics measured during each survey indicate an HQI aquatic-life-use score of
“limited” (8—13) during at least one survey at all sites except M2 (table 8). HQI scores were
“limited” for every survey at M6. Highest HQI scores for all sites were “intermediate” (14-19).
Average HQI scores for three surveys were “limited” for sites M3—M6 and “intermediate” for M1
and M2 (table 9).

Lower HQI scores might not indicate degraded physical habitat compared to the natural
condition of small streams in the Western Gulf Coastal Plain Ecoregion (such as Mustang Bayou)
because some metrics scored as part of the HQI are not naturally characteristic of such streams.
Natural attributes of these streams, including soft (sand and clay) substrate, minor amount of riffles
to complete lack of riffles, relatively-uniform channels, and no defined pools result in a lower score
based on the HQI. However, other metrics observed at Mustang Bayou, such as the lack of channel
sinuosity, the lack of riparian vegetation, and overall degraded aesthetics, also contributed to the
limited and intermediate classifications.

Biological Data

Benthic macroinvertebrate and fish data were collected from the same reaches identified for
habitat evaluation. Three surveys were done to account for seasonal differences in biotic
distribution.

Benthic Macroinvertebrates

Benthic macroinvertebrate data were collected using a single, 5-minute interval of sampling
with a D-frame net with 600-micron mesh that sampled available habitats at each site. Samples
were preserved in 10-percent buffered formalin solution and shipped to a contract laboratory
(EcoAnalysts, Inc., Moscow, Idaho) to be identified and enumerated. At the laboratory, organisms
from each site were sorted, subsampled, and identified to the species level where possible (Lester,
2004). A reference collection, with at least one individual of each taxon identified, was provided to
the USGS by EcoAnalysts, Inc. A tolerance value and functional feeding-group designation were
assigned to each benthic macroinvertebrate taxon as defined by TCEQ classification guidance
(Texas Natural Resource Conservation Commission, 1999b). Each macroinvertebrate community
was assessed on the basis of metrics described in “Surface Water Quality Monitoring Procedures,
Volume 2” (Texas Commission on Environmental Quality, 2005).

As part of the initial biological survey (September 2004 ), the benthic macroinvertebrate
sample from one site was split to create a primary sample and replicate samples. This was done by
dividing the sample into subsections and identifying and enumerating all individuals in each
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subsection until a minimum of 100 individuals were obtained (Texas Natural Resource
Conservation Commission, 1999b). The samples were compared to evaluate the efficiency of
sample separation. The numbers of taxa in the samples differed by an average of 26 percent and
indicate that a potential bias in the data can occur during sample processing.

The composition of an invertebrate community, the relative abundance of tolerant versus
intolerant individuals, and the distribution of trophic (feeding) groups reflect the aquatic health of
the water (Thomas and others, 2002; Skrobialowski and others, 2004). In Mustang Bayou,
characteristic habitat for benthic macroinvertebrate communities include low water velocities,
elevated water temperatures, mud and clay substrate, dense algal and macrophyte growth, little to
no canopy, and periods of very low (less than 2.0 mg/L) dissolved oxygen.

A total of 2,557 macroinvertebrate individuals from Mustang Bayou were identified
(appendix 5) consisting 1,509 individuals that belong to benthic, non-insect invertebrate taxa and
1,048 individuals that belong to insect taxa. The largest number of taxa (38) was collected at M3 in
September 2004. The least number of taxa (12) was collected at M1 in September 2004. Overall,
the Dipteran family Chironomidae was the most abundant (500 individuals), followed by
gastropods (primarily Hydrobiidae, 362 individuals), segmented worms (Oligochaeta, 316
individuals), amphipods (primarily Hyalella azteca, 224 individuals), and Mayflies
(Ephemeroptera) (primarily Caenis sp., 232 individuals) (appendix 5).

Non-insect taxa were more numerous than insect taxa at all sites except M2 and M3 (fig. 9;
appendix 5). About 89 percent of the individuals (445 of 502) at M6 were non-insect taxa,
primarily Limnodrilus hoffmeisteri (Oligochaeta), Hydrobiidae (Gastropoda), and Nematoda. The
most abundant non-insect taxa at the remaining sites were Hyalella sp. (Amphipoda) at M1 and at
M4; Hydrobiidae (Gastropoda) at M2 and at M3; and, Ostracoda at M5. The smallest number of
non-insect taxa identified was from M3.

The number of insect individuals collected during all surveys ranged from 57 at M6 to 292
at M3 (appendix 5). The most frequently collected aquatic insect was the mayfly, Caenis sp.
(Ephemoptera), which accounted for about 22 percent of all identified insects and was the most
abundant insect species at M1, M2, M4, and M5 from the combined surveys. The most abundant
insect species at M3 was the Polypedilum illinoense gr. (Diptera-Chironomidae). At M6, the most
abundant insect was a dragonfly of the family Coenagrionidae (Odonata); although the family
Diptera-Chironomidae comprised more species than Coenagrionidae at M6, there were fewer
individuals for each species (fig. 9).

Ephemeroptera, Plecoptera, and Tricoptera (EPT) taxa presence and abundance provide a
measure of environmental quality (Moring 2003). The number of EPT taxa (richness) from
individual surveys in Mustang Bayou ranged from zero at M6 to six at M2 (appendix 6).
Ephemeroptera taxa were relatively abundant at all sites except M6. No Plecoptera were collected
from any of the sites. At least one specimen of Tricoptera taxa was found at each site. The most
numerous Tricoptera taxon was Hydroptila sp., 12 individuals were collected during all surveys
from M2 (appendix 5).

From examination of the EPT taxa, the following observations can be made:

1. Because Plecoptera are among the most sensitive of stream insects to low dissolved oxygen
levels (Stewart and Stark, 1993) and need a substrate of gravel and cobbles, the lack of
Plecoptera taxa is compatible with observed dissolved oxygen and substrate conditions in
Mustang Bayou.

2. The genus Caenis sp. is one of the more tolerant Ephemeroptera (Texas Natural Resource
Conservation Commission, 1999b). Although other Ephemeroptera genera are present, the
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dominance of a tolerant species and minor occurrence of less tolerant Ephemoptera species
might indicate less favorable conditions.

3. Specimens of Caenis sp. were relatively abundant in the September and August surveys at
most sites (appendix 5) when unfavorable dissolved oxygen, water temperature, and flow
conditions prevailed.

Invertebrates were assigned a tolerance value that is measured on a scale from 1 to 10;
values are inversely related to stream quality (taxa/species with lower values indicate the presence
of higher stream quality). Most of the macroinvertebrate community from Mustang Bayou had
tolerance values that ranged from 4 to 10. From all surveys, 32 individuals were collected that had
tolerance values less than 4; 16 of these were collected at M2. In contrast, 240 individuals were
collected that had a tolerance value of 10; 200 of these were collected at M6.

Benthic macroinvertebrate communities were compared by computing the Hilsenhoff Biotic
Index (HBI) (Hilsenhoff, 1988). This index is computed using the equation

HBI =_[(TVj)()] ,
N

where

TV; = tolerance value for each species;
n; = number of individuals in the species; and,
N = total number of individuals in the collection.

HBIs ranged from 6.12 at M2 to 8.51 at M6 (appendix 6). These scores correlate to water-
quality classifications of fair where there is fairly significant organic enrichment to very poor
where there is severe organic enrichment (Hilsenhoff, 1988).

Vannote and others (1980) proposed that the types of macroinvertebrate communities in
streams form a continuum from the headwaters to the mouth and are correlated with the sources of
nutrition in the streams. Smaller streams of the headwaters would be dominated by
macroinvertebrates that are capable of utilizing coarser vegetation (shredders, gatherers, scrapers).
Macroinvertebrates that could utilize finer organic particulate matter (filterers, gatherers) would
increase in number downstream. Gatherers were the dominant trophic (feeding) group at most sites
in Mustang Bayou (fig. 10; appendix 6) and were about 47 percent of the overall invertebrate
community; and they were most similar to assemblages of gatherers of smaller streams described
by Vannote and others (1980). The relative abundances of predators, scrapers, and shredders were
similar, ranging on average from about 12 percent (shredders) to about 18 percent (scrapers). On
average, filterers were not a large part of assemblages at most sites (4 percent). Overall relative
abundance of trophic gatherers is less than 100 because unclassified specimens were omitted.

Benthic macroinvertebrate assemblages were scored using indexes specified by the Texas
Commission on Environmental Quality (2003a). Aquatic-life-use classifications (table 10) ranged
from “limited” at M1 in September 2004 and April 2005 to “exceptional” at M2 in April 2005.
Intermediate aquatic life use was found at M4-M6 during all surveys, at M3 in April and August,
and at M1 in August. High aquatic life use was found at M2 in September and August and at M3 in
September.
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Fish

Fish surveys involved use of a combination of seining and electrofishing (Texas Natural
Resource Conservation Commission, 1999b). After collection and identification at the stream, fish
were released. Fish collected using seining were kept separate from fish collected using
electrofishing for identification and enumeration so that the effectiveness of each method could be
assessed. Unidentified fish were analyzed by Dr. Dean Hendrickson, ichthyologist, at the Texas
Memorial Museum at the University of Texas, for final identification and storage. A tolerance
rating and trophic group were assigned to each species (Linam and Kleinsasser, 1998). An Index of
Biotic Integrity (IBI) was computed for the combined catch for each site using scoring indexes
developed to assess stream fish assemblages in the Western Gulf Coastal Plain (Ecoregion 34)
(Linam and others, 2002).

Forty-six species of fish representing 20 families were collected from Mustang Bayou (table
10). Fish taxa and individual counts from each survey are listed in appendix 7. A total of 4,115 fish
were collected. Sunfish (Centrarchidae) was the most abundant family with 1,153 individuals
collected. The most common sunfish were longear sunfish (Lepomis megalotis) with 350
individuals and bluegill (Lepomis macrochirus) with 200 individuals. Several families were
represented by only one individual. These include Gerridae (mojarras), Gobiidae (gobies),
Ophichthidae (snake eels), and Percidae (perches/darters). With the exception of the family
Percidae, these are marine or estuarine species and are not commonly collected from freshwater
streams. The presence of these and other marine families reflect the connection of Mustang Bayou
to Galveston Bay and the Gulf of Mexico. The family Percidae is represented by the dusky darter
(Percina sciera), an intolerant species that is less likely to be found in streams that are physically or
chemically disturbed, or both (Linam and Kleinsasser, 1998).

The relative abundance of major fish families at each site is shown in figure 11. Relative
abundance is less than 100 percent at some sites because several families with low representation
were omitted. Sunfishes (Centrachidae) and livebearers (Poeciliidae) composed a large percentage
at all sites except M1, where the dominant family (Clupeidae) comprised herrings and shads.
Minnows, comprising red shiners (Cyprinella lutrensis) and bullhead minnows (Pimephales
vigilax), were a large part of the fish collected at MS. The presence of red shiners, a tolerant
species, might reflect disturbance of the habitat at M5. The majority were collected in April 2005,
after the channel and stream banks at this site had been cleared of vegetation and the tree canopy
removed. M6 had the least diversity; the fish community was dominated by three families.

Of 46 fish species, 16 were identified as having a specific tolerance or intolerance to
pollution (Linam and Kleinsasser, 1998). Twelve of the species were tolerant and are identified in
appendix 7. These included (1) 55 individuals from three species of gar (alligator gar, Lepisosteus
spatula; longnose gar, Lepisosteus osseus; spotted gar, Lepisosteus oculatus); (2) 334 individuals
from three species of sunfish (bluegill, Lepomis macrochirus; green sunfish, Lepomis cyanellus;
warmouth, Lepomis gulosus); (3) 120 individuals from two species of minnows and carp (red
shiner, Cyprinella lutrensis; common carp, Cyprinus carpio); (4) 16 individuals of catfish (channel
catfish, Ictalurus punctatus); and (5) 1,132 individuals from two species of livebearers (western
mosquitofish, Gambusia affinis; sailfin molly, Poecilia latipinna).

Four species were identified as intolerant to pollution (Linam and Kleinsasser, 1998) and
are identified in appendix 7. In addition to one dusky darter (Percina sciera), 10 brook silversides
(Labidesthes sicculus), 22 tadpole madtoms (Noturus gyrinus), and 54 atlantic croakers
(Micropogonias undulatus) were collected. Intolerant species were found at all sites except M6.
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The presence and relative abundance of tolerant and intolerant fish reflect stream
conditions. Intolerant fish species indicate high and moderate quality sites (Linam and Kleinsasser,
1998) and become increasingly scarce with pollution or destruction of suitable habitat. Tolerant
fish species have increased distribution and abundance when site conditions are less favorable and
become dominant in disturbed sites (Linam and Kleinsasser, 1998). In Mustang Bayou, tolerant
species are dominant (1,657 individuals) compared to intolerant species (87 individuals). However,
because Mustang Bayou is in the Gulf Coastal Plain (Ecoregion 34), the distribution of tolerant and
intolerant species does not necessarily reflect pollution. Common, naturally occurring
characteristics of coastal streams include mud and sand substrate, slow velocities, absence of
riffles, little tree canopy, and variable water quality that might be limiting to intolerant species.

Fish species can be separated into trophic groups, which describe the manner in which they
feed. There are three trophic (feeding) groups: (1) omnivores, generalized feeders; (2) piscivores,
feed on other fish; and (3) invertivores, feed on invertebrates, mostly insects. At Mustang Bayou
sites (fig. 12), the majority of fish were invertivores, ranging from 50.8 percent of the fish at M1 to
90.3 percent at MS. Piscivores were the next most abundant, ranging from 6.4 percent of the fish at
M3 to 22.6 percent at M1. Omnivores ranged from 1.2 percent of the fish at M5 to 26.6 percent at
MI1. Trophic composition metrics might help to evaluate the quality of the stream habitat and
chemical quality in that more generalized feeders (that is, omnivores) become a larger percentage
of the population with degradation of conditions (Linam and Kleinsasser, 1998).

The distribution of the total number of fish collected relative to the number of species from
each site and survey are shown in figure 13. If the number of species is proportional to the number
of individuals collected (high sampling efficiency), a graph of data for the sites would have a linear
relation. Departures from a linear relation between the number of fish and species in Mustang
Bayou can reflect several factors, including sampling efficiency (bias), seasonality, and local site
conditions. For example, a similar number of fish were collected at M1 in both September 2004
(527 fish) and April 2005 (570 fish); however the number of species differed greatly (8 and 22
species, respectively). In the September survey, two marine species, gulf menhaden (Brevoortia
patronus) and bay anchovy (Anchoviella mitchilli), were 500 of 527 fish (appendix 7). In April,
freshwater skipjack herring (Alosa chrysochloris) were 317 of 570 fish. Because of the complexity
of possible factors, it was not possible to differentiate the reasons for variability in fish distribution
or if sampling bias existed.

Sorensen’s index of similarity (Oklahoma Water Resources Board, 2001) is one index used
to compare sites and gain an understanding of the fish data. It is computed using the equation

S= 2c ,
a+b

where

a = number of taxa in community a;
b = number of taxa in community b; and,
¢ = number of taxa common to both.

To compute this index, the number of fish species assessed at each site was compared with
the number of species at the adjacent upstream site (appendix 8). Computed coefficients can range
from near zero where two assemblages are completely dissimilar, to 1, where they are identical. For
example, in September, M1 had 8 species; M2 had 12 species (appendix 7). Five species were
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common to both sites. An index of 0.50 is calculated by dividing twice the number of common
species (2 times 5) by the sum of the numbers of species at both sites (8 plus 12). Both minimum
and maximum Sorensen coefficients occurred when comparing M2 and M3 and ranged from 0.47
in August 2005 to 0.76 in April 2005. Coefficients for M1 and M2 had the lowest mean index of
similarity (0.52). M3-M4 and M5-M6 were most similar, each having a mean coefficient of 0.68.
The mean coefficient for all sites was 0.62.

To minimize potential bias in the number of fish species caused by differences in
abundance, Menhinick’s species diversity index (D) (Menhinick, 1964) was computed using the
equation

D= S ,

JN

where

s = number of species in population sampled; and
N = number of individuals in population.

The index is directly proportional to diversity within the fish assemblage. At Mustang
Bayou, Menhinick’s index ranged from 0.35 at M1 in September 2004 to a maximum value of 2.31
at M2, also in September 2004. Average index values were smallest at M6 (0.57) and largest at M2
(1.54). With the exception of M1 and M6, coefficients were comparable to those computed for
other watersheds near Houston and Beaumont, Tex. which were evaluated during previous studies.
Average Menhinick’s coefficients were 1.16 for Lake Creek, 1.74 for Peach Creek, and 1.46 for
Caney Creek (East and Sneck-Fahrer, 2004), all tributaries to Lake Houston, north of Houston.
Coefficients for the Neches River watershed north of Beaumont ranged from a minimum of 1.02 to
1.20 (Moring, 2003).

Fish assemblages from each survey were scored (table 11) on the basis of selected metrics.
Because fish assemblages naturally differ in streams throughout Texas in response to climate,
geography, and other factors, a single set of indexes could not adequately compare assemblages
and rank aquatic life use in those streams. Fish from sites in Mustang Bayou were scored using the
regional Index of Biotic Integrity (IBI) proposed for Ecoregion 34 (Linam and others, 2002). Fish
communities supported a high aquatic life use for all surveys at sites M4-M6. Individual scores at
M1 and M2 ranged from intermediate to high aquatic life use. Scores ranged from “limited” to
“exceptional” at M3.

Average scores of aquatic life use from the three habitat, macroinvertebrate, and fish
surveys completed between September 2004 and August 2005 are presented in table 12. Average
habitat classifications range from limited (M3-M6) to intermediate (M1-M2) aquatic life use.
Classifications obtained from macroinvertebrate surveys range from “limited” at M1 to “high” at
M2. Classifications from M3-M6 are intermediate. Average aquatic-life-use scores from fish
assessments are “high” for all sites.

Summary

The Mustang Bayou watershed is primarily in Brazoria County southeast of Houston, Tex.
Although no State 303(d) or 305(b) water-quality standards have been adopted by the TCEQ for
Mustang Bayou, urban development is occurring in the watershed, increasing the possibility of
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changes in the water quality, physical stream habitat, and aquatic biota. Previous assessments of
Mustang Bayou have been of a localized nature and narrow focus; therefore, these studies did not
facilitate adoption of water-quality standards or classification of the aquatic life use of the bayou.

This report, prepared in cooperation with the Houston-Galveston Area Council and the
TCEQ, presents water-quality, stream-habitat, and biological data collected during September
2004—August 2005 and bed sediment data collected in September 2005.

Water-quality, stream-habitat, benthic-macroinvertebrate, and fish data were collected at six
sites (downstream order M6-M1) along Mustang Bayou. Water-quality data consisted of
continuously monitored (for periods of 24 hours to several days, six times) water temperature, pH,
specific conductance, and dissolved oxygen and periodically collected samples of selected
properties and constituents. Concentrations of nutrients, biochemical oxygen demand, chlorophyll-
a, E. coli, chloride, sulfate, solids, suspended sediment concentration, and pesticides were assessed
eight times at all sites. Selected water-quality constituents were compared to State screening levels
to evaluate potential water-quality concerns. Stream habitat and aquatic biota (benthic
macroinvertebrates and fish) were assessed at each site three times during the study. Aquatic-life-
use classifications were obtained from these assessments.

Dissolved oxygen is a primary component used to evaluate the suitability of a stream to
sustain life and is a component of stream classification. The assumed aquatic-life-use classification
of Mustang Bayou is “high,” which means that dissolved oxygen must not fall below criteria based
on streamflow characteristics (perennial or intermittent) and on salinity. Mean dissolved oxygen
concentrations were below the 24-hour average standard in at least one monitoring period at all
sites except M2. Minimum dissolved oxygen concentrations were below the minimum standards 40
to 67 percent of the time at all sites except M2.

No concentrations of nitrogen compounds and phosphorus exceeded State screening levels.
The largest ammonia plus organic nitrogen concentration was 2.8 mg/L; the organic nitrogen
contribution was calculated to be between about 85 to 95 percent of the concentration of ammonia
plus organic nitrogen measured at all sites. Nitrite plus nitrate concentrations ranged from less than
or at the reporting level (0.016 mg/L) at all sites to a maximum concentration of 0.67 mg/L at M 1.
Orthophosphate concentrations were largest at M1 with a maximum concentration of 0.341 mg/L.
The contribution of orthophosphate to the total phosphorus concentration ranged from about 4
percent at M6 to 72 percent at M1. The median total phosphorus concentration from all sites was
0.11 mg/L.

Biochemical oxygen demand, the measure of oxygen consumption by micro-organisms
during decomposition, was below 4.0 mg/L at all sites except M6, where the maximum
concentration was 8.1 mg/L. Concentrations of chlorophyll-a were less than the screening level
(11.6 pg/L) at all sites except M6, where four of eight samples exceeded 11.6 pg/L. Twenty of
48 samples from Mustang Bayou had concentrations of E. coli that were greater than 394
cols./100 mL, the State single-sample water-quality standard. The median concentration from all
samples was 220 cols./100 mL.

There are no aquatic-life-use criteria for chloride, sulfate, suspended solids, and dissolved
solids; however they provide additional information on the quality of water for general uses or
aesthetic appeal. Median chloride concentrations from each site were between 42.2 and 123 mg/L.
The median sulfate concentration from Mustang Bayou was 19.8 mg/L.. The median concentration
of suspended solids from all samples was 16.0 mg/L. The largest dissolved solids concentration
was 1,050 mg/L measured at M4; the median concentration of dissolved solids from all samples
was 346 mg/L.
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Fifteen pesticide compounds (six herbicides and nine insecticides) were detected in 24
water samples. The most frequently detected pesticide was atrazine, which was measured in every
sample. Concentrations ranged from 0.010 to 1.42 ug/L. Other frequently detected pesticides were
CIAT, prometon, tebuthiuron, fipronil, fipronil sulfide, and fipronil sulfone.

Sediment samples were collected from the stream bottom at M1 and analyzed for
concentrations of trace elements (metals), polycyclic aromatic hydrocarbons (PAHs),
organochlorine pesticides, and polychlorinated biphenyls (PCBs). No organochlorine pesticides or
PCBs were detected. No concentrations of metals exceeded State screening levels. Concentrations
of 11 PAH compounds were detected at measurable concentrations, and three other PAH
compounds were detected but not quantified by the laboratory. All concentrations were below
respective sediment-quality screening levels.

Characteristics of habitat measured during each survey were scored using a habitat-quality
index (HQI). HQI scores indicated an aquatic-life-use score of “limited” (8—13) during at least one
survey at all sites except M2 and were “limited” for every survey at M6. Highest HQI scores were
“intermediate” (14—19). Average scores were “limited” for M3-M6 and “intermediate” for M1 and
M2.

A total of 2,557 macroinvertebrate individuals were identified from Mustang Bayou
consisting of 1,509 individuals that belong to benthic, non-insect invertebrate taxa and 1,048
individuals that belong to insect taxa. Overall, the Dipteran family Chironomidae was the most
abundant, followed by gastropods, segmented worms, amphipods, and mayflies (Ephemeroptera).
Benthic macroinvertebrate assemblages were scored using indexes specified by the Texas
Commission on Environmental Quality. Aquatic-life-use scores ranged from “limited” at M1 in
September 2004 and April 2005 to “exceptional” at M2 in April 2005. Average scores were
“limited” at M1, “intermediate” at M3-M6, and high at M2.

Forty-six species of fish representing 20 families were collected from Mustang Bayou. A
total of 4,115 fish were collected. Sunfish (Centrarchidae) was the most abundant family with
1,153 individuals collected. Of 46 fish species, 16 were identified as having a specific tolerance or
intolerance to pollution. Twelve of the species (1,657 individuals) were tolerant; four (87
individuals) were intolerant. Fish from sites in Mustang Bayou were scored using the regional
Index of Biotic Integrity (IBI) proposed for Ecoregion 34. Fish communities supported a high
aquatic life use for all surveys at sites M4-M6. Individual scores at M1 and M2 ranged from
“intermediate” to “high” aquatic life use. Scores ranged from “limited” to “exceptional” at M3.
Average aquatic-life-use scores from fish assessments are “high” for all sites.
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Figure 3. Rainfall at weather observation site (80204 Alvin), September 2004—
August 2005 (National Climatic Data Center, 2004, 2005)
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Figure 6. Distribution of periodically collected (A) hiochemical oxygen demand, (B) chlorophyll-a, and (C) E. coli
concentrations in water samples from six sites in Mustang Bayou near Houston, Texas, September 2004—August 2005.
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Table 1. Data-collection sites in Mustang Bayou near Houston, Texas, September 2004—August 2005.

Station USGS TCEQ Drainage Altitude
short name station station area (feet above
(fig. 1) number  number Station name (square miles) NGVD29)
™M1 08077905 11423  Mustang Bayou at FM 2917 near Liverpool, Tex. 471 141
M2 08077895 17959 Mustang Bayou at CR 168 near Alvin, Tex. 33.4 20.0
M3 08077890 18554 Mustang Bayou at East South Street at Alvin, Tex. 27.9 38.1
M4 08077885 18553 Mustang Bayou at CR 99 near Alvin, Tex. 20.2 45.0
M5 08077880 18552 Mustang Bayou at CR 48 near Fresno, Tex. 9.11 60.0
M6 08077877 18551 Mustang Bayou at Evergreen Road near Fresno, Tex. 5.64 65.0

! Bed sediment samples collected at this site in September 2005.



Table 2. Summary of 24-hour water temperature data collected at sites in Mustang Bayou near Houston, Texas, September 2004—
August 2005.

[-, no value]

Measured water temperature
(degrees Celsius)

Station
short name Data type
(fig. 1)

SEP JAN APR JUN JUL AUG
2004 2005 2005 2005 2005 2005

M1 Maximum 282 203 250 315 326 341

Minimum 27.2 14.8 189 279 292  30.1

Mean 27.7 16.7 228 294 308 320
M2 Maximum 32.9 182 26.2 - 31.3 340
Minimum 28.0 144 2141 - 285 297
Mean 30.2 16.5 234 - 29.7 316
M3 Maximum 342 200 270 332 306 344

Minimum 27.0 152 210 28.1 284 29.9

Mean 30.2 171 23.5 30.1 29.6 31.8

M4 Maximum 322 233 289 316 346 350

Minimum 275 208 19.8 264 291 28.6

Mean 294 218 238 287 32.0 31.7
M5 Maximum 299 219 274 -- 32.0 32.6
Minimum 256 209 204 -- 292 29.2
Mean 274 213 236 -- 30.6 30.7
M6 Maximum -- 22.2 30.2 33.7 35.1 36.8
Minimum -- 20.0 164 245 280 270

Mean -- 21.0 224 285 31.3 31.6




Table 3. Summary of 24-hour pH data collected at sites in Mustang Bayou near Houston, Texas, September 2004—August 2005.

[--, no value]

Measured pH

Station (standard pH units)
short name  Data type
(fig. 1) SEP JAN APR JUN JUL AUG

2004 2005 2005 2005 2005 2005

M1 Maximum 7.7 8.1 8.5 8.2 8.0 8.1

Minimum 7.5 7.8 7.4 7.4 7.3 7.0

Median 7.6 8.0 8.0 7.6 7.6 7.2
M2 Maximum 8.3 7.9 8.2 - 7.9 8.0
Minimum 7.6 7.7 7.5 -- 7.5 7.3
Median 7.8 7.8 7.8 - 7.6 7.5
M3 Maximum 8.5 7.8 8.0 8.1 7.5 7.7

Minimum 7.4 7.6 7.4 7.3 7.3 7.3

Median 7.9 7.7 7.5 7.5 7.4 7.5

M4 Maximum 7.8 8.2 8.3 8.1 8.2 8.8

Minimum 7.4 7.7 7.6 7.3 7.2 7.3

Median 7.5 7.8 7.8 7.5 7.5 7.9
M5 Maximum 7.2 7.8 8.3 - 7.7 8.0
Minimum 6.8 7.7 7.6 - 7.3 71
Median 6.9 7.8 7.8 - 7.5 7.3
M6 Maximum - 7.7 8.3 8.6 7.8 8.0
Minimum - 7.3 7.3 7.0 71 71

Median -- 7.5 7.8 7.2 7.4 7.4




Table 4. Summary of 24-hour specific conductance data collected at sites in Mustang Bayou near Houston, Texas, September 2004—
August 2005.

[--, no value]

Measured specific conductance
(microsiemens per centimeter at 25 degrees Celsius)

Station
short name Data type
(fig. 1)

SEP JAN APR JUN JUL AUG
2004 2005 2005 2005 2005 2005

M1 Maximum 944 1,250 1,130 951 503 589

Minimum 887 1,200 1,060 844 472 523

Mean 907 1,220 1,100 887 483 557
M2 Maximum 668 1,250 1,490 - 529 455
Minimum 625 1,170 1,070 - 424 393
Mean 645 1,220 1,360 - 479 416
M3 Maximum 653 1,390 1,610 829 461 507
Minimum 571 1,290 1,170 700 372 389
Mean 616 1,350 1,350 763 438 457
M4 Maximum 638 1,590 2,050 836 659 532

Minimum 592 1,560 1,820 756 629 447

Mean 611 1,580 1,930 787 645 497
M5 Maximum 531 769 707 - 658 575
Minimum 496 614 661 - 501 533
Mean 511 688 691 - 563 550
M6 Maximum - 410 772 - 843 478
Minimum - 384 664 - 829 446

Mean - 398 712 - 837 464




Table5. Summary of 24-hour dissolved oxygen data collected at sites in Mustang Bayou near Houston, Texas, September 2004—August
2005.

[n/a, not applicable; --, no value]

Measured dissolved oxygen
milligrams per liter
( 9 P ) Number
. of deployments
Station Dissolved with dissolved
oxygen
short name Data 1 SEP JAN APR JUN JUL AUG oxygen data
fig. 1 type criteria 2004 2005 2005 2005 2005 2005 | below criteria
]
(stream type) (mi |g_rams
per liter)
M1 Maximum n/a 5.3 12.2 13.1 111 6.2 12.4 -
(tidal)
Minimum 3.0 2.2 7.3 3.3 21 0.2 0.5 4
Mean 4.0 3.7 9.6 8.4 59 2.2 4.8 2
M2 Maximum n/a 13.9 12.4 - - 7.6 9.6 -
(freshwater)
Minimum 3.0 4.4 9.0 - - 3.8 41 0
Mean 5.0 8.4 10.5 -- -- 5.2 6.2 0
M3 Maximum n/a 16.0 11.4 12.7 10.1 3.4 6.1 -
(freshwater)
Minimum 3.0 15 71 6.2 2.9 1.9 2.8 4
Mean 5.0 8.2 8.7 8.7 5.9 25 41 2
M4 Maximum n/a 8.5 154 158 119 6.6 16.8 -
(freshwater)
Minimum 3.0 25 6.3 41 0.8 0.2 0.8 4
Mean 5.0 4.7 9.7 9.0 4.9 2.7 6.7 3
M5 Maximum n/a 7.4 7.8 11.0 - 8.7 115 -
(freshwater)
Minimum 3.0 2.2 5.9 6.4 - 0.2 0.1 3
Mean 5.0 41 6.7 8.5 - 4.2 4.4 3
M6 Maximum n/a - 8.9 128 108 8.2 5.6 -
(intermittent)
Minimum 2.0 -- 4.5 4.0 25 0.6 0.8 2
Mean 3.0 -- 6.8 8.2 5.9 4.4 2.9 1

! Texas Commission on Environmental Quality (2003a, p. 27).



Table 6. Screening levels to identify secondary concerns for selected water-quality constituents and primary standard for contact and

non-contact recreation for E. coli (Texas Commission on Environmental Quality, 2003a).

[mg/L, milligrams per liter; pg/L, micrograms per liter; cols./100 mL, colonies per 100 milliliters]

Screening level

Primary
Nitrite plus Orthophosphate Total standard,
Stream Ammonia nitrogen nitrate nitrogen phosphorus phosphorus Chlorophyll-a E. coli
type (mg/L) (mg/L) (mg/L) (mg/L) (ng/L) (cols./100 mL)
Freshwater 0.17 2.76 0.50 0.80 11.6 394
Tidal 0.58 1.83 0.55 0.71 19.2




Table 7. Summary of pesticide detections at sites in Mustang Bayou near Houston, Texas, September 2004—August 2005.

Number of detections

Compound M1 M2 M3 M4 M5 M6

Herbicides
Atrazine 4 4 4 4 4 4
2-Chloro-4-isopropylamino-6- 4 4 3 4 1 3
amino-s-triazine (CIAT)
Metolachlor 1 0 0 0 0 1
Prometon 2 4 2 3 4 2
Simazine 2 1 1 0 1 2
Tebuthiuron 4 4 4 3 2 0

Insecticides
Azinphos-methyl 0 2 1 0 0
Carbaryl 1 0 0 0 0 1
Desulfinyl fipronil 2 1 2 0 0 1
Desulfinylfipronil amide 2 0 1 0 0 1
Diazinon 0 0 1 0 0 0
Fipronil 3 1 2 0 0 1
Fipronil sulfide 3 2 2 1 0 1
Fipronil sulfone 3 1 2 0 0 1
Malathion 0 0 1 0 1 1




Table 8. Habitat quality index' (aquatic-life-use) scoring for representative reach at each of six sites in Mustang Bayou near Houston,
Texas, September 2004—August 2005.

Site and survey

Metric M1 M2 M3

SEP04 APRO5 AUGO05 SEP04 APR0O5 AUGO05 SEP04 APR05 AUGO05

PRIMARY ATTRIBUTES

Available instream cover 2 1 3 2 2 2 2 2 3
Bottom substrate stability 1 1 1
SECONDARY ATTRIBUTES

-
-
-

Number of riffles 1 1 1 2 2 2 1 1 2
Dimensions of largest pool 1 1 1 1 1 1 1 1 3
Channel flow status 3 3 3 2 2 2 2 2 2
Bank stability 2 1 2 3 3 3 1 1 0
Channel sinuosity 0 0 0 1 1 1 1 1 1
TERTIARY ATTRIBUTES

Riparian buffer vegetation 3 3 3 3 3 3 0 1 1
Aesthetics of reach 1 1 1 2 2 2 1 1 1
TOTAL SCORE' 14 12 15 17 17 17 10 11 14
CLASSIFICATION! | L | | | | L L |

Site and survey
Metric M4 M5 M6

SEP04 APRO5 AUGO05 SEP04 APR05 AUGO05 SEP04 APRO5 AUGO05

PRIMARY ATTRIBUTES

Available instream cover 3 1 2 3 2 2 1 1 2
Bottom substrate stability 1 1 1 1 1 1 1 1 1
SECONDARY ATTRIBUTES

Number of riffles 1 1 1 1 1 1 1 1 1
Dimensions of largest pool 1 1 1 1 1 1 1 1 1
Channel flow status 3 3 3 3 2 2 3 3 2
Bank stability 2 2 2 3 1 2 3 3 3
Channel sinuosity 1 1 1 2 1 1 0 0 0
TERTIARY ATTRIBUTES

Riparian buffer vegetation 2 1 1 2 0 1 0 0 0
Aesthetics of reach 1 0 0 1 0 0 1 1

TOTAL SCORE' 15 11 12 17 9 11 11 11 11
CLASSIFICATION' | L L | L L L L L

'Habitat Quality Index aquatic-life-use scores (Texas Commission on Environmental Quality, 2003a):

26-31 Exceptional (E)
20-25 High (H)
14-19 Intermediate (I)
8-13 Limited (L)
<7 Minimal (M)



Table9. Metrics and aquatic-life-use' scoring for benthic macroinvertebrates in representative reach at each of six sites in Mustang
Bayou near Houston, Texas, September 2004—August 2005.

Site and survey

Metric M1 M2 M3

SEP04 APR05 AUGO05 SEP04 APR05 AUGO05 SEP04 APRO5 AUGO05

Taxa richness 2 2 2 3 4 3 4 2 3
Ephemeroptera, Plecoptera, Trichoptera (EPT) taxa abundance 1 1 1 2 2 2 2 1 1
Hilsenhoff Biotic index (HBI) 1 1 1 1 1 1 1 1 1
Percentage Chironomidae 3 1 2 4 1 3 1 1 1
Percentage dominant taxon 2 2 1 2 4 3 4 3 4
Percentage dominant functional feeding grout (FFG) 1 1 1 3 4 3 3 1 4
Percentage predators 3 4 4 1 4 2 4 4 2
Ratio of intolerant to tolerant taxa 1 1 1 1 1 1 1 1 1
Percentage total Trichoptera as Hydropsychidae 1 1 4 4 4 4 3 1 1
Number of non-insect taxa 3 4 4 4 4 4 4 4 4
Percentage collector-gatherers 1 1 1 1 4 1 2 4 4
Percentage of total number as Elmidae 1 1 1 4 4 3 4 1 1
TOTAL SCORE 20 20 23 30 37 30 33 24 27
CLASSIFICATION L L | H E H H | |
Site and survey
Metric M4 M5 M6

SEP04 APRO5 AUGO05 SEP04 APRO5 AUGO05 SEP04 APRO5 AUGO05
3

w

Taxa richness

w

EPT taxa abundance

Hilsenhoff Biotic index (HBI)

Percentage Chironomidae

Percentage dominant taxon

Percentage dominant functional feeding grout (FFG)
Percentage predators

Ratio of intolerant to tolerant taxa

Percentage total Trichoptera as Hydropsychidae
Number of non-insect taxa

Percentage collector-gatherers
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Percentage of total number as Elmidae

TOTAL SCORE 22 22 26 25 26 22 25 22 23
CLASSIFICATION I | | | | | | | |

1Aquatic-life-use score ranges (Texas Commission on Environmental Quality, 2003a):

>36 Exceptional (E)
29-36 High (H)
22-28  Intermediate (I)
<22 Limited (L)



Table 10. Fish species collected from representative reach at each of six sites in Mustang Bayou near Houston, Texas, September
2004-August 2005.

[F, freshwater; E, estuarine; M, marine; Fa, anadromous (spawn in freshwater, but mature in marine)]

Site
M1|M2|M3|M4|M5|M6

Freshwater fish species
Alligator gar (F)

Banded pygmy sunfish (F)
Blackstripe topminnow (F)
Blue catfish (F)

Bluegill (F)

Brook silverside (F)
Bullhead minnow (F)
Channel catfish (F)
Common carp (F)

Dusky darter (F)

Flathead catfish (F)
Golden topminnow (F)
Green sunfish (F)
Hogchoker (F)
Largemouth bass (F)
Longear sunfish (F)
Longnose gar (F)
Orangespotted sunfish (F)
Pugnose minnow (F)

Red shiner (F)

Redear sunfish (F)

Sailfin molly (F)
Sheepshead minnow (F/E/M)’
Skipjack herring (F)
Spotted gar (F)

Spotted sunfish (F)
Tadpole madtom (F)
Warmouth (F)

Western mosquitofish (F)
Yellow bullhead (F)
Estuarine/marine fish species
Amazon molly (E/F)
American shad (M/Fa)
Atlantic croaker (M/E)
Atlantic needlefish (M/E/F)
Bay anchovy (M/E)

Chain pipefish (M/E)
Clown goby (M/E)

Flat anchovy (M)

Gulf killifish (M/E)

Gulf menhaden (M/E)
Inland silverside (E/F)
Mojarra (M/E)

Rainwater killifish (E)
Saltmarsh topminnow (M/E)
Speckled worm eel (M/E)
Striped mullet (M/E/F)

!First listed is primary habitat.



Table 11. Metrics and scoring for fish, using the Index of Biotic Integrity (IBI) for Ecoregion 34, in representative reach at each of six
sites in Mustang Bayou near Houston, Texas, September 2004—August 2005.

Site and survey

Metric M1 M2 M3

SEP04 APRO5 AUGO05 SEP04 APRO5 AUGO05 SEP04 APR05 AUGO05

Total number of fish species 3 5 5 5 5 5 3 5 5
Number of native cyprinid species 1 1 1 1 1 1 1 3 3
Number of benthic invertivore species 5 5 5 5 5 5 5 5 5
Number of sunfish species 3 5 5 5 5 5 5 5 5
Number of intolerant species 5 5 1 1 5 5 1 5 5
Percent individuals as tolerant species 1 5 1 1 1 1 1 1 1
(excluding western mosquitofish)
Percent individuals as omnivores 1 5 5 3 3 5 1
Percent individuals as invertivores 1 5 5 5 5 5 5 5
Number of individuals in sample

Number of individuals per seine haul 1 3 0 1 1 1 1 1 1

Number of individuals per electrofishing minute 5 1 5 1 5 5 1 1 5
Percent individuals as non-native species 5 5 5 5 5 5 5 5 5
Percent of individuals with disease or other anomaly 5 5 5 5 5 5 1 5 5
TOTAL SCORE 36 48 43 38 46 48 30 46 50
CLASSIFICATION | H H | H H L H E

Site and survey
Metric M4 M5 M6

SEP04 APRO5 AUGO05 SEP04 APRO5 AUGO05 SEP04 APRO5 AUGO05

Total number of fish species 3 5 5 5 5 5 3 5 5
Number of native cyprinid species 1 3 1 3 3 1 3 3 3
Number of benthic invertivore species 5 5 5 5 5 5 5 5 5
Number of sunfish species 5 5 5 5 5 5 5 3 5
Number of intolerant species 5 5 5 1 5 1 1 1 1
Percent individuals as tolerant species 1 1 1 1 1 1 1 1 1
(excluding western mosquitofish)
Percent individuals as omnivores 5 3 5 5 5 5 5 5 5
Percent individuals as invertivores 5 5 5 5 5 5 5 5 5
Number of individuals in sample

Number of individuals per seine haul 1 1 1 1 1 0 1 1 1

Number of individuals per electrofishing minute 1 3 5 1 1 3 5 3 5
Percent individuals as non-native species 5 5 5 5 5 5 5 5 5
Percent of individuals with disease or other anomaly 5 5 5 3 5 5 5 5 5
TOTAL SCORE 42 46 48 40 46 41 44 42 46
CLASSIFICATION H H H H H H H H H

Aquatic-life-use point score ranges (Linam, and others, 2002):

>49 Exceptional (E)
39-48 High (H)
31-38 Intermediate (1)

<31 Limited (L)



Table12. Aquatic-life-use findings for stream habitat, benthic macroinvertebrates, and fish in six sites in Mustang Bayou near Houston,
Texas, September 2004—August 2005.

Assessment site

Category
M1 M2 M3 M4 M5 M6
Habitat' I [ L L L L
Benthic macroinvertebrates® L H | | | |
Fish3 H H H H H H

Aquatic-life-use designations

E Exceptional
H High

| Intermediate
L Limited

! From Habitat Quality Index aquatic life scores (Texas Commission on Environmental Quality, 2003a).
2 From aquatic life scores for benthic macroinvertibrates (Texas Commission on Environmental Quality, 2003a).

3 From Index of Biotic Integrity for Ecoregion 34 (Lindgren and others, 2002).
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