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I. EXECUTIVE SUMMARY

Albert Green

The Galveston Bay Estuary became a participant in the National Estuary Program
(NEP) in October 1988. The goal of this program, sponsored by the U. S.
Environmental Protection Agency, is to maintain estuaries in a healthy biological state
while providing for other uses by developing a coordinated local, State and Federal
management program.

The diverse uses of the Galveston Estuary inevitably pose potential threats to the
survival of many estuarine species. The most urbanized areas of Texas lie within the
Galveston Estuary drainage basin (Ditton et al. 1989). Approximately half of the
nation's chemical production and a third of its petroleum industry are located in the
Galveston Estuary area. Fifty-one percent of the wastewater discharge permits issued
in 1987 by the Texas Water Commission were in the Galveston Estuary watershed.
Yet in 1989, the Galveston Estuary produced 24-38 percent by weight of the Texas
coastwide commercial harvest of finfish, shrimp, crab, and oysters (Johns 1990) and
almost 40 percent of the recreational harvest (Green et al. 1991).

This report is part of the effort to characterize the ecosystem of the Galveston Estuary.
Its purpose is to assess the relative health of the Galveston Estuary by evaluating the
status and trends of several selected endemic species in order to identify potential
problems, as indicated by significant declines in abundance, and to initiate the
investigation of the probable causes of these declines.

The species studied were selected by members of the Galveston Bay National Estuary
Program Scientific and Technical Advisory Committee. The list was assembled to
include those groups fundamental to maintaining the Galveston Estuary ecosystem, and
economically important taxa: commercially and ecologically important finfish and
shellfish, locally breeding birds, alligators, plankton, and open bay and marsh benthos.



There were two phases to the project: the identification and examination of existing data
sets containing information about target species, and the statistical analysis of those data
sets with sufficient information to demonstrate temporal change.

SUMMARY OF RESULTS

Shellfish and finfish

Fish and shellfish trend analyses were done with Texas Parks and Wildlife Department
Coastal Fisheries (CF) data collected during 1975 through 1990 (gill net), 1977 through
1990 (bag seine) and 1982 through 1990 (otter trawl). One data set for shrimp
extended back to 1962. A complete listing of all species caught with these gear and
catch per sample was compiled to summarize diversity information.

Of the fourteen different species that were analyzed, catch per unit effort (CPUE)
showed a chronic decline only for blue crab and white shrimp. Blue crab young of the
year (25-45 mm TW, total width) increased but there was a strong decreasing trend for
juveniles and the life stage most valuable for reproduction, the first-time spawners.
Adult crabs (> 140 mm TW) also decreased in the later years of the analysis period.
The decrease in large crabs in recent years may be a response to the dramatic increase
in crab harvest since 1981. Young-of-the-year white shrimp (35-55 mm TL, total
length) showed no trend. However, all larger white shrimp snowed a marked decline
in abundance. These decreases may be the result of overharvesting, loss of habitat,
sublethal contamination by a chemical, or a combination of these. These two species
are declining, and if there is no change in current population parameters, they may
continue to decline.

Most species investigated showed different life stages to be a mixture of trends,
including no trend at all (e.g. brown shrimp, southern flounder). For species that have
high fecundity and live in an unstable environment, it is natural for the abundances of
different age classes to be highly variable and for different trends to be exhibited
simultaneously. Fish populations can be dominated by one or two age classes coming
from highly successful spawns and subsequent excellent survival, so that a downward
trend in later life stages, as members of this group die off, should not be alarming
when compensating trends are found in the other life stages. Obviously, sustained
declines in young of the year and first-time spawners should attract attention, especially
if they occur simultaneously.

Red drum and spotted seatrout provided evidence supporting the hypothesis that some
fish stocks were already in a state of reduced abundance during recent times. These
species showed increasing trends for first-time spawners and remaining adults after
regulations restricting their harvest were passed. The increases occurred in spite of
three major freezes and a red tide outbreak in the area during the analysis period.
Regulations that were recently passed to reduce the mortality of juvenile red drum and
spotted seatrout included: the prohibition of commercial sale since 1981, the banning
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of all nets in 1988, and the implementation of minimum and maximum sizes and daily
bag and possession limits for recreational fishermen in 1982.

Historical data for brown shrimp collected during 1963-1968 and 1972-1980 were
analyzed for total catch (all size classes for the months April through November) and
for first-time spawners (85-110 mm TL) for the months May through August. No
clear trend was noted for the years 1963-1968 in either group. However, the data
showed a small increase in CPUE from 1972 through 1980 in both groups. This trend
was strongly influenced by high catches during 1980.

In the CF data, both young of the year (30-55 mm TL) caught by bag seine and first-
time spawners (85-110 mm TL) caught by trawl showed great year-to-year variation
without any significant annual trend. The annual CPUE was highest during 1987 for
both bag seine and trawl catches. Mean annual CPUE in bag seine and trawl catches
appear to be correlated (1983 through 1990).

Grass shrimp declined in abundance from 1983 through 1987, but have been increasing
through 1990 (the most recent year analyzed). Only one size group was analyzed
because only adult grass shrimp were caught.

Juvenile Atlantic croaker caught by bag seine decreased slightly in abundance while
mature croaker in both trawl and gill net catches increased. Young of the year (30-
50 mm) increased in abundance from 1977 to 1983, then decreased through 1989.
Croaker near the age to spawn for the first time (115-135 mm) caught by trawl showed
a linear increase from 1983 through 1990. Mature croaker (230-275 mm) captured by
gill net also increased linearly from 1975 through 1989.

Three size classes of bay anchovy (15-34 mm, 35-54 mm, and >55 mm) caught by
bag seine all decreased in abundance from 1978 to 1990, with peak catches in 1981-
1983. The same size classes caught by trawl had a nonlinear trend showing an increase
from 1983 to 1990. However, the differences between the gear types may be an
artifact of the different study periods, because both show slight increases during a
common period of record (1984 through 1990).

Young-of-the-year black drum (55-85 mm) decreased in abundance from 1978 through
1990, while first-time spawners (300-400 mm) and remaining adults (>400 mm)
increased.

The CPUE for young-of-the-year (20-30 mm) Gulf menhaden peaked in 1980, then
declined through 1989. First-time spawners (100-120 mm) showed a non-linear trend,
with maximum catch rates in the winter of 1985-86. The 1990 CPUE was slightly
higher than those for 1983. Remaining adults peaked in 1977 but showed no long-
term trend.

Young-of-the-year pinfish (40-60 mm) in bag seine catches peaked in 1984-85 and
declined after 1985. Both juvenile (80-109 mm) and first-time spawning pinfish (110-
140 mm) in trawl catches showed an upward trend in abundance.
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Young-of-the-year sand seatrout (35-55 mm) caught by bag seine increased in
abundance from 1978 through 1984, then generally decreased from 1984 until 1988,
with high catches in 1982-84 and 1989. Juveniles (65-85 mm) caught by trawl
increased in abundance from 1983 to 1990 though first-time spawners (140-160 mm)
showed no annual trend during the same period. Remaining adults (>=160 mm)
caught by gill net decreased in abundance from 1975 to 1989.

There was no significant trend in CPUE for either young-of-the-year (20-45 mm) or
adult (>250 mm) southern flounder in this study.

Young-of-the-year striped mullet (20-40 mm) did not show a simple annual trend; peak
CPUE occurred in 1981 and 1987. First-time spawners (230-275 mm) increased from
1983 to 1990, with peaks in the winters of 1985-86 and 1989-90. Age IV adults (275-
314 mm) decreased from 1975 to 1979, then maintained fairly constant levels through
1990, while Age V+ adults (>314 mm) exhibited no quantifiable trend during the
same period.

Birds

Bird trend analyses were mainly accomplished using data from the Shorebird Survey
of Bolivar Flats (SSBF), Christmas Bird Count (CBC), Texas Colonial Waterbird
Survey (TCWS), Mid-Winter Waterfowl Transects (MWWT), Mid-Winter Cruise
Counts (MWCC), and North American Breeding Bird Survey (NABBS).

Several groups of birds showed similar trends across independent data bases, thereby
providing corroborative support for the results. However, the results from these
different data bases were not always consistent. The CBC showed an increase in
populations of some waterfowl and colonial waterbirds while the TCWS and the MWT
showed decreases. The two possible explanations for these discrepancies are (1) both
trends are accurate but represent different populations of birds (i.e., breeding and
wintering), or (2) trends from one data base are not accurate. Data on the ranges of
birds in North America (Root 1988) indicate that coastal southeastern Texas receives
an influx of colonial waterbirds during the winter season. The migration status of
breeding colonial waterbirds in the Galveston Estuary area is less well known and there
is no indication that breeding populations are made up of resident birds. Therefore,
apparently conflicting trends for the TCWS and the CBC may actually reflect real
trends for two distinct populations. The case for waterfowl is less clear because both
data sets were basically collected during the winter period, though different months
were sampled by the surveys. Given that the MWT has a more systematic design than
does the CBC, the principal investigator's opinion is that the MWT more accurately
reflects population trends.

Also, the Bolivar Flats Shore Bird Survey (SSBF) only permits the evaluation of trends
in the use of Bolivar Flats, and is not a robust data base that can be used to evaluate
trends on the Galveston Estuary as a whole. The numbers of black-bellied plovers,
willets, sanderlings and western sandpipers increased based on both the SSBF and the
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CBC, but American avocets and dunlins showed no change based on the SSBF, while
both species increased based on the CBC. In this case the CBC is probably a more
accurate indicator of regional population trends.

A decrease in total numbers for some species was reflected by a decline in numbers per
colony. Based on the TCWS, snowy egrets, roseate spoonbills, and black skimmers
showed a decrease in both the total number of birds and the average number of birds
per colony. However, mathematical models describing the trend in the number of
colonies containing these species indicated no change over time. Snowy egrets and
roseate spoonbills increased in numbers based on the CBC. Numbers of black
skimmers did not change based on the CBC.

Tricolored herons showed a decrease in the total number of birds observed per year,
an increase in the number of colonies containing these birds, and a non-linear decrease
in the average number of birds per colony based on the TCWS. Tricolored herons
showed no change in numbers based on the CBC.

Olivaceous cormorants increased in total numbers and in the number of colonies based
on the TCWS. There was no indication that the mean number of birds per colony was
changing. Numbers of birds seen on the CBC increased; however, the increase varied
among years and count-areas, indicating that birds moved around or nesting success
was highly variable.

Numbers of colonies of black-crowned night-herons and Forster's terns increased, but
it was not possible to describe changes in total birds or mean colony sizes based on the
TCWS. Numbers of both species increased based on the CBC.

The number of colonies containing nesting great egrets showed a non-linear increase
and the mean number of birds per colony decreased based on the TCWS. There was
no change in the total number of individuals based on the TCWS, but CBC data
showed an increase.

The number of American coots did not change significantly based on the Mid-Winter
Waterfowl Transects (MWWT) and the CBC.

The numbers of green-winged teal, northern shovelers, and American wigeons have
not changed over the sampling period based on both the MWWT and the CBC.
However, counts varied depending on year and count-area for northern shovelers using
the CBC, and between year and transect for American wigeons based on the MWWT.
Again, this might indicate birds are changing their use of different areas depending on
local conditions.

Mallards and gadwalls showed no change in numbers based on the MWWT. Models
based on the CBC indicated that mallards are increasing linearly and gadwalls are
increasing non-linearly.
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Numbers of mottled ducks and northern pintails decreased based on the MWWT. In
contrast, numbers of mottled ducks increased linearly and numbers of northern pintails
increased non-linearly based on the CBC.

Blue-winged teal showed a non-linear decrease based on the MWWT. This species
increased linearly based on the CBC.

Scaups, ruddy ducks, bufflehead, and wood ducks increased linearly and ring-necked
ducks increased non-linearly based on the CBC.

Numbers of canvasbacks and fulvous whistling-ducks did not vary significantly based
on the CBC.

Numbers of red-winged blackbirds did not change significantly over the sampling
period based on the NABBS. No models were developed to adequately describe the
variation in counts of great-tailed grackles and boat-tailed grackles among years based
on the NABBS.

Alligators

Night-counts of alligators from 1971-1984 indicated a non-linear increase in numbers
with the lowest counts occurring in the late 1970s. Satisfactory models could not be
developed to explain the variation in numbers of nests from 1979 through 1983;
however, no trends were evident using night-counts of alligators during this same
period.

Benthos

Data in existing literature were examined in order to characterize bottom-dwelling
communities.

Marsh benthos (bottom-dwelling animals)

Marine worms dominated the community of submerged soil-dwelling animals living in
brackish waters in the delta marshes of Trinity Bay. Brackish-water clams were also
abundant in subtidal habitats adjacent to delta marshes. Small crustaceans (e.g.
amphipods), abundant elsewhere, were nearly absent from the delta. Animals living
in submerged soils attained their highest densities and greatest variability in the mid-
salinity marshes of Moses Lake and Smith Point. Benthic densities in the higher-
salinity marshes of West Bay and Christmas Bay were intermediate to those in the
deltas and in the Moses Lake and Smith Point region.

Open water benthos

Marine worms, mollusks, and crustaceans were usually the dominant animals found in
and on open-bay submerged soils. Typically, one or two species were numerically
dominant and these dominant species were generally one or two orders of magnitude
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more abundant than other species. Therefore, they controlled the overall abundance
trends of the assemblage.

Benthic assemblages generally exhibited a pattern of spring peak abundance and low
fall abundance, but a few studies documented a second peak in the fall. Spring peak
abundances generally occurred between February and May and the fall low generally
occurred during October-November. Freshwater flood conditions can temporarily alter
this normal seasonal pattern. These bottom-dwelling animals can be good indicators
of salinity, but there are not enough data among the studies reviewed to document long-
term changes in salinity patterns.

There appears to be an abundance gradient in the Galveston Estuary in which numbers
of individuals increase from the Trinity Bay-Upper Galveston Bay region to the Lower
Galveston Bay-West Bay region. This is the reverse of the pattern found in the San
Antonio Estuary, and may reflect the more southerly location and overall higher salinity
of the San Antonio Estuary. There also appears to be a gradient in which abundances
decrease from the Galveston Estuary southward to the San Antonio Estuary.

Plankton

Existing literature was used to characterize plankton (small microscopic plants and
animals incapable of swimming against tides or currents).

Phytoplankton (plants)

There are few detailed studies of the dynamics of the diverse phytoplankton of the
Galveston Estuary. Several studies have examined phytoplankton species diversity in
Galveston, but did not provide information on the species identified (Hohn 1959;
Copeland and Bechtel 1971). One investigator (Strong 1971) found several species of
diatoms to be most common at different times and locations. These studies have
reported that diatoms and a green alga (Chlorella sp.) were dominant during the cold
months, and several different species were dominant during other times of the year.
They found species diversity was lower at the low salinity sampling stations than at the
high salinity sampling stations, though the abundance of dominant species was not
found to correlate precisely with temperature or salinity conditions. Generally, high
cell numbers were more common in waters of lower salinity (0 to 15 ppt) than in
waters of higher salinity (16 to 33 ppt).

It is difficult to draw conclusions about long term trends in phytoplankton biomass from
the limited data sets available. There was some evidence for an increase in maximum
chlorophyll levels, indicating a higher density of green algae: the maximum chlorophyll
concentration measured by Zein-Eldin (1961) in the late 1950s was ca. 45 mg m , but
during the 1970s Mullins (1979) found a concentration of ca 70 mg m"3.
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Zooplankton (animals)

The dominant species of zooplankton in the Galveston Estuary were copepods, larval
marine worms and larval barnacles (MeAden 1977). Even less information is available
about the spatial and temporal distribution of zooplankton than for the phytoplankton
because fewer studies have been done. In the main study reviewed in this investigation
the three stations sampled were in the intake canal and discharge canals of the Robinson
Generating Station. No clear seasonal pattern in the abundance of any of the dominant
species was found.

CONCLUSIONS

A primary problem identified by the GBNEP was concern over recent losses or
alteration of living resources. Specific habitats named by the GBNEP to be investigated
were wetlands, sea grasses, oyster reefs, and shallow bay bottom; other animal
populations were not directly mentioned except as a priority problem identified as
fisheries resource depletion. This study relates more to the goal of the GBNEP by
beginning to develop a measuring stick for assessing the health of the Galveston
Estuary. This was done by estimating the recent abundance of several populations
living in or adjacent to the Galveston Estuary, and comparing them to past abundances.

Using the concept that biodiversity and ecological processes can be used to measure
ecosystem health leads to the conclusion that the overall health of the Galveston Estuary
System appears to be fair to good. This conclusion was based on the observation that
there was not a wholesale decline in species population abundances and that a large
number of species were present in all trophic levels, indicating that energy and material
transport within and between trophic levels was occurring more or less naturally.
However, apparent long term declines indicated in striped bass, green turtle, and
diamondback terrapin populations and recent declines in white shrimp, blue crab,
mottled ducks, northern pintail, blue winged teal, and all colonial water birds except
olivaceous cormorants, provides ample reason for concern. This coupled with the
knowledge that there have been major losses of wetlands and possibly oyster reef, that
pressure for development along estuarine shoreline continues, and that the total harvest
of animals that depend on the estuary has increased by 2000 percent during the last 100
years (including offshore harvest of shrimp and menhaden), provides reason to question
whether the health of the Galveston Estuary can be maintained.

There were some significant increases in populations, namely in American alligators,
red drum, spotted seatrout, Atlantic croaker, black-bellied plovers, willets, sanderlings,
western sandpipers and olivaceous cormorants. Although not a subject of this study
the brown pelican population also has increased. These provide evidence that the
ecosystem is still operating and that rehabilitation programs can have an effect.

Although it was directed that this study not examine population trends of brown
pelicans, reddish egrets, and piping plovers, these species were recorded in several
data bases and could be analyzed in future studies.
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Comparisons of data in available literature on phytoplankton, zooplankton and benthic
populations indicated that primary production has been high and that the respective
assemblages were reasonably healthy in recent years. These diagnoses were made with
caution and with the knowledge that very few of the sampling stations were located in
the vicinity of point discharges or major industrial complexes. Depressed benthic
assemblages were found around brine separator platforms, and it is probable that
similarly depressed fauna may be found at other localities throughout the bay and along
the bay margin. Assemblages in the center of the bay appear to be normal for the
prevailing salinity regime.

All the conclusions in this study regarding trends were made with the knowledge that
data sets generally suffered from one or more of the following: sampling periods were
short relative to population dynamics, spatial or temporal representation was poor,
effort was not known, and sample sizes were small. Other data are available but have
not all been synthesized and recorded in useable form. Nevertheless, the record was
adequate to support the conclusions drawn and to provide information for improving
future monitoring programs.

RECOMMENDATIONS

All the principal investigators made recommendations for specific sampling programs
to monitor species or species groups. In these cases where ongoing monitoring
programs were established, specific recommendations were made to improve those
programs. Most of these recommendations were aimed directly at developing methods
to estimate the abundance of populations and to recognize change in abundances
through time. There was less attention paid to the question of which monitoring
programs would be most important in assessing the overall health of the Galveston
Estuary.

We recommend that the GBNEP create a committee with the assigned task of designing
an integrated sampling program that could be used to track short-lived organisms
(phyto- or zooplankton) as measures of ambient estuarine quality and longer-lived
organisms (larger shellfish and fishes) as measures of trends in estuarine quality. This
committee would have the primary goal of refining a definition of estuarine health for
the Galveston Estuary and how the data from the proposed sampling program would
successfully measure this health. This would require that careful thought be given to
the way the estuarine ecosystem works. The committee must also recognize where and
how sampling could be done that would not only address the question of population
abundances but also why they are changing and whether humans have any control over
the changes. Is the biggest threat the loss of habitat, toxicity, predation or disease, a
decline in the food supply because it has been affected by the preceding,
overharvesting, or a combination of the above? The value of the Galveston Estuary
requires this monitoring effort to assure its wildlife communities are not lost and
economics require this effort to be reasonable and efficient.
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II. INTRODUCTION

Cindy Loeffler and Anne Walton

In May of 1988 Galveston Bay was nominated by the governor of Texas as a candidate
for National Estuary designation under the National Estuary Program, authorized by the
Water Quality Act of 1987 (Anonymous 1989). The Galveston Bay Estuary (including
Galveston, Trinity, West, East, Christmas, Bastrop, and several other minor bays;
hereafter referred to as the Galveston Estuary) was already recognized in the Water
Quality Act as a Estuary of National Significance. The nomination was approved and
the Galveston Bay National Estuary Program (GBNEP) was initiated in October 1988.
The goal of this program is to maintain estuaries in a healthy biological state while
providing for other uses by developing a coordinated local, State and Federal
management program.

The diverse uses of Galveston Estuary inevitably pose potential threats to the survival
of many estuarine species. The most urbanized areas of Texas lie within the Galveston
Estuary drainage basin (Ditton et al. 1989). Approximately half of the nation's chemical
production and a third of its petroleum industry are located in the area. Fifty-one
percent of the wastewater discharge permits issued in 1987 by the Texas Water
Commission were in its watershed. Yet in 1989, the Galveston Estuary produced 24-
38 percent by weight of the Texas coastwide commercial landings of finfish, shrimp,
crab, and oysters (Johns 1990). Almost 40 percent of the landings and 35 percent of the
pressure by bay and pass sportboat fishermen occurred in the Galveston Estuary (Green
et al. 1991).

A healthy ecosystem and a sustainable fishery are matters of substantial long-term
economic concern. The Texas Legislature initiated studies to maintain the ecological
health and productivity of Texas estuaries in 1967 (64th State Legislature, Senate Bill
137; 69th State Legislature, Senate Bill 683). These studies continue today under new
legislation passed in 1985.

The two principal goals of the GBNEP are to protect and improve water quality, and to
maintain or enhance the living resources of the Galveston Estuary. These goals are to
be accomplished by first identifying and setting priorities on specific environmental
problems, scientifically characterizing the ecosystem in relation to those problems, and
ultimately creating a unified management action plan, the Comprehensive Conservation
and Management Plan (CCMP).

The study documented by this report is part of the effort to characterize the ecosystem
of the Galveston Estuary. Its purpose is to determine the status and trends of several
selected species living in the Galveston Estuary in order to identify potential problems,
as indicated by significant declines in abundance, and to initiate the investigation of the
probable causes of those declines.

10



The species studied were selected by members of the GBNEP Scientific and Technical
Advisory Committee. The list was assembled to include those groups fundamental to
maintaining the Galveston Estuary ecosystem, and economically important taxa:
commercially and ecologically important finfish and shellfish, locally breeding birds,
alligators, plankton, and open bay and marsh benthos. There were two phases to the
project: the identification and examination of existing data sets containing information
about target species, and the statistical analysis of those data sets with sufficient
information to permit the investigation of temporal change.

The analyses of finfish and shellfish populations depended principally on data from the
Resource Monitoring Program conducted by the Coastal Fisheries Branch of the Texas
Parks and Wildlife Department (TPWD), described in Chapter III. Several data sets
were used in the evaluation of bird populations, and TPWD Wildlife Division surveys
were used to analyze alligators (described in Chapter IV). The characterizations of
plankton and benthic communities in Galveston Bay (Chapters V, VI, and VII) relied on
literature searches for previously published studies.
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III FISHERIES

Maury Osborn, Peng Chai, Junda Lin, Anita Morgan, Peter Rubec,
Sean Spanyers, and Anne Walton

MATERIALS AND METHODS

The TPWD Coastal Fisheries Branch (CF) conducts a standardized, fishery-independent
Resource Monitoring Program (Mambretti et al. 1990), using several types of fishing
gear. This study relied mostly on data from gill nets (used in the Galveston Estuary
since 1975), bag seines (used since 1977), and otter trawls (used in a consistent sampling
program since 1982).

Fourteen economically and ecologically important finfish and shellfish species were
identified for trend analyses. For most species, multiple life stages, identified by size,
were examined separately to take advantage of the selectivity of the three gear types.
A standard protocol for data screening and analysis was drafted for use by the analysts
to assure consistency and analytic quality. Statisticians were consulted throughout the
study to assure that the most appropriate analytical methods were applied.

In addition, a search was conducted among state and Federal agencies for data sets
gathered in years prior to those covered by the CF program. Several data sets were
located and examined. Those not included in this study are listed in Appendix 1. Trawl
data on white and brown shrimp abundances, gathered by TPWD from 1963 through
1980 and transcribed onto computer files by the National Marine Fisheries Service
(TPWD/NMFS), were examined for possible population trends using the same methods
as for CF data.

Sampling

Details for bag seine, trawl and gill net sampling procedures are described in the 1991
TPWD Marine Resource Monitoring Operations Manual which is updated annually. A
brief description of gear and sampling history follows.

Bag seine

All bag seines were 18.3 m long, 1.8 m deep, had 19-mm stretched nylon #5
multifilament mesh wings (8.3 m long) and a 13-mm stretched nylon #5 multifilament
mesh bag (1.8m long). The bag seine was pulled parallel to the shoreline for a distance
of 15.2 to 30.5 m. The Galveston Estuary system was divided into a series of one
minute longitude by one minute latitude sampling grids. Only grids containing a
minimum of 15.2 m of shoreline were used for bag seine sampling. Grids were divided
into 144 "gridlets", 5 second longitude by 5 second latitude in size, and gridlets
containing shoreline were chosen randomly. The shoreline within a gridlet was divided
into 15.2 m sections and one of these was randomly selected as a starting point for the
sample. Sites were sampled monthly with an equal number of samples taken in the first
and second half of the month.
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Sampling intensity varied. From October 1977 to September 1981, 6 sites were sampled
each month, except for November 1977 when 10 samples were taken, and June 1978
when no samples were taken. From October 1981 to March 1988, 10 sites were
sampled monthly. From April 1988 to December 1989, 12 samples were taken each
month. From January 1990 to present, 16 sites were sampled each month. Data
analyses were restricted to the period from October 1977 through 1990.

Trawl

Trawl nets were flat otter trawls, 6.1 m wide, with 38 mm stretched #9 nylon
multifilament thread throughout. Samples were taken between dawn and dusk by pulling
the net along the bay bottom at a speed of approximately 5-6 km per hour in a circular
pattern for ten or fifteen minutes. Beginning in May 1982, 20 samples were taken per
month, and all organisms recovered were identified and counted. Consequently most
analyses covered an eight-year period from 1983 to 1990. Sample locations were
selected at random using the grid system described previously for bag seines for the
entire bay, except that grids were sampled only when at least 1/3 of the grid was at least
one meter deep, and at least 1/3 was free from obstructions that could damage gear or
compromise safety. No grid was sampled more than once in a month. Only data from
within the Galveston Estuary proper were used; Gulf pass samples were not included in
this study. Unlike bag seine or gill net, trawling was not restricted to the shoreline.

For the TPWD/NMFS historical data, the trawls used from 1963-1980 were flat otter
trawls, 3.05 m wide, with 32 mm stretched #9 nylon twine throughout. The cod end
of the net was fitted with a liner of 12 mm stretched mesh. The trawl was towed at
approximately 5 km per hour. Standard towing times were 5 minutes for surveys during
the period from June through December, and 15 minutes for surveys during April and
May. Sample locations were fixed throughout the bay system, with 8 to 16 sites used
per year during 1963-1968 and 23 to 39 sites used per year during 1972-1980. Data
from the years 1969-1971 were not used because the surveys were conducted erratically
and had too few samples to be comparable to other years.

Gill net

Gill nets were 183 m long and 1.2 m deep. Each net was divided into four panels, each
45.75 m long, with increasing mesh sizes (76 mm, 102 mm, 127 mm and 152 mm
stretch). Gill nets were oriented perpendicular to the shore with the smallest mesh
nearest the shoreline, suspended by hard plastic floats and weighted by a leadline.

Sampling intensity for gill nets varied over the study period. With the exception of the
spring of 1976 when only two samples were taken, 8 to 12 samples were collected in
each three-month season between the fall of 1975 and 1981. Beginning in fall 1982,
sampling was restricted to two ten-week periods, in fall (beginning the second full week
of September), and spring (beginning the second full week of April). Since then, a total
of 45 samples have been collected per season (3 to 7 per week, with no more than 3 per
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day). Data collected in fall from 1975 through 1989, and spring data from 1977 through
1990, were used for analysis.

A sample grid for each gill net site (using the same grid selection parameters as for bag
seine) was selected at random subject to the following restrictions: (1) each grid
contained no more than one set per night; (2) each grid contained no more than three gill
net sets per season; and (3) sets occurring on the same night must be at least one
kilometer apart. The sample site was selected by randomly choosing a gridlet from
within a grid, as described for bag seine. Nets were set within one hour of sunset and
retrieved within four hours after sunrise.

Data Processing and Screening

All organisms captured were identified to species or to the lowest taxon possible. For
most samples, the total length (TL; the distance between the tips of the snout and the
caudal fin for fish, or from the tip of the rostrum to the end of the telson for shrimp)
or total width (TW; between the tips of the carapace for crabs) of all individuals caught
were measured to the nearest millimeter. Whenever total length could not be measured
directly, the standard length (SL; the distance between the tip of the snout and the caudal
peduncle) was measured, and TL was estimated using conversion equations (Harrington
et al. 1979). All measurements reported in this study are total lengths in millimeters.

Adjustment for unmeasured individuals

In cases where more than 20 individuals of a species were caught, generally only the
first 19 were measured and the remainder were counted. In trawl samples up to 50
shrimp of each species and up to 35 blue crab were measured.

Unmeasured specimens were assumed to have a size frequency distribution identical to
the measured individuals and were accordingly prorated into size groups and incorporated
into the calculation of catch rates. The ratio of the number of measured individuals of
a given size (N) to the total number of individuals measured (M), was multiplied by the
total number of individuals not measured (X), to obtain the number of unmeasured
individuals assigned to a length group (T):

T =X(N/M).
The total number of a given size is the sum T 4- N.

Before 1980, all individuals of each species caught in gill nets were counted and
measured. Beginning in 1980, only the first 19 individuals of the same species caught
in the same mesh size in the same week were measured, and all remaining individuals
were counted. Consequently in some samples no fish were measured from an entire
panel.

For example, 16.5 percent of the Atlantic croaker and 3 percent of the red drum were
recovered from unmeasured panels. In these cases the data were tested by assigning size
categories to fish from these panels in proportion to the size frequency distribution of
the individuals captured within the same panel type over the entire fifteen year study
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period. The analyses performed on data prorated this way produced results consistent
with analyses performed on the same data sets in which data from unmeasured panels
were discarded. Consequently it was considered justified to disregard unmeasured panels
for most gill net data sets, with the exception of Gulf menhaden (where all fish were
counted because separate size classes were not analyzed). Table III.l summarizes the
number of unmeasured fish for each species where gill net data were analyzed.

Data screening

Field data were recorded on standardized data sheets. After initial editing, field
biologists submitted the data sheets to the TPWD Data Processing Section in Austin for
transcription to computer files. Error-detection programs were routinely applied to
identify unlikely or impossible values for each variable. Computer printouts of the
original data, annotated with potential errors, and original field sheets were returned to
field personnel for verification. These were corrected and resubmitted to Data Processing
for file updates.

Samples having unusually high catches (> 100 individuals for most species, >500 for
shrimp, Gulf menhaden or striped mullet, > 400 for bay anchovy or Atlantic croaker)
were verified or corrected by the Coastal Fisheries Resource Program Leader.
Suspicious sizes (e.g. a length of >200 mm for a blue crab) or sample locations were
also verified or corrected.

Table III.l. Total number of fish caught by gill net during spring
or fall season; number of fish measured; and number of fish in
panels where none were measured. Percentages do not total to 100
because in some panels, only a fraction of the fish caught were
measured (subsampled).

Fish in %Fish in
SPECIES Season Total Number Unmsrd Unmsrd %Fish

Fish Msrd Panels Panels Msrd

Atlantic croaker
Black drum
Blue crab
Gulf menhaden
Red drum
Sand seatrout
Southern flounder
Spotted seatrout
Striped mullet

F
F
S
F
S
F
F
S
F

2617
4024
911
7449
4227
371
607
2693
1345

1601
3209
904
2944
3833
361
580
2417
1211

432
404
4

1737
124
9
14
25
76

16.5075
10.0398
0.4391
23.3186
2.9335
2.4259
2.3064
0.9283
5.6506

61.177
79.747
99.232
39.522
90.679
97.305
95.552
89.751
90.037
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Selection of Size Range and Season

The three gear types have different catch selectivities and were chosen to offer a broad
representation of life stages: small individuals (especially juveniles) from nearshore
habitats are preferentially recovered by bag seine, large individuals from nearshore
habitats by gill net, and mixed populations from open bay bottom habitats by otter trawl
(Hegen et al. 1983; Osburn 1988; Green et al. 1991). Recruitment to the gear serves
as an estimate for the abundance of a species.

Size ranges and months of the year (or seasons) that best represented different life stages
and optimized existing data were selected for every species in a series of meetings
conducted by Coastal Fisheries and Resource Protection staff (Table III.2). For each
species collected by bag seine or trawl, size frequency distributions and catch per sample
were plotted by month for all years pooled. A restricted size range was then chosen,
based on the growth rates of the species, in order to reduce the probability of repeatedly
sampling the same cohort throughout the year, while keeping the range sufficiently broad
to make efficient use of available data. For species collected by gill net, size frequency
distributions were plotted by season (spring or fall) for all years pooled, and one of the
two seasons was chosen. The choice of season was usually based on which data set was
most likely to contain individuals of the age to spawn for the first time.

In this study "young of the year" refers to the smallest juveniles effectively sampled by
bag seine (Table III.2), while "juvenile" refers to other subadult size classes. The term
"first-time spawners" is used for the size class at or near the age to reproduce for the
first time. Mature adults are referred to as "remaining adults" or, in cases where a class
of first-time spawners was not specified, simply "adults".

Standardization of Catch Per Unit Effort

Bag seine

For fish caught by bag seine the Catch Per Unit Effort (CPUE) was defined as the
number of individuals caught for a given area seined, calculated by multiplying the
length of the bag seine (18.3 m) by the distance pulled. The area seined was 0.03
hectare for the majority of the samples (e.g. 84 percent of samples containing red drum),
so bag seine CPUE was standardized as the number of individuals caught per 0.03
hectare.

Trawl

The CPUE for trawl samples was calculated as for bag seines, but using a time unit
rather than area. For CF data, CPUE was standardized as the number of individuals
caught per ten minutes of trawling (catch/0.16 hour). Ten minutes has been the specified
trawl procedure in recent years and the majority of trawl times (70 percent) fell between
0.16 and 0.17 hours. For the TPWD/NMFS data set CPUE was standardized as the
number of individuals caught per five minutes of trawl time because the majority of
samples were taken in five-minute tows.
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Gill net

The amount of time gill nets remained emplaced varied from 9 to 16 hours, with an
average set duration of 12.5 hours in spring and 14 hours in fall. The relationship
between duration of a gill net set and the number of individuals recovered was rarely
simple for many reasons. For example, gill nets can become saturated, effectively
stopping any increase in the number of fish caught. Fish trapped by gill net are subject
to predation and scavenging, such as by blue crab, sharks, or fishermen. Other factors
may include escape, crepuscular activity, or migratory patterns.

For many species it was common for catch to increase initially with set duration, then
dramatically decline. This phenomenon was especially common in fall data sets,
probably because set time increased as the day length decreased, and during the later
portion of the sampling period many species migrate to the Gulf to overwinter or spawn.

Analysis of covariance (ANCOVA) models were applied using SAS (Version 5.18) to
assess the effect of set duration (GTIME) on the catch rate:

CATCH = a + bYcar*Year + b*GTIME + bYew*Year*GTIME
and

CATCH = a + bYcar*Year*GTIME
where CATCH was the total number of individuals of a particular size class per sample,
Year was the year of the sample considered as a categorical variable, GTIME (in hours)
was a continuous variable for the duration of each gill net sample, and bYear represented
the slope for each year that was significantly different from the mean. In this report all
continuous variables are capitalized (YEAR) whereas categorical variables are
represented in capital and lower case (Year).

Results of the ANCOVA analyses revealed colinearity between set duration and year;
that is, the effects of these two factors overlapped to the extent that the order of elements
in the model affected the significance of the results. Each data set was examined
individually with the assistance of consulting statisticians to evaluate the importance of
set duration to CPUE.

In some cases the results of the ANCOVA analysis indicated set duration was not
significant. The CPUE was then calculated simply as catch per set.

When preliminary models indicated that set duration was significant, CPUE was
standardized as catch per 12.5 hours for spring gill net data (the average set duration in
spring), or catch per 14 hours for the fall season. Models were tested using GLIM
(Version 3.77) to determine whether catch varied with GTIME, GTIME2, or some other
power (n) of set duration, in addition to YEAR, YEAR2, and YEAR-GTIME interaction.
If GTIME was significant, CPUE was then calculated using an appropriate coefficient
(n) for set duration. Therefore CPUE for spring gill net data was calculated using the
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Table III.2. Species, size ranges, months (or season), and gears from which data were
selected for trend analysis. * = Insufficient data for trend analysis.

18

1.

2.

3.

4.

5.

6.

7.

SPECIES

Blue crab
(Callinectes sapidus)

Brown shrimp
(Penaeus aztecus)

Grass shrimp
fpalaemonetes spp.)

White shrimp
(Penaeus setiferus)

Atlantic croaker
(Micropoaonias
undulatus)

Bay anchovy
(Anchoa mitchillil

Black drum
(Pocronias cromis)

SIZE (MM)

25-45
50-70
120-140

>140

All sizes
30-55
85-110

25-35

All sizes
35-55
80-100
110-130

30-50
115-135
230-275

15-34
35-54
£55

55-85
300-400
>400

LIFE
STAGES

Young of the year
Juveniles
Ist-time spawners
Remaining adults

Total catch
Young of the year
Ist-time spawners

Adults

Total catch
Young of the year
Juveniles
1st time spawners

Young of the year
Ist-time spawners
Remaining adults

Juveniles
Ist-time spawners
Remaining adults

Young of the year
Ist-time spawners
Remaining adults

G

BAG SEINE

Jan-Dec
*
*
it

Apr-Nov
*

Jan-Dec

Jun-Dec
*
*
*

Dec-Mar
*
*

May-Oct
Apr-Oct
Apr-Nov

Jun-Aug
*
*

EAR

TRAWL

Jan-Dec
Jan-Dec
Jan-Dec
*

Apr-Nov
*
May-Aug

*

Jun-Nov
*
Jul-Apr
Apr-May &
Aug-Nov

*
Mar-Sept
*

Dec-Mar
Jan-Dec
Jan-Dec

*
*
*

GILL NET

*
*
Spring
Spring

*
*

*

Fall

*
*
*

*
Fall
Fall



Table III.2. (continued) Species, size ranges, months (or season), and gears from which data
were selected for trend analysis. * = Insufficient data for trend analysis.

SPECIES SIZE (MM) LIFE
STAGES

GEAR

BAG SEINE TRAWL GILL NET

8.

9.

10,

11.

12.

13.

14.

Gulf Menhaden 20-30
(Brevoortia patronus) 100-120

All sizes

Pinfish 40-60
(Laaodon rhomboides) 80-109

110-140

Red drum 25-65
(Sciaenops ocellatus) 375-500

501-700

Sand seatrout 35-55
(Cvnoscion arenarius) 65-85

140-160
>160

Southern flounder 20-45
(Paralichthys >250
lethostioma)

Spotted seatrout 35-75
(Cvnoscion nebulosus) 350-450

>450

Striped mullet
(Mucril cephalus)

20-40
230-275
275-314
>314

Young of the year Feb-Jul
1st-time spawners *
Remaining adults *

Young of the year Mar-Jun
Juveniles *
Ist-time spawners *

Young of the year Oct-Jan
Juveniles *
Ist-time spawners *

Young of the year Apr-Oct
Juveniles *
Ist-time spawners *
Remaining adults *

Young of the year Feb-Mar
Adults *

Young of the year
Ist-time spawners
Remaining adults

Young of the year
Ist-time spawners
Adults, Age IV
Adults, Age V+

Jun-Nov

Feb-Mar
*

Jan-Dec
*

Jun-Aug
Sept-Nov

*
*
*

May-Dec
Apr-Nov

Dec-Mar
*
*

*
*
Fall

Spring
Spring

*
*
*
Fall

*
Fall

Spring
Spring

*
*
Fall
Fall
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formula
CPUE = CATCH / (GTIME/12.5)n

and for fall gill net data
CPUE = CATCH / (GTIME/14)".

These definitions of CPUE were used in subsequent trend analyses (summarized in Table
III.3).

Statistical Analysis

Many sources of variation influenced the raw data, including spatial and temporal
variation attributable to environmental factors not specifically investigated in this study.
Because sources of variation could not be neatly separated, statistical analyses were
performed on the individual catches rather than on, for example, monthly or annual
totals. This improved the resolution of the analysis and should improve the evaluation
of long-term trends.

Table III.3. Summary of CPUE definitions used for analysis of
species caught by gill net.

Species

Blue crab
Blue crab
Atlantic croaker
Black drum
Black drum
Gulf menhaden
Red drum
Red drum
Sand seatrout
Southern flounder
Spotted seatrout
Spotted seatrout
Striped mullet
Striped mullet

Size (mm)

120-140
>140
230-275
300-400
>400
>100
375-500
501-700
>160
>250
350-450
>450
275-314
>314

CPUE

Catch/set a

Catch/set a

CATCH/(GTIME/14)~4

CATCH/(GTIME/14)1<5

Catch/set a

CATCH/(GTIME/14) ~3

CATCH/(GTIME/12. 5) 2

Catch/set a

Catch/set '
Catch/set ]

Catch/set a

Catch/set a

Catch/set a

CATCH/(GTIME/14)3

a Set duration not significant in test using GLIM.

Set duration not significant in initial test using SAS ANCOVA;
set duration and year colinear.
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Data distribution and variance relationships

The CPUE for all species exhibited skewed distributions with a large proportion of
samples having zero catches, many samples having intermediate catches, and a few
samples with large catches. In no case was CPUE even approximately normally
distributed.

Based on visual inspection of untransformed residuals, the distribution of most data sets
appeared similar to a negative binomial distribution (NBD) with an inflated variance
factor. Analyses based on Gamma distributions were also applied to some gill net data
sets as appropriate. A generalized linear model (McCullagh and Nelder 1989),
applicable to data with non-normal distributions, was used to analyze trends in CPUE,
using the software GLIM (for Generalized Linear Interactive Modelling; Numerical
Algorithms Group 1987).

The variance associated with the overdispersed NBD can be defined by two parameters,
1 and k. For these data, the relationship among 1, k, monthly mean and variance of the
dependent variable (CPUE) was

variance = l(mean)4- k(mean)2.
PROC NLIN in SAS (Version 5.18; SAS Institute Inc., 1985) was used to obtain an
iterative solution that best estimated 1 and k while minimizing an appropriately weighted
residual sum of squares.

Some data sets initially yielded zero or negative values for 1 and/or k, which were
incompatible with statistical software. In these cases it was usually a single exceptionally
large mean monthly catch that excessively influenced the calculation, so that deleting one
or two outlying data points resulted in positive values for 1 and k. All analyses were
performed using positive values for 1 and k (summarized in Table III.4) on complete data
sets; that is, possible outliers were removed to estimate 1 and k but retained in the final
trend analysis.

Analysis of deviance

Analyses of deviance (ANODE) were conducted using GLIM 3.77. This software is
appropriate for the statistical modeling of non-normal error distributions, such as the
NBD.

The appropriate values for 1 and k (Table 4) were used to test the following models for
bag seine and trawl data:

(i) Logarithm of mean CPUE = c 4- Month + Year -I- Month x Year
(ii) Logarithm of mean CPUE = c 4- Month 4- Year
(iii) Logarithm of mean CPUE = c + Month -I- b,(YEAR)
(iv) Logarithm of mean CPUE = c 4- Month + b^YEAR) 4- b2(YEAR)2

where c was a constant. Month was treated as a categorical variable so that annual trend
curves could be fitted and optimized. The categorical variable Year in models i and ii
allowed calculation of a separate mean for each year, making it possible to recognize
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Table III.4. Summary of estimated values of 1 and k used in the
analysis for each species.

Bag Seine Trawl Gill Net

Species

Blue crab
25-45 mm
50-70 mm
120-140 mm
>140

Brown shrimp
All sizes 1963-68
All sizes 1972-80
30-55 mm
85-110 mm 1963-68
85-110 mm 1972-80
85-110 mm 1983-90

Grass shrimp
25-35 mm

White shrimp
All sizes 1963-68
All sizes 1972-80
35-55 mm
80-100 mm
110-130, 1963-68
110-130, 1972-80
110-130 mm, spring
110-130 mm, fall

Atlantic croaker
30-50 mm
115-135 mm
230-275 mm

Bay anchovy
15-34 mm
35-54 mm
>= 55 mm

Black drum
55-85 mm
300-400 mm
>400 mm

0.7226 2.7491 0.5654
1.0702
0.8561

0.2106
0.5755

0.9454 2.3096 -
0.6611
0.6859
1.140

2.6004 -
1.4319 -
1.4792 1.000 5.000

0.119 3.277

0.9751
1.4812

0.9040
1.5539
2.2422

0.5255 3.8976 -

0.4371
8.7950

1.228
1.116

0.827 2.9116 -
1.1504
0.5843
0.7716
1.4069
1.4266

2.6653
0.3262
2.1908
1.2963
0.8958

-
-
-
-
-

0.581 3.421 -
0.8139 2.1338 -

- - 0.4980 3.264

0.4383 6.7809 0.4543 4.9008 -
0.5951 3.8088 0.70529 3.1089 -
0.4416 3.5674 0.7146 2.935

0.8017 2.9689 -
0.776
0.325

1.951
3.384
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Table III.4. (continued) Summary of estimated values of 1 and k
used in the analysis for each species.

Bag Seine Trawl Gill Net

Species 1 k 1 k 1 k

Gulf menhaden
20-30 mm 0.590 5.197 -
100-120 mm - - 0.5083 5.0355 -
All sizes - - 1.000 10.000*

Pinfish
40-60 mm 0.452 3.980 -
80-109 mm - 0.4859 7.5114 -
110-140 mm 0.2549 8.5648 -

Red drum
25-65 mm 0.506 4.785 - - -
375-500 mm - 0.710 1.369
501-700 mm 1.000 10.000*

Sand seatrout
35-55 mm 0.662 3.243 -
65-85 mm - 0.6898 3.4153 -
140-160 mm - - 0.8117 2.0569 -
>160 mm - 0.850 1.581

Southern flounder
20-45 mm 0.761 2.297 -
>250 mm 0.922 1.072

Spotted seatrout
35-75 mm 0.558 3.641 -
350-450 mm - 0.379 2.553
>450 mm 1.867 1.429

Striped mullet
20-40 mm 0.3531 4.753 -
230-275 mm 0.4668 8.100
276-314 mm - 1.151 1.899
>314 mm - 0.232 2.246

* Note: 1 and k were chosen to make the coefficient of variation
constant with respect to the mean, as suggested by the data
distribution. It was not possible to use the gamma error option
because of the large number of zeros in the data set.
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significant differences among years which were not explained by trend curves (i.e.
differences possibly related to events such as freezes, storms, floods, droughts or poor
reproduction, that were not associated with a trend phenomenon). Month x Year refers
to interaction between the categorical variables Month and Year. In models iii and iv,
the variable YEAR was treated as a continuous variable.

The following models were tested for gill net data:
(i) Logarithm of mean CPUE = c + Year
(ii) Logarithm of mean CPUE = c + b^YEAR)
(iii) Logarithm of mean CPUE = c + b,(YEAR) + b2(YEAR)2

where c was a constant. Year was treated as a categorical variable (Year) in the first
model and as a continuous variable (YEAR) in models ii and iii. Because gill net
samples were collected seasonally and not monthly, month was not considered as an
explanatory variable.

Error deviance was determined for bag seine and trawl data by the model including
Year, Month, and Year x Month interaction. Error deviance for gill net data was based
on a model including Year, GTIME, and YEAR-GTIME interaction in those cases where
set duration was possibly significant. When set duration was corrected or was not
significant, error deviance was determined by a model based on the categorical variable
Year.

For bag seine and trawl data, there were some months with zero mean monthly CPUE
that did not contribute to the determination of error deviance. A corrected error mean
deviance was calculated by subtracting the degrees of freedom (d.f.) represented by zero
months from the error deviance d.f., then dividing the error deviance by the corrected
d.f. The F ratios and P values were calculated using this corrected error mean deviance.
Gill net data were collected seasonally and had no zero seasonal catches.

All models were tested and the results summarized in a series of tables. ANODE tables
for bag seine and trawl data sets show results for categorical Month, linear YEAR, and
quadratic YEAR (YEAR2) effects, YEAR effects neither linear nor quadratic, categorical
Year x Month interaction effects, and error. ANODE tables for gill net data do not have
a Month term but may include results for the effects of set duration (the continuous
variable GTIME).

Long-term trends were indicated by models in which YEAR or YEAR2 were significant.
The term YEAR corresponded to a linear annual trend on the logarithmic scale with a
net increase or decrease in CPUE during the course of the study period, and YEAR2 to
a quadratic annual trend with a positive or negative curve. Annual models were fitted
and the trends were presented graphically with observed annual means to allow visual
evaluation of the predictive value of the models. In those cases where the analysis did
not reveal significant linear or quadratic YEAR effects, the mean CPUE for the entire
period was presented as a horizontal line.

Standard errors were calculated, using approximate methods, for the natural logarithms
of estimated mean annual CPUE with estimates provided by the fitted trend curves.
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Then approximate 95 percent confidence bands for the trend curves were found by
calculating the unlogged (exponentiated) values of

log estimate _+2(standard error).

The calculations were based on an analogy with ordinary linear regression. If month-
year response y^ is described by the linear regression

Yij = niy + error : m- = a,, + a,tg + b;
where bj? j = l, 2,... are the monthly effects relative to the grand mean such that the
monthly effects sum to 0, then the estimated annual mean will be given by ao + a,tj, as
the sum of the monthly effects will drop out.

For balanced data, ^ + a^ can be obtained by regressing y^'s on ^ (ignoring months).
This line would be the same as that obtained by regressing y^ on ^ + a^ + bj for each
j (month) and then averaging the results for each year.

Unfortunately, this procedure gives an inflated value for the standard error. Estimating
the variance of the fitted values involves multiplication by an estimate of the standard
deviation of the observed values. This estimate is derived from the deviance obtained
from the regression. The deviance obtained from regressing yy on a^, + a,tj this way is
too large because monthly effects were not included. To correct this, the standard errors
have the incorrect deviance removed by division and the correct deviance inserted by
multiplication.

Residual values from each analysis of deviance were plotted against time to further assess
the appropriateness of the final model for each analysis by visually inspecting for a
random distribution of the residuals between -2 and 2, the range expected to include 95
percent of residuals (D. V. Hinkley, pers. comm.). In all cases the residuals were
randomly distributed, indicating a reasonably good fit for the models.

Spatial Distribution

Geographic distributions for each data set (species, size range and season) were plotted
using the ATLAS GIS system, enabling a base map of the Galveston Estuary system to
be superimposed upon plots of sample locations.

For bag seine and trawl data, mean CPUE for each latitude-longitude location (plotted
to the nearest 0.001 degree) was calculated. For gill net data mean catch per set was
plotted by location. Gill net data were not corrected for set duration because throughout
this study CPUE calculated with a correction for set duration was comparable to
uncorrected catch rates. This is not believed to invalidate the conclusions to be drawn
from these plots about geographic distributions.

Relative abundance was shown by the relative size of the circles plotted at a given
location. The largest circle size was set to represent values greater than or equal to
overall mean CPUE for the study period plus two standard deviations, so that one or two
very large catches would not dominate the plot; the smallest circles represent zero or
very small catches. Because the data are averaged for all samples and all years pooled,
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a circle of a given size may indicate that a single large catch and several small or zero
catches occurred in the same location, or it may indicate a large number of intermediate
catches. Consequently several large circles indicate high concentrations more reliably
than one large circle among smaller ones. This should not invalidate the results but
should be taken into consideration when examining distributions, especially when large
catches are common.

RESULTS AND DISCUSSION

Blue Crab (Callinectes sapidus)

Young-of-the-year blue crab (25-45 mm TW) increased in abundance during the study
period while juveniles (50-70 mm), first-time spawners (120-140 mm), and remaining
adult blue crab (> 140 mm) decreased in abundance. Young of the year increased in
both bag seine and trawl catches (Figures III.l, III.2). Juveniles and first-time spawners
showed a linear decrease through time in trawl data (Figures III.3, III.4); however, gill
net data for first-time spawners did not show any significant trend (Figure III.5). Gill
net data showed remaining adults increased in abundance from 1983 to 1986, then
decreased through 1990 to levels lower than in 1983 (Figure III.6).

Season and Size Selection

Estimated growth rates for small (8-128 mm) blue crab in the Galveston Estuary were
15.3 to 18.5 mm per month (More 1969). A size range of 20 mm was used for all life
stages except the remaining adults in order to avoid repeated sampling of the same
cohort (Table III.4).

The smallest size completely recruited to both bag seine and trawl was 25 mm, so young
of the year were defined to be 25-45 mm (Figures III.7 and III.8). The 25-45 mm size
range was well represented in both bag seine and trawl, therefore both data sets were
analyzed to determine trends in shoreline and open-water environments. The most
abundant size range in trawl data was centered around 60 mm and juveniles were defined
as the 50-70 mm size class (Figure III.8). The season for evaluating the abundance of
these life stages was defined to be a calendar year because both young of the year and
juveniles were present in all months in bag seine and trawl catches, confirming the
findings of More (1969).

Most blue crab reach sexual maturity within one year after hatching, at about 127 mm
(More 1969). The 120-140 mm size range was chosen to represent blue crab at the age
of first spawning. Crab of this size were present throughout the year in trawl data
(Figure III. 8) and occurred in sufficient numbers in gill net data to allow analysis (Figure
III.9). Remaining adults were defined as crabs greater than 140 mm. The spring gill
net season was chosen as the best data set for the analysis of first-time spawners and
remaining adults because it coincides with the period of peak spawning (More 1969).
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Figure III. 1. A. Mean annual CPUE and predicted CPUE with confidence intervals for
young-of-the-year blue crab (25-45 mm) caught by bag seine. B. Mean CPUE by
month.
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Figure III.2. A. Mean annual CPUE and predicted CPUE with confidence intervals for
young-of-the-year (25-45 mm) blue crab caught by trawl. B. Mean CPUE by month.
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Figure III.3. A. Mean annual CPUE and predicted CPUE with confidence intervals for
juvenile blue crab (50-70 mm) caught by trawl. B. Mean CPUE by month.
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Figure III.4. A. Mean annual CPUE and predicted CPUE with confidence intervals for
first-time spawning blue crab (120-140 mm) caught by trawl. B. Mean CPUE by
month.
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Figure III.5. A. Mean seasonal (spring) and predicted CPUE with confidence intervals
for first-time spawning (120-140) blue crab caught by gill net. B. Mean catch per hour
gill net set duration. Data pooled from 1983-1990.
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Figure III.6. A. Mean seasonal (spring) and predicted CPUE with confidence intervals
for remaining adult blue crab (> 140 mm) caught by gill net. B. Mean catch per hour
gill net set duration. Data pooled from 1983-1990.
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Figure III.8. Mean CPUE by month for four size classes of blue crab caught by trawl
(< =45 mm, 50-70 mm, 71-119 mm, > =120 mm). Data pooled from 1983-1990.
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Figure III.9. Size frequency distribution for blue crab caught by gill net during spring
sampling period. Data pooled from 1983-1990.

Young of the Year

Bag seine: The annual trend was linear with a positive slope (Table III.5, Figure
III.1A); the quadratic component was not significant. The linear component only
accounted for a small proportion (10.7 percent) of the total deviance, leaving a
significant amount of the year-to-year variation unexplained (Table III.5). Deviance
ascribed to Month was large, reflecting the large differences in CPUE among months
(Figure III.IB).

Trawl: The annual trend showed an increase in abundance having significant linear and
quadratic components (Table III.6, Figure III.2A). Again there was considerable month-
to-month variation not explained by the quadratic model (Figure III.2B).

Juveniles

Trawl: Juveniles showed a significant decreasing linear trend (Table III.7, Figure
III.3A). The quadratic component was not significant. The model including categorical
Month and linear YEAR explained 34.5 percent of the total deviance. Most of the total
deviance was ascribed to YEAR effects other than the linear or quadratic components.
Mean monthly CPUE varied greatly (Figure III.3B).
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Table III.5. Analysis of deviance for young-of-the-year blue crab
(25-45 mm TW) caught by bag seine, January-December, 1978-1990.

Source of Variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

D.F. Deviance M.D. F P

11 176.7 16.06 16.48 <0.001

1 16.05 26.05 26.72 <0.001

1 0.44 0.44 0.45 0.50

10 23.80 2.38 2.44 <0.01

131 342.20 2.61 2.68 <0.001

1200 1169.90 0.97

Table III.6. Analysis of deviance for young-of-the-year blue crab
(25-45 mm TW) caught by trawl, January-December, 1983-1990.

Source of Variation D.F. Deviance M.D.

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

11 255.30 23.21 27.95 <0.001

6.86 <0.01

81.56 <0.001

24.76 <0.001

4.52 <0.001

1

1

5

77

1711

5.

67.

102.

289.

1420.

70

80

80

30

80

5.70

67.80

20.56

3.76

0.83
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Table III.7. Analysis of deviance for juvenile blue crab (50-70
mm) caught by trawl, January-December, 1983-1990.

Source of Variation D.F.

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

11

1

1

5

77

1749

Deviance

850.

9.

0.

49.

231.

1408.

70

10

00

80

70

10

M.D. F P

77.34 96.06 <0.001

9.10 11.30 <0.001

0.00 0.00 >0.75

9.96 12.37 <0.001

3.01 3.74 <0.001

0.81

Table III.8. Analysis of deviance for first-time spawning blue
crab (120-140 mm) caught by trawl, January-December, 1983-1990.

Source of Variation D.F. Deviance M.D. F P

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

11 312.70

1

1

5

77

1463

32.90

0.00

29.20

171.30

918.70

28.43 45.27 <0.001

32.90 52.39 <0.001

0.00 0.00 >0.75

5.84 9.30 <0.001

2.22 3.54 <0.001

0.63
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First-time Spawners

Trawl: The 1 parameter initially calculated by PROC NLIN (SAS) was negative.
Deletion of one large outlier catch resulted in a positive estimate for 1.

The annual trend was linear with a negative slope (Table III.8, Figure III.4A) and there
was no significant quadratic component. The model including Month and linear YEAR
explained 23.5 percent of the total deviance.

Gill net: The estimate of 1 was negative but close to 0. Because of the scatter of the
data points there was no clear "outlier" to delete. A Gamma distribution was suggested
by the data and was tested in addition to the negative binomial distribution. Set duration
was not found to be significant (P>0.50) and CPUE was defined as catch per set
(Figure III.5B).

No significant linear or quadratic annual trend was found from 1983 to 1990, whether
the data were analyzed as Gamma or negative binomial distributions (Table III.9). Mean
CPUE by year was less than one crab per set (Figure III.5).

Remaining Adults

Gill net: Preliminary analysis showed that set duration (GTIME) was not significant
(Figure III.6B). Therefore CPUE was defined as catch per set. The interaction between
set duration and year was omitted because it did not contribute significantly to the
deviance.

Mean annual CPUE (Figure III.6A) was highest for the remaining adults in 1986. There
was a significant quadratic component to annual values of CPUE (Table III. 10). The
linear trend was marginally significant, but quadratic and linear effects in combination
were significant (p< 0.025), suggesting there was a net decrease in abundance from 1983
to 1990.

Spatial Distribution

Young-of-the-year crab taken by bag seine were abundant along most shorelines sampled
in the Galveston Estuary (Figure III. 10). Young of the year taken by trawl (Figure
III. 11) were abundant in the low-salinity areas of Trinity Bay and moderately abundant
in Upper and Lower Galveston Bay. Juvenile crab caught by trawl were abundant in
Trinity, Upper, and Lower Galveston Bay (Figure III. 12). First-time spawners were
abundant in Trinity and Upper Galveston Bay (Figure III. 13). The high abundance of
first-time spawning crab (Figure III. 14) and remaining adults (Figure III. 15) in Christmas
Bay and other parts of the coastline of East and West Bays may be related to areas of
submerged aquatic vegetation and seagrasses (Thomas et al. 1990, Pulich and White
1989).

Densities for crab <40 mm were found by Thomas et al. (1990) to be highest in
seagrass, intermediate in salt marsh, and lowest over bare sand. Seagrasses are
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Table III.9. Analysis of deviance for first-time spawning blue
crab (120-140 mm) caught by gill net, spring season, 1983-1990.
CPUE=catch/set. Analysis based on Gamma distribution.

Source of Variation

GTIME

YEAR

Linear

Quadratic

Other

GTIME X YEAR

Corrected error

D.F.

1

1

1

5

7

344

Deviance

1.

1.

3.

7.

17.

562.

34

01

64

45

48

92

M.D.

1.

1.

3.

1.

2.

1.

34

00

64

49

50

64

F P

0.82 >0.25

0.61 >0.25

2.22 >0.10

0.91 >0.25

1.52 >0.10

Table III.10. Analysis of deviance for remaining adult blue crab
(>140 mm) caught by gill net, spring season, 1983-1990.
CPUE=catch/set. Analysis based on negative binomial distribution.

Source of Variation D.F. Deviance M.D. F P

GTIME 1 3.88 3.88 3.01 >0.05

YEAR

Linear 1 4.41 4.41 3.42 >0.05

Quadratic 1 5.76 5.76 4.47 <0.025

Linear + Quadratic 2 10.17 5.09 3.94 <0.025

Other 5 10.54 2.11 1.64 >0.10

Error 351 451.51 1.29
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Figure III. 10. Distribution of young-of-the-year blue crab (25-45 mm) caught by bag seine, January-December,
1978-1989. Circle size is proportional to mean CPUE.
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Figure III.ll. Distribution of young-of-the-year blue crab (25-45 mm) caught by trawl, January-December, 1978
1989. Circle size is proportional to mean CPUE.
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Figure HI. 12. Distribution of juvenile blue crab (50-70 mm) caught by trawl, January-December, 1983-1990.
Circle size is proportional to mean CPUE.
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Figure III. 13. Distribution of first-time spawning blue crab (120-140 mm) caught by trawl, January-December,
1983-1990. Circle size is proportional to mean CPUE.



Figure III. 14. Distribution of first-time spawning blue crab (120-140 mm) caught by gill net, spring, 1983-1990.
Circle size is proportional to mean catch per sample.
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Figure HI. 15. Distribution of remaining adult blue crab (> 140 mm) caught by gill net, spring, 1983-1990. Circle
size is proportional to mean catch per sample.
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generally distributed as a narrow line along shorelines (Pulich and White 1989). High
catches of young of the year by bag seine (Figure III. 10) and adults in gill net (Figures
III. 14, III. 15) may correspond to these areas. The high trawl catches of young of the
year (Figure III. 11), juveniles (Figure III. 12) and first-time spawners (Figure III. 13) in
Trinity Bay may be related to low salinity. The abundances of adult crab in the middle
and lower parts of the Galveston Bay system (Figure III. 14, III. 15) may also be related
to the salt marsh and submerged seagrass beds in these areas (Zimmerman et al. 1990).

Discussion

This analysis did not specifically examine how differing habitat conditions such as
temperature, salinity, or differing bottom type, factors that may affect blue crab
abundance, may have influenced CPUE. The random sampling design should have
dampened differences in CPUE due to spatial variability in habitat conditions. The
trend toward increasing abundance in young-of-the-year crab indicated recruitment to the
bays after spawning is not a problem. However, the declining abundance of juvenile and
first-time spawners taken by trawl since 1983, and remaining adults caught by gillnet
since 1986, are cause for concern. It is of interest to note that the mean size of crabs
taken in research vessel trawls in Galveston Bay has declined from 91 mm in 1982 to
71 mm in 1988 (Mambretti et al. 1990).

The increase in abundance of young-of-the-year crab may be explicable on the basis of
fragmentation of seagrass and marsh habitats, documented by Zimmerman et al. (1990,
1991). They found that adult blue crab were more abundant in the middle and lower
parts of the Galveston Estuary along the coastline. The declining trends in abundance
of the larger size classes of crab may be due to the decline in the export of organic
detritus to the middle and lower portions of the estuary associated with the loss of
wetland habitat (Turner and Boesch 1987, Pulich and White 1989, Teels 1990). The
declining abundance of the larger size classes of blue crab could also be caused by
overfishing. Further research is needed to determine which factors influenced trends in
abundance of blue crab in the Galveston Estuary.

Brown Shrimp (Penaeus aztecus)

The historical data from the NMFS/TPWD data set were analyzed for total catch (all size
classes for the months April through November) and for first-time spawners (85-110 mm
TL for the months May through August). No clear trend appeared for the years 1963-
1968 in either analysis (Figures III. 16, III. 17). However, the data showed a slight
upward trend from 1972 through 1980 in both analyses, influenced by a high CPUE in
1980 (Figure III. 18, III. 19).

In the CF data set, both young of the year (30-55 mm) caught by bag seine and first-
time spawners (85-110 mm) caught by trawl showed great year-to-year variation without
any significant annual trend (Figures III.20 and III.21). The annual CPUE was highest
during 1987 for both bag seine and trawl catches. Mean annual CPUE in bag seine and
trawl catches appear to be correlated (1983 through 1990).
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Figure III. 16. A. Mean seasonal (April-November) CPUE and predicted CPUE with
confidence intervals for all sizes of brown shrimp caught by trawl, 1963-1968
(TPWD/NMFS data). B. Mean CPUE by month, April-November only.

46



Figure III. 17. A. Mean seasonal (May-August) CPUE and predicted CPUE with
confidence intervals for first-time spawning brown shrimp (85-110 mm) caught by trawl,
1963-1968 (TPWD/NMFS data). B. Mean CPUE by month, May-August only.
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Figure III. 18. A. Mean seasonal (April-November) CPUE and predicted CPUE with
confidence intervals for all sizes of brown shrimp caught by trawl, 1972-1980
(TPWD/NMFS data). B. Mean CPUE by month, April-November only.
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Figure III. 19. A. Mean seasonal (May-August) CPUE and predicted CPUE with
confidence intervals for first-time spawning brown shrimp (85-110 mm) caught by trawl,
1972-1980 (TPWD/NMFS data). B. Mean CPUE by month, May-August only.
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Figure III.20. A. Mean seasonal (April-November) CPUE and predicted CPUE with
confidence intervals for young-of-the-year brown shrimp (30-55 mm) caught by bag seine
(CF data). B. Mean CPUE by month. Filled bars: April-November. Hollow bars:
months not used in analysis.
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Figure III.21. A. Mean seasonal (May-August) CPUE and predicted CPUE with
confidence intervals for first-time spawning brown shrimp (85-110 mm) caught by trawl,
1983-1990 (CF data). B. Mean CPUE by month. Filled bars: May-August. Hollow
bars: months not used in analysis.
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Season and Size Selection

Brown shrimp can grow more than 1 mm/day in spring and summer in the bays (Parrack
1979; Phares 1980; Garcia and Reste 1981; Nichols 1981). A size range of 25 mm was
used to define life stages.

Small brown shrimp are abundant in bag seine catches. Young of the year were defined
as the 30-55 mm size class (Figure III.22). Young of the year were present in all
months but were most numerous from spring through fall, therefore the season for
evaluating the abundance of this life stage was defined as April through November.

Most brown shrimp reach sexual maturity within one year after hatching, at about 140
mm. They attain a size of 85-110 mm in the bays before emigrating to the Gulf to
spawn (Cody et al. 1989). The most abundant size in trawls was centered around 90
mm (Figure III.23), and the 85-110 mm size range was chosen to represent shrimp
approaching the age to spawn for the first time. This size group was most numerous
from May to August, the season chosen for analysis. In addition, all size groups in the
TPWD/NMFS data set were analyzed collectively for the months of April to November.

Total catch, NMFS/TPWD data

Trawl: For the years 1963-1968, neither the linear annual trend nor the quadratic
component were significant (Table III. 11; Figure III. 16A). Together they accounted for
less than 12 percent of the deviance ascribed to annual variation. Deviance explained
by Month was large, as shown by wide variation between months (Figure III.16B).

For 1972-1980, the linear trend was significant but not the quadratic component (Table
III. 12; Figure III. 18A). The upward trend was probably influenced by high catches in
May 1980 (Figure III.18B). Further analysis showed that when the 1980 data were
removed, a less dramatic trend appeared. Again, the deviance attributed to Month was
large.

Young of the year, CF data

Bag seine: The annual linear trend was not significant and the quadratic component was
marginally significant (Table III. 13). Together they accounted for less than 1 percent
of the total deviance. Most of the deviance was accounted for by categorical year and
Month effects, or was unexplained by the models tested, reflecting large differences in
CPUE among months (Figure III.20B). With the exception of 1987, monthly mean
CPUE decreased from 1978 to 1983 and remained at lower levels after 1983. When
1987 data were deleted, the analysis revealed a linear decrease (0.005>p>0.001) with
no significant quadratic component.

First-time Spawners, TPWD/NMFS data

Trawl: For the years 1963-1968, neither the annual linear trend nor the quadratic
component were significant (Table III. 14). Together they accounted for less than 5
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Figure III.22. Mean CPUE by month for three size classes of brown shrimp caught by
bag seine (< =55 mm, > 55-80 mm, >80 mm). CF data pooled from 1978-1989.

Figure III.23. Mean CPUE by month for four size classes of brown shrimp caught by
trawl (<60 mm, 60-84 mm, 85-110 mm, > 110mm). CF data pooled from 1983-
1990.
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Table III.11. Analysis of deviance for brown shrimp, all size
classes, caught by trawl, April to November, 1963-1968. TPWD/NMFS
data.

Source of Variation D.F. Deviance M.D. F P

Month 7 450.59 64.37 35.64 <0.001

YEAR

Linear 1 4.42 4.42 2.45 >0.10

Quadratic 1 5.08 5.08 2.81 >0.05

Other 3 70.17 23.39 12.95 <0.001

Month x Year 35 198.91 2.83 1.57 <0.01

Corrected Error 248 448.00 1.81

Table III.12. Analysis of deviance for brown shrimp, all size
classes, caught by trawl, April to November, 1972-1980. TPWD/NMFS
data.

Source of Variation D.F. Deviance M.D. F P

Month 7 399.50 57.07 35.98 <0.001

Year

Linear 1 19.90 19.90 12.55 <0.001

Quadratic 1 1.40 1.40 0.88 >0.25

Other 6 64.50 10.75 6.78 <0.001

Month x Year 55 213.70 3.89 2.45 <0.001

Corrected Error 513 813.70 1.59
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Table III.13. Analysis of deviance for young-of-the-year brown
shrimp (30-55 mm) caught by bag seine, April-November, 1978-1990.
CF data.

Source of Variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

D.F.

7

1

1

10

83

845

Table III. 14. Analysis of
shrimp (85-100 mm) caught
TPWD/NMFS data.

Source of Variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected Error

D.F

3

1

1

3

15

147

Deviance

499.30

0.86

4.70

88.90

394.00

1032.10

M.D. F

7.13 5.84

0.86 0.71

4.70 3.85

8.89 7.28

4.75 3.89

1.22

P

<0.001

>0.25

<0.05

<0.001

<0.001

deviance for first-time spawning brown
by trawl, May to August, 1963-1968.

Deviance

79.66

1.42

1.01

50.31

61.40

280.53

M.D. F

26.55 13.92

1.42 0.77

1.01 0.53

16.77 8.79

4.09 2.15

1.91

P

<0.001

>0.25

>0.25

<0.001

0.01
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Table III.15. Analysis of deviance for first-time spawning brown
shrimp (85-100 mm) caught by trawl, May to August, 1972-1980.
TPWD/NMFS data.

Source of Variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected Error

D.F. Deviance M.D. F P

3 85.19 28.40 18.26 <0.001

1 9.79 9.79 6.30 <0.025

1 5.05 5.05 3.25 >0.05

6 76.61 12.77 8.21 <0.001

24 74.90 3.12 2.01 <0.005

287 446.24 1.56

Table III.16. Analysis of deviance for first-time spawning brown
shrimp (85-100 mm) caught by trawl, May-August, 1983-1990. CF
data.

Source of Variation D.F. Deviance M.D. F P

Month 3 198.61 66.20 65.72 <0.001

YEAR

Linear 1 0.22 0.22 0.22 >0.50

Quadratic 1 0.97 0.97 0.96 >0.25

Other 5 24.015 4.80 4.77 <0.001

Month x Year 21 96.01 4.57 4.54 <0.001

Corrected error 589 593.36 1.01
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percent of the deviance ascribed to annual variation. Most of the deviance was explained
by monthly variation, as in the total catch data.

For the total catch, for 1972-1980 the linear trend was significant but not the quadratic
component (Table III. 15). A high CPUE in June 1980 influenced the upward trend
(Figure III.19B); further analysis showed that when the 1980 data were removed, no
trend was apparent. Most of the deviance was explained by Month.

First-time spawners, CF data

Trawl: For 1983-1990, neither the linear nor the quadratic annual trends were
significant (Table III. 16). Together they accounted for less than 5 percent of the
deviance ascribed to annual variation. Deviance explained by Month was large. The
removal of 1987 from the data set did not reveal an annual trend.

Variation appeared systematic in that years of greater-than-average CPUE alternated with
lower-than-average years (Figure 111.21). The annual fluctuations in bag seine and trawl
catches appeared to be correlated (1983 through 1990).

Spatial Distribution, CF data

Young-of-the-year brown shrimp were abundant along most shorelines in the Galveston
Estuary with the exception of Upper Galveston Bay and northern Trinity Bay, though
intermediate catches occurred in Tabbs Bay and around the mouth of the San Jacinto
River (Figure III.24). First-time spawners were also well distributed within the Estuary,
including Trinity Bay and Upper Galveston Bay (Figure III.25).

Discussion

The CPUE for the TPWD/NMFS is not strictly comparable to that for the CF data,
because of differing sampling methods (a smaller net with slightly different mesh size)
and effort (shorter trawl times). A rough visual estimate suggests a four-fold difference
between mean CPUE for the 1960s and 1970s compared to 1983-1990, implying
spawning-age brown shrimp may have decreased in abundance over the long term.

All the brown shrimp data sets examined showed rare, short-term population peaks,
raising the possibility that the trend analyses could be overly influenced by a small
number of exceptional catches, specifically, that a decreasing trend may be obscured by
rare high catch rates (such as those of 1987). A closer inspection of the data was
warranted by these concerns.

Interesting trends were revealed when zero and non-zero catches were analyzed
separately. For bag seine data, the proportion of samples containing no brown shrimp
in the 30-55 mm size range remained moderate (37-67%; Figure III.26A). An analysis
of non-zero catches alone revealed neither a linear nor a quadratic annual trend; most
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Figure HI.24. Distribution of young-of-the-year brown shrimp (30-55 mm) caught by bag seine, April-November,
1978-1989. Circle size is proportional to mean CPUE.
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Figure III.25. Distribution of first-time spawning brown shrimp (85-110 mm) caught by trawl, May-August, 1983
1990. Circle size is proportional to mean CPUE.



of the deviance was explained by categorical Month effects, indicative of strong
seasonally. An analysis modelling the probability of zero catches in proportion to the
probability of non-zero catches, however, revealed significant linear and quadratic annual
trends (0.01<p<0.25 and 0.001<p< 0.005, respectively), indicating an increase in the
ratio of zero catches from 1982 to 1990 with the exception of 1987 (Figure III.26A).

The breakdown of zero and non-zero catches for trawl data (Figure III.26B) revealed a
strong annual signature, even though the trawl data showed no annual trend when
analyzed in their entirety. The proportion of zero catches in the CF data set increased
from 36.25% in 1983 to 77.5% in 1990. Concurrently, CPUE exclusive of zero catches
increased from 5.23 to 14.01. The analysis of non-zero CPUE showed a significant
linear annual trend (0.001 < p < 0.005) with no additional quadratic component; similarly,
modelling the probability of zero catches revealed a strong linear trend (p< 0.001),
explaining 13.3% of the total deviance. In summary, though mean abundance did not
change, the shape of the catch distribution curve changed from 1983 to 1990; shrimp
were caught in greater numbers while the probability of catching no shrimp also
increased.

Recent developments in the Galveston Estuary that may affect the abundance of brown
shrimp are overfishing, which mainly affects the larger shrimp, and wetland loss, which
is detrimental to juvenile shrimp. Juvenile brown shrimp are mostly safe from fishing
and partially protected from other predators in their nursery habitat, the shallow areas
in the estuaries. First-time spawning shrimp are exploited by the bay trawl fishery in
deeper bay areas, and those that emigrate to the Gulf are further exploited by the Gulf
trawl fishery. Commercial shrimping effort in Texas has increased considerably,
especially in recent years (Cody et al. 1989; Klima et al. 1990). Substantial effort by
bay shrimpers is directed at intercepting first-time spawning brown shrimp before they
escape through the passes to the Gulf. The average size of brown shrimp in reported
commercial landings from Texas has decreased (growth overfishing), probably because
of greater fishing effort (Caillouet et al. 1980; Caillouet and Koi 1981; Klima et al.
1989; Nance et al. 1989).

Juvenile brown shrimp prefer vegetated habitat (salt marsh and seagrass beds) to non-
vegetated habitat, and their densities are generally several times higher on the marsh
surface than on the open-water bottom (Minello and Zimmerman 1984; Zimmerman and
Minello 1984; Zimmerman et al. 1984). The loss of marsh and seagrass beds is clearly
detrimental to shrimp (Turner 1977). A multitude of man-made and natural causes have
contributed to the loss of saltwater marsh and seagrass beds in recent years (NOAA
1989; Pulich and White 1989).
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Figure III.26. A. Mean seasonal (April-November) CPUE exclusive of zero catches
(solid line), percentage zero catches (dashed line), and predicted values for young-of-
the-year brown shrimp (30-55 mm) caught by bag seine. B. Mean seasonal (May-
August) CPUE exclusive of zero catches (solid line), percentage zero catches (dashed
line), and predicted values for first-time spawning brown shrimp (85-110 mm) caught
by trawl.
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Grass Shrimp (Palaemonetes spp.)

Grass shrimp 25-35 mm in bag seine catches showed a quadratic trend, decreasing from
1983 to 1987 followed by an increase through 1990 (Figure III.27). Only one size group
was analyzed because only adult grass shrimp were caught.

Selection of species, season and size

There are five species of grass shrimp with similar morphological characteristics in the
Gulf of Mexico (P. pugio. P. intermedius. P. kadiakensis. P. paludosus. and P. vulgaris:
Anderson 1985). All grass shrimp were lumped as Palaemonetes spp. for monitoring
purposes and have been consistently recorded in bag seine samples only since 1982.

Though abundant and ecologically important, information on the growth and spawning
of grass shrimp is limited. P. pugio in South Carolina mature when they are 1.5 to 2
months old and about 15 to 18 mm long (Alon and Stancyk 1982). Mainly large grass
shrimp (>25 mm) are caught by bag seine (Figure III.28). A size range of 25-35 mm
was selected to represent adult grass shrimp. Shrimp of this size range were present in
sufficient numbers for analysis throughout the year.

Adults

Bag seine: A quadratic trend for annual effects explained the largest proportion of the
total deviance (Table III. 17). All factors were significant. The trend was strongly
influenced by high catches in November 1983, January 1985, and December 1990
(Figure III.27B).

Spatial distribution

Grass shrimp were common in all parts of the Galveston Estuary shoreline with the
exception of Upper and Lower Galveston Bay proper (Figure III.29), where seagrasses
have been scarce since the 1960s (Pulich and White 1989). High densities along the
eastern shore of Trinity Bay and in Christmas Bay probably corresponded to the
extensive seagrass beds remaining in those areas (Pulich and White 1989).

Discussion

Grass shrimp are a favored food item for small fish. Any decrease in grass shrimp
populations would be cause for concern because it could be detrimental to higher trophic
groups. Grass shrimp populations would be expected to decrease with the well-
documented loss of submerged vascular vegetation (Pulich and White 1989). The
quadratic trend documented here may reflect normal population cycles with a period
spanning several years, or may be the result of local environmental change.
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Figure III.27. A. Mean annual CPUE and predicted CPUE with confidence intervals
for adult grass shrimp (25-35 mm) caught by bag seine. B. Mean CPUE by month.
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Table III.17. Analysis of deviance for adult grass shrimp (25-35
mm) caught by bag seine, January-December, 1983-1990.

Source of

Month

YEAR

Linear

Variation D.F. Deviance M.D. F P

11 65.80 5.98 4.843 <0.001

1 7.41 7.41 6.00 <0.025

Quadratic 1 21.90 21.90 17.73 <0.001

Other 5 25.60 5.12 4.14 <0.001

Month x Year 77 544.70 7.07 5.73 <0.001

Corrected error 956 1180.80 1.235

Figure III.28. Mean CPUE by month for three size classes of grass shrimp caught by
bag seine (<25 mm, 25-35 mm, >35 mm). Data pooled from 1983-1989.
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Figure III.29. Distribution of adult grass shrimp (25-35 mm) caught by bag seine, January-December, 1983-1989.
Circle size is proportional to mean CPUE.
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White Shrimp (Penaeus setiferus)

From 1963 to 1968 the TPWD/NMFS data set showed curvilinear trends for the analyses
of both total catch and first-time spawners (Figures III.30, III.31). CPUE decreased
from 1963 to 1965, then increased through 1968. From 1972 through 1980, CPUE
increased for both groups (Figures III.32, III.33). First-time spawners increased linearly
from 1972 through 1980 (Figure III.33) but all sizes combined showed a quadratic
component with a decrease beginning after 1978 (Figure III.32).

In the CF data, all size categories studied showed a linear decrease from 1982 through
1990. However, the 1977-1990 time series for young of the year (35-55 mm) showed
no significant annual trend when analyzed as a whole. Juveniles (80-100 mm) and
shrimp approaching the size to reproduce for the first time (110-130 mm) caught by
trawl showed a strong linear decrease in both the spring and fall seasons (Figures III.35,
III.36, III.37). The fall season showed an additional quadratic component, with an
increase from 1982 to 1985 followed by a decrease through 1990.

Season and Size Selection

Narrow size ranges (20 mm) were used for all size classes because white shrimp grow
rapidly, especially juveniles (1.0 to 1.5 mm/day; Nichols 1982). Shrimp 35-55 mm TL
were chosen to represent the young of the year because they were the smallest
individuals effectively caught in bag seine samples and the most abundant 20-mm size
class (Figure III.38). The analysis was confined to the months of June through
December, when shrimp of this size range were numerous.

The monthly size frequency plot for CF trawl data (Figure III.39) shows a relatively
complex, but regular, annual pattern. For all but the smallest shrimp there was a small
spring peak from March to May. A long fall season of high catch rates occurred from
August through December for all size groups. An analysis of all size ranges pooled was
performed on the TPWD/NMFS data set, restricted to the months of June through
November.

A size range of 80 to 100 mm was chosen to represent juveniles caught most effectively
by bay trawling (Figure III.39). Shrimp in this size range appeared in high numbers in
July and were abundant until the following spring. Consequently this size class was
analyzed using data from July through April of the following year.

White shrimp become sexually mature at a size of 135-155 mm (Cody et al. 1989). A
size range of 110 to 130 mm was well-represented in trawl data and selected to represent
the population approaching the age of first spawning. This size group had peaks in the
spring (April and May) and in the fall (August to November; Figures III.39, III.36B)
that were analyzed separately for CF data. Only the fall season was analyzed in
TPWD/NMFS data.
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Figure III.30. A. Mean seasonal (June-November) CPUE and predicted CPUE with
confidence intervals for all sizes of white shrimp caught by trawl, 1963-1968.
TPWD/NMFS data. B. Mean CPUE by month, June-November only.
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Figure 111.31. A. Mean seasonal (August-November) CPUE and predicted CPUE with
confidence intervals for first-time spawning white shrimp (85-110 mm) caught by trawl,
1963-1968. TPWD/NMFS data. B. Mean CPUE by month, August-November only.
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Figure 111.32. A. Mean seasonal (June-November) and predicted CPUE with confidence
intervals for all sizes of white shrimp caught by trawl, 1972-1980. TPWD/NMFS data.
B. Mean CPUE by month, June-November only.
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Figure III.33. A. Mean seasonal (August-November) CPUE and predicted CPUE with
confidence intervals for first-time spawning white shrimp caught by trawl, 1972-1980.
TPWD/NMFS data. B. Mean CPUE by month, August-November only.
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Figure ffl.34. A. Mean seasonal (June-December) CPUE and predicted CPUE with
confidence intervals for young-of-the-year white shrimp (35-55 mm) caught by bag seine.
CF data. B. Mean CPUE by month. Filled bars: June-December. Hollow bars:
months not used in analysis.
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Figure 111.35. A. Mean seasonal (July-April) CPUE and predicted CPUE with
confidence intervals for juvenile white shrimp (80-100 mm) caught by trawl, 1982-
1990. CF data. B. Mean CPUE by month. Filled bars: July-April. Hollow bars:
months not used in analysis.
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Figure III.36. A. Mean seasonal (April-May) CPUE and predicted CPUE with
confidence intervals for first-time spawning white shrimp (110-130 mm) caught by trawl,
1982-1990. CF data. B. Mean CPUE by month. Filled bars: spring catch (April-
May). Hatchured bars: fall catch (August-November). Hollow bars: months not used
in analysis.



Figure III.37. Mean seasonal (August-November) and predicted CPUE with confidence
intervals for first-time spawning white shrimp (110-130 mm) caught by trawl, 1982-
1990. CF data.

Total catch, TPWD/NMFS data

Trawl: In the years 1963 through 1968, pooled size classes showed a quadratic trend
(Figure III.30A). CPUE decreased slightly from 1963 to 1965, then increased from
1965 to 1968, with a maximum in October 1968 (Figure III.30B). The variables YEAR,
YEAR2, and Month were all significant (Table III. 18).

All terms were significant in the analysis of deviance for the 1972-1980 period (Table
III. 19). The fitted trend showed an increase until 1979 followed by a decrease (Figure
III.32A), though observed CPUE peaked in October 1976 (Figure III.32B). The linear
and quadratic components accounted for over 82 percent of the deviance ascribed to
annual effects.

Young of the year, CF data

Bag seine: The quadratic term explained most of the year-to-year variation (Table
111.20). Figure III.34A shows a quadratic model centered on the modal year 1982,
superimposed upon a small but significant linear decrease. Most of the temporal
variation was attributed to Month effects, as expected in such a strongly seasonal species
(Figure III.34B).
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Figure 111.38. Mean CPUE by month for four size classes of white shrimp caught by
bag seine (< =55 mm, > 55-75 mm, > 75-95 mm, >95 mm). CF data pooled from
1977-1989.

Figure III.39. Mean CPUE by month for four size classes of white shrimp caught by
trawl (<80 mm, 80-100 mm, 110-130 mm, > 130 mm). CF data pooled from 1982-
1990.
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Juveniles, CF data

Trawl: The CPUE for juvenile white shrimp decreased linearly from 1982 to 1990
(Figure III.35; Table 111.21). Categorical Month effects explained a large proportion of
the temporal variation (Figure III.35B). There was close correspondence between mean
annual CPUE and the values predicted by a linear model.

First-time spawners, TPWD-NMFS data

Trawl: As for the total catch, CPUE for first-time spawners decreased from 1963
through 1965 and increased from 1965 through 1968 (Figure 111.31). The quadratic
component of the annual trend was the overwhelmingly influential factor in the analysis
of deviance, accounting for over 80 percent of the deviance ascribed to annual effects
(Table III.22). It is surprising that neither the linear annual trend nor the monthly
component were significant; net increase in CPUE was superficial and seasonality was
not clearly defined (Figure III.3IB).

From 1972 to 1980, first-time spawners showed a fluctuating but generally linear
increasing trend (Figure III.33). The quadratic component was not significant and the
linear component explained most of the deviance ascribed to annual effects (Table
III.23). Monthly effects were also significant.

First-time spawners, CF data

Trawl: A decrease in abundance since 1982 was visually apparent for both the spring and
fall cohorts in the plot of CPUE (Figure III.36B). The analyses of deviance (Tables
III.24, III.25) showed the linear annual trend was significant for both seasons but
stronger for the spring catch (Figure III.36B, solid bars; Table III.24). There was close
correspondence between the mean annual CPUE and the values predicted by the linear
model (Figure III.36A). The fall season showed an additional quadratic component
(Table III.25), the result of low fall catches in 1982-1983 followed by higher catches in
1984-1985 (Figure III.36B, hatchured bars).

Spatial distribution, CF data

High catch rates for young of the year occurred throughout the Galveston Estuary system
with the exception of Upper Galveston Bay and the northern shore of Trinity Bay, where
seagrass beds are scarce (Figure III.40; Pulich and White 1989). White shrimp caught
by trawl occurred most densely in the low-salinity parts of the estuary, in Upper
Galveston, Trinity, and East Bays, and were less dense in Lower Galveston and West
Bays with the exceptions of Bastrop and Chocolate Bays (Figures III.41, III.42, III.43).
The highest catches of first-time spawners during April-May were in East Bay (Figure
III.42), while the longer fall season showed a broader distribution (Figure III.43).
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Table III.18. Analysis of deviance for white shrimp, all size
classes, caught by trawl, June to November, 1963-1968. TPWD/NMFS
data.

Source of Variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected Error

D.F. Deviance M.D. F P

5 74.23 14.85 7.11 <0.001

1 14.31 14.31 6.85 0.01

1 16.43 16.43 7.86 <0.01

3 12.55 4.18 2.00 >0.10

25 76.96 3.08 1.47 0.10

156 326.28 2.09

Table III.19. Analysis of deviance for white shrimp, all size
classes, caught by trawl, June to November, 1972-1980. TPWD/NMFS
data.

Source of Variation D.F. Deviance M.D. F P

Month 5 188.72 37.74 29.26 <0.001

Year

Linear 1 149.19 149.19 115.65 <0.001

Quadratic 1 20.69 20.69 16.04 <0.001

Other 6 35.19 5.87 4.55 <0.001

Month x Year 39 142.78 3.66 2.84 <0.001

Corrected Error 336 432.26 1.29
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Table III.20. Analysis of deviance for young-of-the-year white
shrimp (35-55 mm) caught by bag seine, June-December, 1977-1990.
CF data.

Source of Variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

D.F.

6

1

1

11

73

772

Deviance

142.

0.

0.

147.

390.

1180.

40

65

08

30

20

30

M.D

23.

0.

0.

13.

5.

1.

•

73

65

08

39

34

53

F P

15.52 <0.001

0.43 >0.50

0.05 >0.75

8.76 <0.001

3.50 <0.001

Table III.21. Analysis of deviance for juvenile white shrimp (80-
100 mm) caught by trawl, July-April, 1982-1990. CF data.

Source of Variation D.F. Deviance M.D.

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

9 415.30 46.14 47.92 <0.001

1 137.70 137.70 143.01 <0.001

1 0.66 0.66 0.71 >0.50

5 76.00 15.20 15.79 <0.001

63 375.60 5.96 6.19 <0.001

1444 1390.40 0.96
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Table III.22. Analysis of deviance for first-time spawning white
shrimp (110-130 mm) caught by trawl, August to November, 1963-
1968. TPWD/NMFS data.

Source of Variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected Error

D.F.

3

1

1

3

15

96

Deviance

14.61

0.33

47.91

11.44

79.99

208.74

Table III. 23. Analysis of deviance for
shrimp (110-130 mm) caught by trawl,
1980. TPWD/NMFS data.

Source of Variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected Error

D.F.

3

1

1

6

23

197

Deviance

6.81

10.13

0.00

28.91

69.61

271.01

M.D. F P

4.87 2.24 >0.05

0.33 0.15 >0.50

47.91 22.04 <0.001

3.81 1.75 >0.10

5.33 2.45 <0.01

2.17

first-time spawning white
August to November, 1972-

M.D. F P

2.27 1.65 >0.10

10.13 7.36 <0.01

0.00 0.00 >0.75

4.82 3.50 <0.005

3.03 2.20 <0.001

1.38
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Table III.24. Analysis of deviance for first-time spawning white
shrimp (110-130 mm) caught by trawl, April-May, 1982-1990. CF
data.

Source of Variation D.F. Deviance M.D. F P

Month 1 10.37 10.37 11.82 <0.001

YEAR

Linear 1 109.61 109.61 124.91 <0.001

Quadratic 1 0.003 0.003 0.003 >0.75

Other 6 21.79 3.63 4.14 <0.001

Month x Year 8 28.37 3.59 4.09 <0.001

Corrected error 342 300.08 0.88

Table III.25. Analysis of deviance for first-time spawning white
shrimp (110-130 mm) caught by trawl, August-November, 1982-1990.
CF data.

Source of Variation D.F. Deviance M.D. F P

Month 3 40.62 13.54 14.52 <0.001

YEAR

Linear 1 100.00 100.00 107.23 <0.001

Quadratic 1 32.74 32.74 35.10 <0.001

Other 6 37.22 6.20 6.65 <0.001

Month x Year 24 210.58 5.02 5.39 <0.001

Corrected error 685 638.82 0.93
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Figure 111.40. Distribution of young-of-the-year white shrimp (35-55 mm) caught by bag seine, June-December,
1977-1989. Circle size is proportional to mean CPUE.
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Figure III.41. Distribution of juvenile white shrimp (80-100 mm) caught by trawl, July-April, 1982-1990. Circle
size is proportional to mean CPUE.
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Figure III.42. Distribution of first-time spawning white shrimp (110-130 mm) caught by trawl, April-May, 1982-
1990. Circle size is proportional to mean CPUE.
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Figure III.43. Distribution of first-time spawning white shrimp (110-130 mm) caught by trawl, August-November,
1982-1990. Circle size is proportional to mean CPUE.



Discussion

Correlations calculated for CF trawl data alone (using PROC CORK in SAS) showed a
strong correlation (Pearson's r=0.93, p<0.001) between the mean annual catch of
juveniles in the fall months (July-December) and the spring catch of first-time spawners
(April-May) the following year, the groups showing the most extremely negative linear
trends. In contrast, the spring CPUE for juveniles or first-time spawners does not
correlate robustly with fall catches, indicating turnover in the population between
seasons, probably associated with spawning migration during the warm months (Cody
et al. 1989). The decrease in CPUE was detectable from spring to fall within a single
year. The relatively high fall catches of adult white shrimp in 1985-1986 possibly can
be correlated with the large recruitment of juveniles reported for bag seine samples and
for juveniles in trawl samples in 1983-1985.

First-time spawning white shrimp appeared to reach a peak approximately in 1980 and
to have decreased dramatically in recent years (Figures 111.31, III.33, III.37). In 1963,
CPUE for first-time spawners was near four shrimp per catch (Figure III.31). CPUE
decreased to a minimum of about one in 1965, followed by an increase from 1965
through 1968, back to over four shrimp per catch. There are no data for 1969 through
1971, but when the series resumed in 1972, CPUE had decreased to two shrimp per
catch. In subsequent years CPUE fluctuated considerably but there was a general
increase, achieving a maximum of over eight shrimp per 5-minute trawl in 1980, despite
relatively low catches in the two previous years (Figure III.33). Another break in the
series occurred and 1981 is not represented. In addition there was a change in
methodology: from fixed stations to randomized selection of location, from 5-minute
tows to 10- or 15-minute tows, and to a larger trawl net. CPUE for 1982-1990 is
therefore not strictly analogous to that for earlier years, but four shrimp per 10-minute
trawl is roughly comparable to one or two shrimp per 5-minute trawl. During the period
represented by CF data (1982-1990) a marked decrease occurred in the fall catch of first-
time spawners, reaching a minimum of less than one shrimp per 10-minute trawl in 1990
(Figure 111.37).

The decrease in white shrimp CPUE in the CF trawl data was related to an increase in
zero catches through time (Figures III.44B, III.45A and B), as well as smaller numbers
per catch. The proportion of zero catches for juvenile white shrimp increased from 38.5
percent for the 1982-1983 study year to 66.3 percent for 1989-90 (Figure III.44B). An
analysis modelling the probability of catching no juvenile white shrimp in proportion to
the probability of non-zero catches revealed a strong linear annual trend (p< 0.001)
explaining most of the total deviance; CPUE data exclusive of zero catches similarly
showed a linear annual trend (p< 0.001) with no additional quadratic component.

First-time spawners decreased more rapidly. For 110-130 mm white shrimp in the fall
months, zero catches increased from 25.3 percent in 1982 to 82.5 percent in 1990
(Figure III.45B). The trend of zero catches was strongly linear (p< 0.001) with a small
but significant quadratic component (0.OKp< 0.025); in contrast, non-zero CPUE
revealed a quadratic trend with marginally significant linear annual effects. During the
spring season zero catches increased linearly (p< 0.001) from 20 percent in 1982 to 80
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Year

Figure III.44. A. Mean seasonal (June-December) CPUE exclusive of zero catches
(solid line), percentage zero catches (dashed line), and predicted values for young-of-
the-year white shrimp (35-55 mm) caught by bag seine. B. Mean seasonal (July-April)
CPUE exclusive of zero catches (solid line), percentage zero catches (dashed line), and
predicted values for juvenile white shrimp (80-100 mm) caught by trawl.
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Year

Figure III.45. A. Mean seasonal (April-May) CPUE exclusive of zero catches (solid
line), percentage zero catches (dashed line), and predicted values for first-time spawning
white shrimp (110-130 mm) caught by trawl. B. Mean seasonal (August-November)
CPUE exclusive of zero catches (solid line), percentage zero catches (dashed line), and
predicted values for first-time spawning white shrimp (110-130 mm) caught by trawl.
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percent in 1990 (Figure III.45A). The trend in non-zero CPUE was similarly linear
(p< 0.001) with no significant additional quadratic component.

Bag seine data, in contrast, showed no significant annual trend for 1977-1990 (Figure
III.30A), and no trend in the probability of zero catches or non-zero CPUE (Figure
III.44A). When bag seine data were confined to the same years represented by trawl
data, 1982 through 1990, all terms were significant in the analysis of deviance. The
quadratic term, influenced by high catch rates in 1982 and 1990, explained most of the
deviance (p< 0.001); a linear trend was significant but less strong than other effects
(0.025 <p<0.05).

From the lack of a strong linear trend in the bag seine data it can be inferred that
different factors act upon the immediate shoreline environments than the open bay, or
upon different size groups. Overharvesting and/or the increase in shrimping effort in
recent years (Nance et al. 1989; Klima et al. 1990) are the most obvious probable causes
of the differential decline.

Atlantic Croaker (Micropogonias undulatus)

Juvenile Atlantic croaker caught by bag seine decreased slightly in abundance while
mature croaker in both trawl and gill net catches increased. Young of the year (30-50
mm) increased in abundance from 1977 to 1983, then decreased through 1989 (Figure
III.46). Croaker near the age to spawn for the first time (115-135 mm) caught by trawl
showed a linear increase from 1983 through 1990 (Figure III.47). Mature croaker (230-
275 mm) recovered by gill net also increased linearly from 1975 through 1989 (Figure
111.48).

Season and size selection

Atlantic croaker showed a consistent seasonal pattern. Fish 20 mm or smaller appeared
in bag seine samples as early as October and were continually recruited throughout the
winter until spring (Figure III.49), corresponding to the prolonged fall-winter spawning
season (Jackson 1976). Growth rates can be in excess of 12 mm/month (Parker 1971)
and a 20-mm size range was chosen in order to minimize double sampling of a cohort.
Thirty to 50 mm was selected as the smallest 20-mm size range that would effectively
sample young of the year. The analysis covered the period from December to March,
when fish of this size were continually recruited to bag seine (Figure III.49).

Atlantic croaker spawn for the first time at the end of their first year (Avault et al. 1969,
Hansen 1970), at a size of 146-204 mm (Parker 1971, White and Chittenden 1976,
Barger 1985). A size range of 115-135 mm, the most numerous 20-mm size class in
trawl samples (Figure III.50), was chosen to represent croaker approaching the age of
first spawning. The months of March through September were used for analysis.

The analysis of remaining adults in gill net data was restricted to the fall, when croaker
emigrate from the estuary to the Gulf to spawn (Pearson 1929; Lassuy 1983; Parker
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Figure III.46. A. Mean seasonal (December-March) CPUE and predicted CPUE with
confidence intervals for young-of-the-year Adantic croaker (30-50 mm) caught by bag
seine. B. Mean CPUE by month. Filled bars: December-March. Hollow bars: months
not used in analysis.
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Figure 111.47. A. Mean seasonal (March-September) CPUE and predicted CPUE with
confidence intervals for first-time spawning Atlantic croaker (115-135 mm) caught by
trawl. B. Mean CPUE by month. Filled bars: March-September. Hollow bars:
months not used in analysis.
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Figure 111.48. A. Mean seasonal (fall) CPUE and predicted CPUE with confidence
intervals for remaining adult Atlantic croaker (230-275 mm) caught by gill net. B.
Mean catch per hour gill net set duration. Data pooled from 1975-1989.
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Month

Figure III.49. Mean CPUE by month for five size classes of Atlantic croaker caught by
bag seine (<30 mm, 30-50 mm, > 50-70 mm, > 70-90 mm, >90 mm). Data pooled
from 1978-1989.

Figure III.50. Mean CPUE by month for four size classes of Atlantic croaker caught
by trawl (<94 mm, 94-114 mm, 115-135 mm, >135 mm). Data pooled from 1983-
1990.
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1971). The 230-275 mm size range was well represented in gill net data (Figure 111.51)
and was used in the analysis of trends for remaining adults; the inclusion of fish greater
than 275 mm would probably result in repeated sampling of the same cohort. Croaker
of this size are about two years old (Pearson 1929; White and Chittenden 1976; Barger
1985).

Young of the year

Bag seine: All terms were significant in the analysis of deviance (Table III.26).
Categorical Month effects explained most of the temporal variation, as expected in a
strongly seasonal species; a linear trend and superimposed quadratic component explained
79.4 percent of the deviance attributed to YEAR effects (Figure III.46A). The plot of
mean monthly CPUE (Figure III.46B) showed peak catches increased from 1978 to a
modal year in 1982, then decreased to a low in 1986. High catches occurred in 1987
and 1988 but the lowest CPUE was in 1989. In all years but 1982, maximum catch
rates occurred in March.

Figure 111.51. Size frequency distribution for Atlantic croaker caught by gill net during
fall sampling period. Data pooled from 1975-1989.
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Table III.26. Analysis of deviance for young-of-the-year Atlantic
croaker (30-50 mm) caught by bag seine, December-March, 1977-1989.

Source of Variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

D.F.

3

1

1

9

33

327

Deviance

129.80

17.33

15.44

79.69

161.99

435.40

M.D.

43.27

17.33

15.44

8.85

4.91

1.33

F P

32.53 <0.001

13.03 <0.001

11.61 <0.001

6.66 <0.001

3.69 <0.001

Table III.27. Analysis of deviance for first-time spawning
Atlantic croaker (115-135 mm) caught by trawl, March-September,
1983-1990.

Source of Variation D.F. Deviance M.D.

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

6

1

1

5

42

1064

153.20

9.54

0

19.70

184.60

1033.80

25.52 26.28 <0.001

9.54

0

3.94

4.39

0.97

9.82 >0.001

0 >0.75

4.06 <0.001

4.52 <0.001
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First-time spawners

Trawl: The analysis of deviance showed the annual trend was linear with a positive
slope, and no additional quadratic component (Table III.27, Figure III.47A). As in bag
seine results, most of the deviance in the trawl data was explained by Month effects;
peak catches usually occurred in April or May (Figure III.47B).

Remaining spawners

Gill net: The relationship between set duration and catch was not linear (Figure III.48B)
and the initial analysis of deviance revealed that set duration effects were significant
(p< 0.001). A correction was applied using the formula

CPUE=CATCH/(GTIME/14)^
to yield a catch per 14 hours.

There was a significant linear increase from 1975 to 1989. The quadratic component
was not significant and a large proportion of the total deviance was not explained by the
model (Table III.28). The peak catch occurred in 1985; the lowest catch was recorded
in 1979.

Spatial distribution

Young-of-the-year croaker are ubiquitous along the shorelines of the Galveston Estuary
and are especially common in certain low-salinity areas: at the mouth of the San Jacinto
River in Upper Galveston Bay, in Chocolate Bay, and in easternmost East Bay (Figure
III.52). First-time spawners caught by trawl are also widespread, with the highest catch

Table III.28. Analysis of deviance for remaining adult Atlantic
croaker (230-275 mm) caught by gill pet, 230-275 mm, fall season,
1975-1989. CPUE = CATCH/(GTIME/14)~ .

Source of Variation D.F. Deviance M.D. F P

Year

Linear 1 18.67 18.67 16.38 <0.001

Quadratic 1 0.18 0.18 0.16 >0.75

Other 12 32.38 2.70 2.37 0.005

Error 472 537.95 1.14
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Figure HI.52. Distribution of young-of-the-year Atlantic croaker (30-50 mm) caught by bag seine, December-
March, 1977-1989. Circle size is proportional to mean CPUE.
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Figure HI.53. Distribution of first-time spawning Atlantic croaker (115-135 mm) caught by trawl, March-
September, 1983-1990. Circle size is proportional to mean CPUE.
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Figure III.54. Distribution of remaining adult Atlantic croaker (230-275 mm) caught by gill net, fall, 1975-1989.
Circle size is proportional to mean catch per sample.
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rates in Trinity and Upper Galveston Bays and in West Bay (Figure III.53). High
catches by gill net of remaining adults, in contrast, are mainly confined to the eastern
shore of Trinity Bay and to East Bay (Figure III.54).

Discussion

Detailed examination of trawl data for first-time spawning croaker revealed that the
season became more narrowly defined, even though mean annual CPUE increased from
19.83 to 1990 (Figure III.47B). During the years studied the first month with a mean
CPUE of zero is January 1986; by 1987-1990 croaker were absent during three winter
months (December-February), with low catch rates from September through March.
Zero catches increased 10 percent from 1983 to 1990. The narrowing of the season
apparent in trawl data is not conspicuous in bag seine data (Figure III.46B).

Large catches of young of the year in 1982 and 1988 were followed by large catches of
first-time spawners in 1983 and 1989; however, the best year for croaker caught by
trawl, 1986, was not preceded by exceptional catches of juveniles in 1985. The peak
year for Age II croaker caught by gill net, 1985, possibly correlates with the high
abundance of juveniles in 1982.

It can be inferred from the increasing trend in trawl and gill net data, contrasted with
the quadratic trend and net decrease for bag seine data, that populations of mature
croaker are influenced by different factors than those of juveniles. The differences could
be related to differing food supplies, to the loss of nursery habitat, or to higher survival
from juvenile to adult.

Bay Anchovy (Anchoa mitchillD

Three size classes of bay anchovy (15-34 mm, 35-54 mm, and >55 mm) caught by bag
seine all decreased in abundance from 1978 to 1990, with peak catches in 1981-1983
(Figures III.55, III.56, III.57). The same size classes caught by trawl showed an
increasing trend with a superimposed quadratic component (Figures III.58, III.59, III.60)
from 1983 to 1990. The differences between the gear types may be an artifact of
sampling, because both show slight increases during the period 1984 through 1990.

Season and size selection

Bay anchovy are small fish that grow rapidly. Young of the year become sexually
mature during their first summer, at an age of about 3 months and a size of 35-40 mm
(Bingelow et al. 1963; Fives et al. 1986; Lou and Musick 1991). A size range of 35-
54 mm was chosen to represent the population spawning for the first time. The adjacent
smaller size class (15-34 mm) was chosen for the analysis of juveniles. Anchovy 55 mm
long or longer represented remaining adults.

All size classes of anchovy were generally abundant in bag seine catches in all but the
coldest months (Figure III.61), but in trawl catches anchovy were common during the
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Figure III.55. A. Mean seasonal (May-October) CPUE and predicted CPUE with
confidence intervals for juvenile bay anchovy (15-34 mm) caught by bag seine. B.
Mean CPUE by month. Filled bars: May-October. Hollow bars: months not used in
analysis.
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Figure 111.56. A. Mean seasonal (April-October) CPUE and predicted CPUE with
confidence intervals for first-time spawning bay anchovy (35-54 mm) caught by bag
seine. B. Mean CPUE by month. Filled bars: April-October. Hollow bars: months
not used in analysis.
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Figure 111.57. A. Mean seasonal (April-November) CPUE and predicted CPUE with
confidence intervals for remaining adult bay anchovy (_>55 mm) caught by bag seine.
B. Mean CPUE by month. Filled bars: April-November. Hollow bars: months not
used in analysis.
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Figure III.58. A. Mean seasonal (December-March) and fitted CPUE with confidence
intervals for juvenile bay anchovy (15-34 mm) caught by trawl. B. Mean CPUE by
month. Filled bars: December-March. Hollow bars: months not used in analysis.
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Figure III.59. A. Mean annual CPUE and predicted CPUE with confidence intervals
for first-time spawning bay anchovy (35-54 mm) caught by trawl. B. Mean CPUE by
month.
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Figure III.60. A. Mean annual CPUE and predicted CPUE with confidence intervals
for remaining adult bay anchovy (_>_55 mm) caught by trawl. B. Mean CPUE by
month.
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Figure 111.61. Mean CPUE by month for three sizes of bay anchovy caught by bag
seine (< =35 mm, 35-54 mm, >_55 mm). Data pooled from 1978-1989.

Figure 111.62. Mean CPUE by month for three sizes of bay anchovy caught by trawl
(< =35 mm, 35-54 mm, >i55 mm). Data pooled from 1983-1990.
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winter (Figure III.62), probably because fish migrate into the open bay to avoid low
shoreline temperatures. The analysis of juveniles caught by bag seine was restricted to
the months of May through October, when the 15-34 mm size class was abundant
(Figure III.61; for trawl the same size class was analyzed using data from December
through the following March (Figure III.62). First-time spawning anchovy were
common from April through October in bag seine catches (Figure 111.61) but were
present throughout the year in trawl (Figure III.62). Similarly, the analysis of remaining
adult anchovy was confined to April through November for bag seine data, but all
months were used for trawl data.

Juveniles

Bag seine: The trend for young-of-the-year anchovy decreased from 1978 through 1990
(Table III.29, Figure III.55A). The linear trend of annual effects explained most of the
deviance (10.06 percent). A quadratic component was also significant, reflecting the
influence of high catch rates in 1981-1983 (Figure III.55B). A large proportion of the
total deviance were explained by categorical Year effects or by neither the linear nor the
quadratic components, so there was little correspondence between the observed mean
yearly CPUE and the values fitted by the quadratic model.

Trawl: All terms were significant in the analysis of deviance (Table III.30). The annual
trend showed an increase in abundance, with a significant quadratic component ascribed
to an increase in high catches over a wider season in recent years (Figure III.58B).
There was slight agreement between the observed mean yearly CPUE and values fitted
by a quadratic model (Figure III.58A), because of unusually high catches during the
winter of 1985-86 (Figures III.58B).

First-time spawners

Bag seine: Though the pattern of CPUE (Figure III.56) was similar to that observed for
juveniles, the results of the analysis of deviance showed a linear decrease with no
significant additional quadratic component (Table 111.31). Most of the total deviance was
explained by a linear annual trend but large proportions were ascribed to categorical
Year or to YEAR effects that are neither linear nor quadratic.

Trawl: The annual trend was strongly linear with a superimposed quadratic component
(Figure III.59A, Table 111.32). CPUE increased from 1983 until a maximum in the
winter of 1988-89, then decreased slightly through 1989 and 1990 (Figure III.59B).

Remaining adults

Bag seine: The pattern of CPUE (Figure 111.57) and the results of the analysis of
deviance (Table 111.33) were much like bag seine results for first-time spawners, with
the exception that the peak in 1981 was lower, the decrease after 1983 more gradual,
and there was a relatively high abundance in 1988. The peak in 1988 was the result of
a single large catch in April (406.74 fish). Deletion of this sample did not alter the
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Table III.29. Analysis of deviance for juvenile bay anchovy (15-
34 mm) caught by bag seine, May-October, 1978-1990.

Source of Variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

D.F. Deviance M.D. F P

5 42.69 8.54 13.88 <0.001

1 20.86 20.86 33.92 <0.001

1 6.19 6.19 10.06 <0.005

10 149.34 14.93 24.28 <0.001

59 196.91 3.34 5.43 <0.001

419 257.71 0.615

Table III.30. Analysis of deviance for juvenile bay anchovy (15-
34 mm) caught by trawl, December-March, 1983-1990.

Source of Variation D.F. Deviance M.D. F P

Month 3 34.94 11.65 17.59 <0.001

YEAR

Linear 1 18.54 18.54 28.01 <0.001

Quadratic 1 4.13 4.13 6.24 <0.025

Other 4 45.30 11.32 17.11 <0.001

Month x Year 18 71.71 3.98 6.02 <0.001

Corrected error 398 323.26 0.81
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Table III.31. Analysis of deviance for first-time spawning bay
anchovy (35-54 mm) caught by bag seine, April-October, 1978-1990.

Source of Variation D.F. Deviance M.D. F P

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

6 30.70 5.12 4.26 <0.001

1 33.35 33.35 27.80 <0.001

1 1.38 1.38 1.15 >0.25

10 258.50 25.85 21.54 <0.001

71 251.50 3.54 2.95 <0.001

710 841.1 1.20

Table III.32. Analysis of deviance for first-spawning bay anchovy
(35-54 mm) caught by trawl, January-December, 1983-1990.

Source of Variation D.F. Deviance M.D.

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

11 37.90

1

1

5

77

1483

233.80

42.08

57.20

242.40

961.80

3.44 5.31 <0.001

233.80 360.52 <0.001

42.08 64.89 <0.001

11.44 17.64 <0.001

3.15 4.85 <0.001

0.65
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Table III.33. Analysis of deviance for remaining adult bay anchovy
(>=55 mm) caught by bag seine, April-November, 1978-1990.

Source of Variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

D.F.

7

1

1

10

83

847

Deviance

85.30

15.74

0.51

106.11

299.70

1093.60

M.D.

12.18

15.74

0.51

0.61

3.61

1.29

F P

9.44 <0.001

12.19 <0.001

00.39 >0.50

8.22 <0.001

2.80 <0.001

Table III.34. Analysis of deviance for remaining adult bay anchovy
(>=55 mm) caught by trawl, January-December, 1983-1990.

Source of Variation D.F. Deviance M.D.

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

11 100.29

1

1

5

77

1179

184.20

29.56

87.69

224.41

685.20

9.12 15.69 <0.001

184.20 316.95 <0.001

29.56 50.86 <0.001

17.54 30.18 <0.001

2.91 5.01 <0.001

0.58
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conclusions of the analysis of deviance. Categorical Month effects explained almost as
much of the total deviance as linear YEAR effects (Table III.33).

Trawl: The pattern of CPUE (Figure III.60) and the results of the analysis of deviance
(Table III.34) were almost identical to trawl results for first-time spawners.

Spatial distribution

Both bag seine and trawl data showed interesting differences in geographic distribution
among age classes. Juveniles caught by bag seine are most abundant throughout West
Bay and the area of Bolivar Roads (Figure III.63), while first-time spawners and
remaining adults are common on all parts of the shoreline except northern Trinity Bay
and the north shore of Upper Galveston Bay (Figures III.64 and III.65). In contrast, the
three size classes of bay anchovy caught by trawl (Figures III.66, III.67, and III.68)
were all widespread in the main part of the Galveston Estuary, but were scarce in West
Bay. Juveniles in particular did not occur in West Bay (Figure III.66), though adults
were recovered from the area of the Causeway and from Christmas Bay (Figure III.68).

Discussion

Bag seine and trawl data showed consistently different results, an apparent paradox.
However, bag seine and trawl data differ in several aspects of sampling: different
localities, both on the local (shoreline vs open bay) and regional (West Bay vs
Galveston-Trinity-East Bays) scales; different seasons and changes in seasonality; and
different time periods. Any of these factors or a combination of them may be
responsible for the apparent differences in trends.

Bag seine data showed a decreasing trend for all size groups (Figures III.55, III.56,
III.57), associated with smaller catches and an increased number of zeros in years after
1981-83. The spacing of peak catches in bag seine results (conspicuous in Figures
III.56B and III.57B) suggest a seven- or eight-year abundance cycle, though the time
series is too short to verify the periodicity. In contrast, all size groups caught by trawl
showed an increase in abundance. The increase was ascribed to larger individual catches
along with a reduction in zero catches, specifically in the widening of the season; more
months produced high catches in recent years.

From 1983 to 1986 high trawl catches were mainly confined to the winter months
(November-February), and juveniles were caught almost exclusively in the winter months
(Figures III.56B, III.59B, III.60B). However, low catches of mature anchovy in the
winter of 1986-87 were followed by an increase in the late spring of 1987, and from
1988 to 1990 there were high catches in all seasons except midsummer (Figures III.59B,
III.60B). Juvenile anchovy showed an unusual June peak in 1988 and an increased
density of high catches through 1989 and 1990 (Figure III.58B). Changes in seasonality
may be partially responsible for the differences between results for bag seine (warm
months analyzed) and trawl data (cold months analyzed).
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Figure III.63. Distribution of juvenile bay anchovy (15-34 mm) caught by bag seine, May-October, 1978-1989.
Circle size is proportional to mean CPUE.
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Figure III.64. Distribution of first-time spawning bay anchovy (35-54 mm) caught by bag seine, April-October,
1978-1989. Circle size is proportional to mean CPUE.
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Figure III.65. Distribution of remaining adult bay anchovy (_>_55 mm) caught by bag seine, April-November, 1978-
1989. Circle size is proportional to mean CPUE.
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Figure III.66. Distribution of young-of-the-year bay anchovy (15-34 mm) caught by trawl, December-March, 1983-
1990. Circle size is proportional to mean CPUE.
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Figure III.67. Distribution of first-time spawning bay anchovy (35-54 mm) caught by trawl, January-December,
1983-1990. Circle size is proportional to mean CPUE.
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Figure III.68. Distribution of remaining adult bay anchovy (_>_55 mm) caught by trawl, January-December, 1983
1990. Circle size is proportional to mean CPUE.
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The apparent contrast between bag seine and trawl results also may be deceptive in that
the differences between the trends were mainly caused by variation prior to 1984, when
only bag seine data were available. When bag seine data from the same years as the
trawl data sets (1983-1990) were analyzed, all three size classes showed a quadratic
annual trend, influenced by the relatively high catch rates in 1983. Only young of the
year had a significant linear component for 1983-90. When the analysis was confined
to the years 1984-1990, both young of the year and first-time spawners showed a linear
increase, similar to results for trawl data (but with no additional quadratic component).
Remaining adults in 1984-90 showed no annual trend.

Though different results for the two gear types are probably not severe, the contrast in
the data sets raises the possibility that a spatial shift in anchovy densities occurred during
the late 1970s or early 1980s. A more detailed analysis of anchovy population trends
in West Bay and in other parts of the estuary will be required in order to document such
a shift or recognize its causes.

Black Drum (Pogonias cromis)

Young-of-the-year black drum (55-85 mm) decreased in abundance from 1978 through
1990, while first-time spawners (300-400 mm) and remaining adults (>400 mm)
increased (Figures 111.69, 111.70, 111.71).

Season and Size Selection

Tagging and length-frequency studies in Texas estuaries indicated that growth is rapid
for small black drum (Pearson 1929, Simmons and Breuer 1962, Doerzbacher et al.
1988). A size range of 55 to 85 mm was chosen to represent young of the year. Fish
of this size predominated in bag seine catches from June through August, the season
chosen for analysis (Figure III.72).

Black drum reach sexual maturity by the end of their second year (Simmons and Breuer
1962). About 90 percent of the spawning activity occurs in February and March. Total
length at Age II has been reported as 250 mm (Pearson 1929), 310 mm (Simmons and
Breuer 1962), or 375 mm (Cornelius 1984). A size range of 300-400 mm included
black drum of the age to spawn for the first time and was well represented in fall gill
net data (Figure III.73). Remaining adults, defined as those greater than 400 mm TL,
were also analyzed in the fall.

Young of the Year

Bag seine: The annual trend was linear with a negative slope (Figure III.69A, Table
III.35). The quadratic component was not significant. The model including Month and
linear YEAR effects explained 26.3 percent of the total deviance. About 53 percent of
the deviance ascribed to annual effects was explained by the linear trend and 47 percent
by YEAR effects other than the linear or quadratic components. Juvenile black drum
are strongly seasonal (Figure III.69B).
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Figure 111.69. A. Mean seasonal (June-August) CPUE and predicted annual CPUE with
confidence intervals for young-of-the-year black drum (55-85 mm) caught by bag seine.
B. Mean CPUE by month. Filled bars: June-August. Hollow bars: months not used
in analysis.
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Figure 111.70. A. Mean seasonal (fall) CPUE and predicted CPUE with confidence
intervals for first-time spawning black drum (300-400 mm) caught by gill net. B.
Mean catch per hour gill net set duration. Data pooled from 1975-1989.
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Figure 111.71. A. Mean seasonal (fall) CPUE and predicted CPUE with confidence
intervals for remaining adult black drum (> 400 mm) caught by gill net. B. Mean catch
per hour gill net set duration. Data pooled from 1975-1989.
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Figure 111.72. Mean CPUE by month for three size classes of black drum caught by bag
seine (<55 mm, 55-85 mm, >85 mm). Data pooled from 1978-1989.

Figure 111.73. Size frequency distribution for black drum caught by gill net during fall
sampling period. Data pooled from 1975-1989.
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First-time Spawners

Gill net: A preliminary analysis using GLIM indicated that set duration was significant
(Figure III.70B), and CPUE was consequently standardized as CATCH/CGTIME/M)15.

The analysis indicated that linear YEAR and the unexplained component of YEAR
effects (Other) were significant, while the quadratic term was not significant (Table
III.36). The fitted linear annual trend (Figure III.70A) was positive; first-time spawners
increased in abundance. Most of the annual deviance (77 percent) was due to YEAR
effects other than the linear or quadratic components.

Remaining Adults

Gill Net: A preliminary analysis using GLIM indicated that set duration (Figure III.7IB)
was not significant. Therefore CPUE was defined as catch per set.

Results of the analysis of deviance showed that the linear component of annual effects
was significant, while the quadratic and other YEAR terms were not significant (Table
III.37). The linear annual trend (Figure III.71 A) was positive; remaining adults
increased in abundance. The linear term explained 52 percent of the deviance associated
with YEAR effects.

Spatial distribution

High catches of juvenile black drum were taken by bag seine in Christmas, Bastrop, and
Chocolate Bays, some parts of the coastline of West Bay, and the north side of East Bay
(Figure III.74). The abundance of benthic peracarid crustaceans has been shown to be
higher in Christmas Bay than in West Bay or the Trinity Bay area (Zimmerman et al.
1990, 1991). It seems likely that high catches of young-of-the-year drum are tied to
areas with submerged aquatic vegetation and seagrasses (Pulich and White 1989). This
type of habitat generally has high densities of benthic crustaceans and annelid worms
(Zimmerman et al. 1990) which serve as important food for young-of-the-year and
juvenile drum (Pearson 1929, Simmons and Breuer 1962).

Adult drum gill net catches were highest along the shoreline of East Bay and the
southern part of Trinity Bay (Figures III.75 and III.76); this may be related to the
distributions of benthic clams (Mulina transversa). crabs, and small fish which are
important in the diet of adult drum (Pearson 1929, Matlock and Garcia 1985). Adult
black drum may aggregate in East Bay prior to moving through Rollover Pass to spawn.
Pearson (1929) noted that commercial fishermen set gill nets to intercept the adult
spawning migration through passes from Nueces Bay and the Laguna Madre. Osburn
and Matlock (1984) found substantial intrabay movement of black drum, but no mass
migration in the winter or during the spring spawning period was noted from Texas
Bays.
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Table III.35. Analysis of deviance for juvenile black drum (55-
85 mm) caught by bag seine, June-August, 1978-1990.

Source of Variation D.F. Deviance M.D. F P

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

2 20.69 10.35

1 72.51 72.51

1 1.74 1.74

10 63.09 6.31

23 40.03 1.74

206 150.63 0.73

14.15 <0.001

99.16 <0.001

2.38 >0.10

8.63 <0.001

2.38 <0.001

Table III.36. Analysis of deviance for first-time spawning black
drum (300-400 mm) caught by gill net, fall season, 1975-1989.
CPUE=CATCH/(GTIME/14)l '* .

Source of Variation

YEAR

Linear

Quadratic

Other

Error

D.F.

1

1

12

445

Deviance

24.73

2.85

90.13

511.74

M.D. F

24.73 21.50

2.85 2.48

7.51 6.53

1.15

P

<0.001

>0.10

>0.10
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Table III.37. Analysis of deviance for remaining adult black drum
(>400 mm), caught by gill net, fall season, 1975-1989.
CPUE=catch/set.

Source of Variation D.F. Deviance M.D. F P

Set Duration 1 1.03 1.03 0.81 >0.25

YEAR

Linear 1 27.72 27.72 21.74 <0.001

Quadratic 1 2.86 2.86 2.24 >0.10

Other 12 24.77 2.06 1.62 >0.05

Set Duration x Year 14 30.60 2.19 1.71 <0.05

Error 445 567.23 1.27

Discussion

The fluctuations in observed CPUE for young-of-the-year black drum (Figure III.69)
may reflect environmental influences and/or the size of the adult spawning population.
A decrease in young-of-the-year in 1980 may have resulted from a drop in the abundance
of first-time spawners in 1979 (Figure III.70). The marked drop in young-of-the-year
in 1984 (Figure III.69) may be related to the freeze of 1983-84 (Anonymous 1985) and
a red toxic dinoflagellate bloom off Galveston in June 1984 (Harper and Guillen 1989).
Low CPUE for young-of-the-year from 1984 to 1990 is cause for concern.

Increases in the abundance of first-time spawners and remaining adult black drum since
1984 may have been a result of regulation of the commercial and sport fisheries. The
use of commercial fishing gear was banned in several parts of the Galveston Estuary
in 1984 (Anonymous 1985) and size, bag and possession limits for the recreational
fishery were imposed by the Texas Parks and Wildlife Commission in 1988 (Anonymous
1988). In 1988, the TPWD Commission banned the use of gill nets, trammel nets and
bag seines in Texas coastal waters, including the Galveston Estuary. The decline in the
abundance of adults in 1987 may have been a result of the 1986 red tide
(Hammerschmidt 1987).
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Figure III.74. Distribution of young-of-the-year black drum (55-85 mm) caught by bag seine, June-August, 1978-
1989. Circle size is proportional to mean CPUE.



Figure 111.75. Distribution of first-time spawning black drum (300-400 mm) caught by gill net, fall, 1975-1989.
Circle size is proportional to mean catch per sample.
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Figure III.76. Distribution of remaining adult black drum (>400 mm) caught by gill net, fall, 1975-1989. Circles
size is proportional to mean catch per sample.



Gulf Menhaden (Brevoortia patronus)

The CPUE for young-of-the-year (20-30 mm) Gulf menhaden peaked in 1980, then
declined through 1989 (Figure III.77). First-time spawners (100-120 mm) showed a
quadratic trend, with maximum catch rates in the winter of 1985-86; 1990 levels are
slightly higher than those for 1983 (Figure III.78). Remaining adults peaked in 1977 but
showed no long-term trend (Figure III.79).

Season and Size Selection

Young menhaden grow rapidly and achieve a length of 130 mm by the end of their first
year. Fish as small as 20 mm were effectively recruited to bag seine and it was possible
to use an exceptionally narrow size range (20-30 mm). A few menhaden in this size
range were caught in January, but heavy recruitment did not occur until February
(Figure III. 80). The months chosen for analysis of bag seine data were those when
young of the year were continually recruiting, from February through July.

Menhaden spawn in Gulf waters at one year of age, at a size of approximately 130 mm
(Etzold and Christmas 1979). A narrow size range (100-120 mm) was chosen to
represent first-time spawners and to minimize repeated sampling of the cohort. A
calendar year was used for analysis because menhaden in this size range were abundant
in trawl data throughout the year (Figure III.81).

Gill nets captured an older size class than first-time spawners; menhaden smaller than
150 mm were not effectively recruited to gill net (Figure III. 82). Fish of all sizes caught
by gill net were used to represent the remaining adult population. The fall season was
chosen for analysis because menhaden probably leave the estuaries to spawn in the Gulf
during September or October (Turner 1969; Fore 1970; Etzold and Christmas 1979).

Young of the Year

Bag seine: Both linear and quadratic annual effects were significant (Table III.38). The
linear component explained most of the total deviance. Categorical Month also explained
much of the deviance, as expected in a strongly seasonal species (Figure III.77B).

High-catch years alternated with low catches from 1978 to 1985 (Figure III.77). The
CPUE reached a maximum of over 350 fish per 0.03 hectare in March of 1980 and
declined thereafter. From 1985 to 1989 annual CPUE was fairly constant at low levels.

First-time spawners

Trawl: The analysis of deviance showed the annual trend was strongly quadratic (Table
III.39). The linear component, though significant, accounted for a relatively small
proportion of the deviance. Categorical Month and Year-Month interaction, indicating
variation in seasonally (Figure III.78B), accounted for much of the total deviance. The
model including Month and linear and quadratic YEAR effects explained only 7 percent
of the total deviance.
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Figure III.77. A. Mean seasonal (February-July) CPUE and predicted CPUE with
confidence intervals for young-of-the-year Gulf menhaden (20-30 mm) caught by bag
seine. B. Mean CPUE by month. Filled bars: February-July. Hollow bars: months
not used in analysis.
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Figure 111.78. A. Mean annual CPUE and predicted CPUE with confidence intervals
for first-time spawning Gulf menhaden (100-120 mm) caught by trawl. B. Mean CPUE
by month.
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Figure HI.79. A. Mean seasonal (fall) CPUE and predicted CPUE with confidence
intervals for remaining adult Gulf menhaden (all sizes) caught by gill net. B. Mean
catch per hour gill net set duration. Data pooled from 1975-1989.
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Month

Figure III.80. Mean CPUE by month for five size classes of Gulf menhaden caught by
bag seine (<=30 mm, > 30-40 mm, > 40-50 mm, > 50-60 mm, >60 mm). Data
pooled from 1978-1989.

Figure III. 81. Mean CPUE by month for four size classes of Gulf menhaden caught by
trawl (<80 mm, 80-99 mm, 100-120 mm, > 120 mm). Data pooled from 1983-1990.
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Figure III.82. Size frequency distribution of Gulf menhaden caught by gill net, fall
sampling period. Data pooled from 1975 to 1989.

Remaining spawners

Gill net: The effect of set duration on catch was complex (Figure III.79B). Catch
increased with set duration up to 12 hours, but as set time increased to 13 hours, catch
declined dramatically. The number of individuals caught continued to decline more
slowly until approximately 16 hours when a sudden drop in catch occurred as set time
approached 17 hours. This decline in catch may be in part due to the tendency for long
gill net sets to occur later in the season, after menhaden have migrated to the Gulf to
spawn.

A model including GTIME, YEAR and YEAR2 was tested using GLIM. Results
indicated that set duration was significant, with a coefficient of -3. Therefore CPUE was
calculated as

CPUE = CATCH/(GTIME/14)3

to give a catch per 14 hours.

Neither the linear nor quadratic trend was significant (Table III.40). The annual
variation was not explained by the model. CPUE increased from 1975 to 1977, then
decreased through 1979. CPUE then increased through 1983 and leveled off from 1985
through 1987, with a slight decrease in 1988 and 1989 (Figure III.79A).
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Table III.38. Analysis of deviance for young-of-the-year Gulf
menhaden (20-30 mm) caught by bag seine, February-July, 1978-1989.

Source of variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

D.F. Deviance M.D. F P

5 102.55 20.51 17.68 <0.001

1 55.71 55.71 48.03 <0.001

1 4.58 4.58 3.95 <0.05

9 84.36 9.37 8.06 <0.001

54 287.03 5.32 4.59 <0.001

362 418.72 1.16

Table III.39. Analysis of deviance for first-time spawning Gulf
menhaden (100-120 mm) caught by trawl, January-December, 1983-
1990.

Source of variation D.F. Deviance M.D. F P

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

11 80.20 7.29 10.39 <0.001

1 4.73 4.73 6.74 <0.01

1 13.80 13.80 19.67 <0.001

5 56.20 11.24 16.02 <0.001

77 311.20 4.04 5.76 <0.001

1730 1213.90 0.70
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Table III.40. Analysis of deviance for remaining adult Gulf
menhaden (>100 mm) caught by gill net, fall season, 1975-1989.
CPUE = CATCH/(GTIME/14) .

Source of variation D.F. Deviance M.D. F P

YEAR

Linear 1 0.20 0.20 0.36 <0.50

Quadratic 1 0.02 0.02 0.04 >0.75

Other 12 14.96 1.25 2.27 <0.01

Error 472 261.27 0.55

Spatial Distribution

Some similarities exist in the spatial distributions of the three size classes of Gulf
menhaden. All size classes were relatively abundant in Upper Galveston Bay, while only
a few large catches of adult menhaden and no large catches of young fish occurred in
Trinity Bay (Figures III.83, III.84, HI.85). The northern part of Lower Galveston Bay
had a few high catches of adult menhaden (Figures III.84, III.85) but the first-time
spawners did not extend to the south and west and were not found in West Bay (Figure
III.84). There was one high catch of remaining adult fish in Chocolate Bay and a few
intermediate catches in Bastrop Bay and the northern shore of West Bay, but fish of this
size range were not abundant in West Bay (Figure HI.85). Young of the year were
relatively abundant along the shores of West Bay and in the Chocolate Bay area (Figure
III.83). Distribution in East Bay was varied among the three age classes, with juveniles
abundant on the southeastern shore (Figure III.83), first-time spawners most prevalent
in the western section of the bay (Figure III.84), and remaining adults rare (Figure
111.85).

Discussion

While young-of-the-year menhaden decreased in abundance, there was little change in
first-time spawners and remaining adults. A slight increase was noted for the first-time
spawners while remaining adults showed no apparent annual trend. The relative
importance of factors influencing catch rates will vary for different size classes. It can
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Figure III.83. Distribution of young-of-the-year Gulf menhaden (20-̂ 30 mm) caught by bag seine, February-July,
1978-1989. Circle size is proportional to mean CPUE.
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Figure III.84. Distribution of first-time spawning Gulf menhaden (100-120 mm) caught by trawl, January-
December, 1983-1990. Circle size is proportional to mean CPUE.



Figure III.85. Distribution of remaining adult Gulf menhaden (>100 mm) caught by gill net, fall, 1975-1989.
Circle size is proportional to mean catch per sample.

139



be inferred that factors influencing young fish have had a more pronounced effect on
these populations than on the more mature fish. For example, the loss of estuarine
marsh, important to the food supply of young menhaden (Copeland and Bechtel 1974),
probably has a detrimental effect on juveniles that is not immediately apparent in the
older population.

Pinfish (Lagodon rhomboides)

Young-of-the-year pinfish (40-60 mm) in bag seine catches peaked in 1984-85 and
declined after 1985 (Figure III.86). Both juvenile (80-109 mm) and first-time spawning
pinfish (110-140 mm) in trawl catches showed an upward trend in abundance (Figure
111.87 and 111.88).

Season and Size Selection

Estimated growth rates for pinfish at 30-70 mm in Texas were about 5.8 to 7.5 mm per
month (Hellier 1962; Cameron 1969). A 20-mm size range for young of the year and
a 30-mm size range for juveniles and first-time spawners were selected as a compromise
between including enough individuals for analysis and minimizing the possibility of
repeatedly sampling the same cohort.

The most numerous 20-mm size range in bag seine samples was between 40 and 60 mm
(Figure III.89). Young of the year were recruited to bag seine as early as March and
decreased by July, therefore the season used to estimate annual recruitment strength for
pinfish was March to June.

The length frequency distribution for trawl data indicated that pinfish in the range of 80-
140 mm were fully recruited to the gear (Figure III.90). Two size classes in two
seasons were analyzed separately. Pinfish in the 80-109 mm size range were mostly
caught in the summer (June-August), coinciding with the recruitment and growth pattern
found in bag seine samples, and were used to examine the trend of juveniles. Pinfish
in the 110-140 mm size range were mostly caught in the fall (September-November).
The smallest sexually mature pinfish collected by Caldwell (1957) was a 189-mm female
taken in October, though Hansen (1970) concluded that most pinfish mature during the
fall offshore spawning migration or at offshore spawning sites and that maturation size
was about 103 mm. Therefore the 110-140 mm size range was chosen to represent
pinfish at or near the age to reproduce for the first time. The season used for analysis
was a three-month period from September to November (Figure III.90).

Young of the year

Bag seine: The annual linear trend was not significant, but the quadratic component was
significant (Table 111.41). The quadratic component only accounted for 17 percent of
the deviance ascribed to YEAR effects, leaving a significant fraction unexplained. The
deviance associated with Month was large, reflecting the large differences in CPUE
among months (Figure III.86B). High catch rates occurred in 1981, 1984 and 1985 but
there was generally low recruitment in the first (1978-80) and last three years (1987-
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Figure III.86. A. Mean seasonal (March-June) CPUE and predicted CPUE with
confidence intervals for young-of-the-year pinfish (40-60 mm) caught by bag seine. B.
Mean CPUE by month. Filled bars: March-June. Hollow bars: months not used for
analysis.
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Figure III.87. A. Mean seasonal (June-August) CPUE and predicted CPUE with
confidence intervals for juvenile pinfish (80-109 mm) caught by trawl. B. Mean CPUE
by month. Filled bars: June-August. Hollow bars: months not used for analysis.
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Figure III.88. A. Mean seasonal (September-November) CPUE and predicted CPUE
with confidence intervals for first-time spawning pinfish (110-140 mm) caught by trawl.
B. Mean CPUE by month. Filled bars: September-November. Hollow bars: months
not used for analysis.
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Figure 111.89. Mean CPUE by month for four size classes of pinfish caught by bag
seine (<40 mm, 40-60 mm, > 60-80 mm, >80 mm). Data pooled from 1978-1989.

Figure III.90. Mean CPUE by month for four size classes of pinfish caught by trawl
(<80 mm, 80-109 mm, 110-140 mm, > 140 mm). Data pooled from 1983-1990.
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89). This resulted in a negative estimate for the quadratic term and a convex-shaped
trend curve (Figure III.86A).

Juveniles

Trawl: Juvenile pinfish showed a significant increasing linear trend (Table III.42, Figure
III.87). The quadratic component was not significant. The linear component accounted
for 39 percent of the deviance associated with YEAR effects.

First-time spawners

Trawl: The analysis of deviance showed that both the linear trend and the quadratic
component were positive and significant (Table III.43, Figure III.88). The linear
component explained 37 percent of the annual variation, and the quadratic component
accounted for 8 percent; almost as much was explained by Year-Month interaction.

The pattern of relative abundance for juveniles and first-time spawners may be
correlated, with the exception of 1989. For juveniles, high catch years were 1986,
1988, and 1990, and low catches occurred in 1983, 1987, and 1989 (Figure III.87B); for
first-time spawners, high catches occurred in 1986, 1989, and 1990, and low catches in
1983, 1985, and 1987 (Figure III.88B).

Spatial Distribution

Young-of-the-year pinfish were recovered almost exclusively from West Bay and the
southern shore of East Bay (Figure 111.91). Juveniles and first-time spawners occurred
almost entirely in West Bay and the adjacent part of Lower Galveston Bay southwest of
the GSC (Figures III.92 and III.93). Pinfish were one of the most geographically
restricted species studied.

Discussion

Pinfish were the fifth most numerous fish caught by bag seine. In contrast, they were
not common in trawl samples, probably because pinfish generally prefer the shallow
vegetated flats of estuaries (Muncy 1984), and bay trawls do not sample in water less
than 1 m deep. Only 196 juvenile fish and 192 first-time spawners were caught.
Though pinfish were scarce in trawl samples, the data should parallel the abundance
trend for the population as a whole, if pinfish abundances in preferred habitats correlated
with relative abundances in non-preferred habitat.
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Figure III.91. Distribution of young-of-the-year pinfish (40-60 mm) caught by bag seine, March-June, 1978-
1989. Circle size is proportional to mean CPUE.
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Figure III.92. Distribution of juvenile pinfish (80-109 mm) caught by trawl, June-August, 1983-1990. Circle size
is proportional to mean catch per sample.
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Figure 111.93. Distribution of first-time spawning pinfish (110-140 mm) caught by trawl, September-November,
1983-1990. Circle size is proportional to mean CPUE.



Table III.41. Analysis of deviance for juvenile pinfish (40-60 mm)
caught by bag seine, March-June, 1978-1989.

Source of Variation D.F. Deviance M.D. F P

Month 3 69.61 23.20 15.71 <0.001

YEAR

Linear 1 0.18 0.18 0.12 >0.75

Quadratic 1 8.31 8.31 5.43 <0.025

Other 9 39.55 4.39 2.87 <0.005

Month x Year 32 137.35 4.29 2.81 <0.001

Corrected error 304 463.87 1.53

Table III.42. Analysis of deviance for juvenile pinfish (80-109
mm) caught by trawl, June-August, 1983-1990.

Source of Variation D.F. Deviance M.D. F P

Month 2 4.06 2.03 3.97 <0.025

YEAR

Linear 1 20.36 20.36 39.83 <0.001

Quadratic 1 0.48 0.48 0.93 >0.25

Other 5 31.25 6.25 12.23 <0.001

Month x Year 14 32.01 2.29 4.47 <0.001

Corrected error 399 203.94 0.51
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Table III.43. Analysis of deviance for first-time spawning pinfish
(110-140 mm) caught by trawl, September-November, 1983-1990.

Source of Variation D.F. Deviance M.D. F P

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

2

1

1

5

14

400

0.32

13.88

3.08

20.84

53.93

231.23

0.16 0.28 >0.75

13.88 24.01 <0.001

3.08 5.33 <0.025

4.17 7.21 <0.001

3.85 6.66 <0.001

0.58

Red Drum (Sciaenops ocellata)

Young-of-the-year red drum (25-65 mm) showed a quadratic trend with a gradual
increase in CPUE until a peak in 1982, a decrease from 1983 to 1986, followed by a
sudden increase in 1987. The CPUE was low in the two following years (1988 and
1989; Figure III.94). Both juveniles and first-time spawners showed a general increase
in CPUE through 1986, followed by a decline in 1987 (Figures 111.95, 111.96). Year-
to-year variation in CPUE was large for young of the year and juveniles compared with
that observed for first-time spawners.

Size and Season Selection

Young red drum grow rapidly; a growth rate of 0.7 to 1.7 mm per day is common
(Swingle et al. 1983). A size range of 25 to 65 mm was selected to represent young of
the year. Fish of this size range appeared in bag seine samples in October through
February of the following year (Figure III.97), though virtually all of the fish caught in
February were recruits from earlier months and fell close to the upper end of the size
range. Data from October through January of the following year were used to estimate
the annual recruitment strength.

Red drum spawn in the fall between mid-August and December in the Gulf of Mexico
(Reagan 1973); consequently the spring season was chosen to represent the group most
likely to migrate to the Gulf to spawn for the first time. While the size of red drum at
sexual maturity is not well known, Matlock (1984) indicated it may be at least 500 to
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Figure III.94. A. Mean seasonal (October-January) CPUE and predicted CPUE with
confidence intervals for young-of-the-year red drum (25-65 mm) caught by bag seine.
B. Mean CPUE by month. Filled bars: October-January. Hollow bars: months not
used for analysis.
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Figure 111.95. A. Mean seasonal (spring) CPUE and predicted CPUE with confidence
intervals for juvenile red drum (375-500 mm) caught by gill net. B. Mean catch per
hour gill net set duration. Data pooled from 1977-1989.
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Figure III.96. A. Mean seasonal (spring) CPUE and predicted CPUE with confidence
intervals for first-time spawning red drum (501-700 mm) caught by gill net. B. Mean
catch per hour gill net set duration. Data pooled from 1977-1989.

153



Figure 111.97. Mean CPUE by month for three sizes of red drum caught by bag seine
(25-65 mm, > 65-105 mm, >105 mm). Data pooled from 1977-1989.

Figure III.98. Size frequency distribution of red drum caught by gill net during spring
sampling period. Data pooled from 1977-1989.
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700 mm on the Texas coast, and a size range of 501-700 mm was chosen to represent
the first-time spawners. Smaller fish were also abundant in spring gill net data (Figure
III.98) and the adjacent smaller size class, 375-500 mm, was selected to represent
juveniles. Growth rates of 150 mm per year are documented for red drum of this age
(Doerzbacher et al. 1988); the 125-mm size range for juveniles was used in order to
confine sampling to a single year class.

Young of the year

Bag seine: Both the linear and quadratic components of YEAR were significant in the
analysis of deviance (Table III.44). The quadratic component explained the greatest
proportion of the annual variation; the trend centered on the peak year 1984-85.
Categorical Month also explained much of the variation (Figure III.94B).

Juveniles

Gill net: Visual inspection of the plot of catch versus set duration suggested that catch
varies with GTIME (Figure III.95B). A significant relationship was indicated by both
the SAS ANCOVA models and GLIM (P< 0.001). The coefficient for GTIME obtained
by GLIM was approximately 2. Therefore, CPUE was defined as

CPUE = CATCH/(GTIME/12.5)2

to give a catch per 12.5 hours (the average set time for the spring data).

The quadratic annual trend was significant though the linear component was not (Table
III.45). The model only explained a small amount of the total deviance.

Table III.44. Analysis of deviance for young-of-the-year red drum
(25-65 mm) caught by bag seine, October-January, 1977-1989.

Source of Variation D.F. Deviance M.D. F P

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

3

1

1

10

36

293

43

8

20

84

76

286

.43

.43

.94

.15

.92

.74

14.

8.

20.

8.

2.

0.

48

43

94

42

14

98

14.

8.

21.

8.

2.

77 <

60 <

37 <

59 «

18 <

C0.001

:0. 005

:0.001

:0.001

:0.001
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Table III.45. Analysis of deviance for juvenile red drum (375-
500 mm) caught by gill net, spring season, 1983-1990.
CPUE=CATCH/(GTIME/12.5)2 .

Source of Variation D.F.

YEAR

Linear 1

Quadratic 1

Other 11

Error 450

Table III. 46. Analysis of
drum (501-700 mm) caught by
CPUE=catch/set.

Source of Variation D.F.

GTIME 1

YEAR

Linear 1

Quadratic 1

Other 11

GTIME X YEAR 13

Error 425

Deviance

1.27

15.94

43.72

607.57

M.D. F P

1.27 0.94 >0.25

15.94 11.81 <0.001

3.97 2.94 <0.001

1.35

deviance for first-time spawning red
gill net, spring season, 1983-1990.

Deviance

2.88

11.29

19.95

22.30

10.10

469.26

M.D. F P

2.88 2.62 >0.10

11.29 10.26 <0.005

19.95 18.14 <0.001

2.03 1.84 <0.05

0.78 0.71 >0.75

1.10
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First-time spawners

Gill net: Figure III.96B suggested a linear relationship between catch and set duration.
However, when a GLIM model including GTIME, YEAR, and YEAR2 was tested,
results showed set duration was not significant (P=0.25). CPUE was therefore defined
as catch per set.

Both the linear and quadratic annual trends were found to be significant (Table III.46).
There was relatively close correspondence between mean annual CPUE and values fitted
by a model including linear and quadratic YEAR effects (Figure III.96A).

Spatial distribution

Young of the year were found throughout the estuary with the highest concentrations in
Christmas Bay, Bastrop Bay, Chocolate Bay, West Bay, East Bay, around Smith Point
and near the Clear Lake area (Figure III.99). The geographic distributions of juvenile
and first-time spawning red drum were similar; the highest catches for both size classes
were concentrated in East Bay, around Christmas Bay, Bastrop Bay, and the northern
part of Upper Galveston Bay (Figures III. 100, III. 101).

Discussion

For all three size classes of red drum analyzed the quadratic component of YEAR was
significant. In all cases, there was a general increase in CPUE during the first years of
the study followed by a decline. The timing of the decline varied. The causes of these
trends are not fully understood but a number of factors may contribute to them. Young
red drum are usually found in protected waters with grass and mud bottoms (Simmons
and Breuer 1962), and recent losses of this habitat could be detrimental to them. Food
studies show that shrimp are a favorite food of juvenile red drum (Pearson 1928, Miles
1950), and fluctuations in shrimp populations could affect red drum. Population trends
are further complicated by regulation and stocking efforts to rehabilitate the species.
Commercial fishing was banned in 1979 and, at least initially, adult populations
increased. Close to five million red drum fry were stocked in the Galveston Estuary in
1979 and over one million in 1983 (Matlock 1986); stocking may be reflected by the
peak catches of young fish in those years and, to some degree, in subsequent peaks in
the two larger size classes. However, no such peak appeared in 1985 when over one
and a half million fingerlings were stocked, possibly because most of them were released
later in the year and were not of sufficient size to be included in the 25-65 mm size
range.

Sand Seatrout (Cynoscion arenarius)

Young-of-the-year sand seatrout (35-55 mm) caught by bag seine increased in abundance
from 1978 through 1984, then decreased from 1984 until 1988 (Figure III. 102), with
peak catches in 1982-84 and 1989. Juveniles (65-85 mm) caught by trawl increased in
abundance from 1983 to 1990 (Figure III. 103) though first-time spawners (140-160 mm)
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Figure III.99. Distribution of young-of-the-year red drum (25-65 mm) caught by bag seine, October-January, 1978-
1989. Circle size is proportional to mean CPUE.



Figure III. 100. Distribution of juvenile red drum (375-500 mm) caught by gill net, spring, 1977-1990. Circle size
is proportional to mean catch per sample.
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Figure III. 101. Distribution of first-time spawning red drum (501-700 mm) caught by gill net, spring, 1977-1990.
Circle size is proportional to mean catch per sample.



showed no annual trend during the same period (Figure III. 104). Remaining adults
(> =160 mm) caught by gill net decreased in abundance from 1975 to 1989 (Figure
III. 105).

Season and size selection

Young of the year showed a bimodal pattern of recruitment to bag seine samples during
April through October, corresponding to the March-May and August-September
spawning periods (Schlossman and Chittenden 1981). The 35-55 mm size range was the
most numerous 20-mm group in the bag seine samples (Figure III. 106). The entire
recruitment period (April through October) was used for analysis.

Sand seatrout were common in trawl samples in all but the coldest months. New
recruits, as small as 17 mm, appeared from May to July; large catches of juveniles less
than 85 mm occurred in the summer and fall (Figure III. 107). To minimize the repeated
sampling of the same cohort the analysis was restricted to a size range of 65-85 mm
during the months of May through December.

Females mature at 140-180 mm as they approach one year of age (Schlossman and
Chittenden 1981). The 140-160 mm size range was selected to represent fish at or near
the age to spawn for the first time. The months of April through November, when fish
of this size were common in trawl samples, were used for analysis (Figure III. 107).
Remaining adults, defined as those over 160 mm, were analyzed using gill net samples
taken during the fall, when they were caught in sufficient numbers for analysis (Figure
III. 108).

Young of the year

Bag seine: The analysis of deviance revealed no significant linear trend and a marginally
significant (0.10>P>0.05) quadratic component (Table III.47). A model including
Month and linear and quadratic YEAR, shown in Figure III.102A, explained 9.95
percent of the total deviance, a relatively small proportion. Most of the deviance was
explained by Month and the component of YEAR that is neither linear nor quadratic.
The plot of mean monthly CPUE from 1978 to 1989 showed considerable variation but
little indication of a trend (Figure III.102B). High catches occurred in October 1984,
while 1980, 1987, and 1988 had low catch rates. In most years the greatest mean
monthly CPUE occurred in late spring (April through June), but in four of the twelve
years studied (1981, 1983, 1984, and 1989) the peak month was in early fall (August
through October).

Juveniles

Trawl: A linear annual trend accounted for most of the temporal variation (Table
III.48). Values fitted by the linear model (Figure IIL103A) corresponded closely to
observed mean seasonal CPUE, with the exception of high catches in the summer of
1989. Variation in seasonally is reflected in the significance of Month effects and Year-
Month interactions (Figure III.103B).
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Figure III. 102. A. Mean seasonal (April-October) CPUE and predicted CPUE with
confidence intervals for young-of-the-year sand seatrout (35-55 mm) caught by bag seine.
B. Mean CPUE by month. Filled bars: April to October. Hollow bars: months not
used for analysis.
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Figure III. 103. A. Mean seasonal (May-December) CPUE and predicted CPUE with
confidence intervals for juvenile sand seatrout (65-85 mm) caught by trawl. B. Mean
CPUE by month. Filled bars: May-December. Hollow bars: months not used for
analysis.
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Figure III. 104. A. Mean seasonal (April-November) CPUE and predicted CPUE with
confidence intervals for first-time spawning sand seatrout (140-160 mm) caught by trawl.
B. Mean CPUE by month. Filled bars: April-November. Hollow bars: months not
used for analysis.
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Figure III. 105. A. Mean seasonal (fall) CPUE and predicted CPUE with confidence
intervals for remaining adult sand seatrout (> 160 mm) caught by gill net. B. Mean
catch per hour gill net set duration. Data pooled from 1975-1990.
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Figure III. 106. Mean CPUE by month for three size classes of sand seatrout caught by
bag seine (<35 mm, 35-55 mm, >55 mm). Data pooled from 1978-1989.

Figure III. 107. Mean CPUE by month for four size classes of sand seatrout caught by
trawl (_<_85 mm, >85-< 140 mm, 140-160 mm, > 160 mm). Data pooled from 1983-
1990.
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First-time spawners

Trawl: Most of the temporal variation was accounted for by Month effects (Table
III.49, Figure III.104B) or was unexplained by the model. There was no significant
quadratic component and linear YEAR was marginally significant (0.05<P<0.10).

Remaining adults

Gill net: The relationship between catch and set duration was not linear (Figure
III.105B). The significance of set duration was tested using a GLIM model including
GTIME, linear and quadratic YEAR, and YEAR-GTIME interaction. The initial
analysis of deviance (Table III.50) showed that set duration was not significant. No
correction for set duration was made and CPUE was defined as catch per set.

There was a linear decrease in CPUE from 1975 to 1989 (Figure III. 105A), though there
was considerable temporal variation and much of the total deviance was unexplained by
the model (Table 111.50).
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Figure III. 108. Size frequency distribution for sand seatrout caught by gill net during
fall sampling period. Data pooled from 1975-1990.



Table III.47. Analysis of deviance for young-of-the-year sand
seatrout (35-55 mm) caught by bag seine, April-October, 1978-1989.

Source of Variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

D.F.

6

1

1

9

65

407

Deviance

82.56

0.43

3.81

100.17

217.49

429.62

M.D. F P

13.76 12.98 <0.001

0.43 0.41 >0.50

3.81 3.59 >0.05

11.13 10.50 <0.001

3.30 3.11 <0.001

1.06

Table III.48. Analysis of deviance for juvenile sand seatrout (65-
85 mm) caught by trawl, May-December, 1983-1990.

Source of Variation D.F. Deviance M.D. F P

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

7 41.91 5.99 12.38 <0.001

1 72.14 72.14 149.17 <0.001

1 0.11 0.11 0.23 >0.50

5 31.69 6.34 13.11 <0.001

49 101.12 2.06 3.92 <0.001

1046 550.50 0.53
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Table III.49. Analysis of deviance for first-time spawning sand
seatrout (140-160 mm) caught by trawl, April-November, 1983-1990.

Source of Variation D.F. Deviance M.D. F P

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

7

1

1

5

49

1046

23.28 10.47 19.89 <0.001

1.70 1.70 3.23 >0.05

0.62 0.62 1.18 >0.25

37.88 7.58 14.40 <0.001

101.12 2.06 3.92 <0.001

550.50 0.53

Table III.50. Analysis of deviance for remaining adult sand
seatrout (>160 mm) caught by gill net, fall season, 1975-1990.
CPUE=catch/set.

Source of Variation D.F. Deviance M.D. F P

GTIME

YEAR

Linear

Quadratic

GTIME x YEAR

Other

Corrected error

0.85 0.85

1

1

14

12

445

5.

0.

18.

70.

396.

19

56

82

85

26

5.19

0.56

1.34

5.90

0.89

0.96 >0.50

5.83 <0.025

0.63 >0.25

1.51 >0.05

6.63 <0.001
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Spatial distribution

Catch rates for young-of-the-year sand seatrout are highest in the distal parts of East and
West Bays (Figure III. 109), though they are recovered from all parts of the Galveston
Estuary shoreline except northern Trinity Bay. Juveniles caught by trawl are also most
common in East Bay, West Bay, and southern Trinity Bay (Figure III. 110). High
catches for first-time spawners were most dense in West Bay and southern Trinity Bay,
but also occurred in patches of Lower Galveston Bay, northern Upper Galveston Bay,
and East Bay (Figure III. 111). Remaining adults caught by gill net (in contrast with
young of the year caught by bag seine) are densest along the shores of East Bay,
southern Trinity Bay, and upper Galveston Bay, but are relatively scarce in West Bay
(Figure III. 112).

Discussion

Though bag seine data were inconclusive, trawl and gill net results showed an increase
in juveniles while first-time spawners showed no trend and remaining adults decreased
in abundance. This phenomenon appeared as a decrease in mean size when trawl data
were examined as a whole (Figure III. 113). A 12 percent decrease in mean length was
also reported for sand seatrout caught by sportboat fishermen between 1974 and 1988
coastwide in Texas (Maddux et al. 1989, fig. 19). One obvious reason for differing
trends among size groups might be fishing pressure, because large sand seatrout are a
popular food fish while small sand seatrout are not retained by fishermen. However,
other factors that may differentially affect larger sand seatrout, such as a loss of the
preferred food supply of adults or shrimping bycatch (Bryan et al. 1982), should be
investigated.
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Figure III. 113. Mean length for sand seatrout caught by trawl, 1983-1990.



Figure III. 109. Distribution of young-of-the-year sand seatrout (35-55 mm) caught by bag seine, April-October,
1978-1989. Circle size is proportional to mean CPUE.
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Figure III. 110. Distribution of juvenile sand seatrout (65-85 mm) caught by trawl, May-December, 1983-1990.
Circle size is proportional to mean CPUE.
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Figure III.l 11. Distribution of first-time spawning sand seatrout (140-160 mm) caught by trawl, April-November,
1983-1990. Circle size is proportional to mean CPUE.
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Figure III. 112. Distribution of remaining adult sand seatrout (>160 mm) caught by gill net, fall, 1975-1989.
Circle size is proportional to mean catch per sample.

174



Southern Flounder (Paralichthys lethostigma)

There was no significant trend in CPUE for either young-of-the-year (20-45 mm) or
adult (>250 mm) southern flounder in this study (Figures III. 114, III. 115).

Size and Season Selection

McEachron et al. (1977) reported that juvenile flounder grew an average of 20 mm per
month between February and June 1973 in Christmas Bay. At approximately 20 mm
flounder are effectively recruited to bag seine. Large numbers of young of the year are
caught by bag seine in February and March (Figure III. 116). Data analysis was confined
to these two months, using a size range of 20-45 mm to minimize repeated sampling of
the cohort.

Southern flounder leave the Estuary in October through December to spawn in the Gulf
when they are approximately two years old (Stokes 1977). Males grow more slowly
than females and are approximately 231-280 mm at this age while females are
approximately 301-450 mm (Stokes 1977). Recruitment to gill net was effective when
fish were larger than 200 mm (Figure III. 117). Flounder greater than 250 mm caught
by gill net in the fall season were chosen to represent the adult population.

Young of the Year

Bag seine: Neither the linear nor the quadratic components were significant in the
analysis of deviance (Table 12A). Most of the deviance was explained by Month, that
is, by strongly seasonal behavior (Figure III.51). Month-Year interaction was also
significant.

Adults

Gill net: For short gill net set times (9-10 hours) catch increased with set duration
(Figure III.115B). As the set time continued to increase, however, the number of fish
caught decreased. One possible explanation for this effect is that flounder migrate to the
Gulf to spawn from October to December (Stokes 1977), while set duration increases
during the fall. Despite the appearance of a quadratic relationship for set duration and
catch, initial SAS ANCOVA models suggested that neither GTIME nor GTIME2

contributed significantly to the deviance. In addition the models indicated that set
duration and linear effects were colinear. A model was tested that included only linear
and quadratic YEAR terms, without a set duration or interaction term. The calculation
of CPUE did not include a correction for set duration and CPUE was defined to be catch
per set.

Results of the analysis of deviance showed that neither linear nor quadratic YEAR were
significant (Table III.52).
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Figure III. 114. A. Mean seasonal (February-March) CPUE and predicted CPUE with
confidence intervals for young-of-the-year southern flounder (20-45 mm) caught by bag
seine. B. Mean CPUE by month. Filled bars: February-March. Hollow bars: months
not used for analysis.
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Figure III. 115. A. Mean seasonal (fall) CPUE and predicted CPUE with confidence
intervals for adult southern flounder (> 250 mm) caught by gill net. B. Mean catch per
hour gill net set duration. Data pooled for 1975-1989.
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Figure III. 116. Mean CPUE by month for three size classes of southern flounder caught
by bag seine (< =45 mm, >45-70 mm, >70 mm). Data pooled over 1978-1989.

Figure III. 117. Size frequency distribution for southern flounder caught by gill net
during fall sampling period. Data pooled for 1975-1989.
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Table III.51. Analysis of deviance for young-of-the-year southern
flounder (20-45 mm) caught by bag seine, February-March, 1978-
1989.

Source of variation

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

D.F.

1

1

1

9

11

130

Table III. 52. Analysis of
flounder (>250 mm) caught by
CPUE = catch/ set.

Source of variation

YEAR

Linear

Quadratic

Other

Error

D.F.

1

1

12

472

Deviance

9.21

0.28

0.04

51.97

35.18

122.94

deviance
gill net

Deviance

0.01

0.00

33.11

524.46

M.D. F P

9.21 9.69 <0.005

0.28 0.29 >0.50

0.04 0.04 >0.75

5.77 6.07 <0.001

3.20 3.37 <0.001

0.95

table for adult southern
, fall season, 1975-1989.

M.D. F P

0.01 0.01 >0.75

0.00 0.00 >0.75

2.76 2.49 <0.005

1.11
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Spatial Distribution

Young-of-the-year southern flounder were most abundant on the northern shore of West
Bay, in Chocolate Bay, Bastrop Bay, Christmas Bay, and the northern and eastern shores
of East Bay (Figure III. 118). Adults, in contrast, were well dispersed throughout the
estuary system with highest concentrations in Christmas Bay, Bastrop Bay, the northern
and southern shores of West Bay, the northern and southern shores of East Bay, Smith
Point, and Trinity Bay (Figure III. 119).

Discussion

No significant trend was shown for either size class of flounder. There appeared to be
a balance between factors which would tend to increase the abundance of the fish and
those tending to cause a decrease.

Spotted Seatrout (Cynoscion nebulosus)

Young-of-the-year spotted seatrout (35-75 mm) showed a linear decrease in abundance
from 1978 to 1990 (Figure III. 120). In contrast, first-time spawners (350-450 mm)
showed a stepwise increase in CPUE from 1977 until a peak in 1987, followed by a
decrease through 1990 (Figure III. 121). Remaining spawners (> 450 mm) also increased
nonlinearly in abundance (Figure III. 122).

Size and season selection

Small spotted seatrout grow an average of 25 mm in forty days in Tampa Bay, Florida
(McMichael and Peters 1989). A size range of 35-75 mm was chosen to represent
juvenile spotted seatrout. Fish in this size range began to appear in bag seine catches
in June and new recruitment ceased by end of November (Figure III. 123). Therefore
the analyses were confined to data collected from June through November.

The spring season was chosen for the analysis of spotted seatrout in gill net data because
spawning peaks in late April to July (Perret et al. 1980). Studies in South Texas showed
that 90 percent of female spotted seatrout were sexually mature at 320 mm and males
at 240 mm (Brown-Peterson et al. 1988). Fish began to be recruited to gill net at
approximately 300 mm (Figure III. 124). The 350 to 450 mm size class most closely
represented the age of first reproduction and was used for analysis of first-time
spawners. Fish greater than 450 mm represented the remaining adults.

Young of the year

Bag seine: All factors were significant in the analysis of deviance except for the
quadratic component. Most of the deviance was explained by a negative linear trend
(Table 111.53). Categorical Month was also important, because high catches occur
exclusively in the fall (Figure III.120B).
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Figure III. 118. Distribution of young-of-the-year southern flounder (20-45 mm) caught by bag seine, February-
March, 1978-1989. Circle size is proportional to mean CPUE.



182

Figure III. 119. Distribution of adult southern flounder (> 250 mm) caught by gill net, fall, 1975-1989. Circle size
is proportional to mean catch per sample.



Figure III. 120. A. Mean seasonal (June-November) CPUE and predicted CPUE with
confidence intervals for young-of-the-year spotted seatrout (35-75 mm) caught by bag
seine. B. Mean CPUE by month. Filled bars: June-November. Hollow bars: months
not used for analysis.
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Figure III. 121. A. Mean seasonal (spring) CPUE and predicted CPUE with confidence
intervals for first-time spawning spotted seatrout (350-450 mm) caught by gill net. B.
Mean catch per hour gill net set duration. Data pooled from 1977-1990.
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Figure III. 122. A. Mean seasonal (spring) CPUE and predicted CPUE with confidence
intervals for remaining adult spotted seatrout (>450 mm) caught by gill net. B. Mean
catch per hour gill net set duration. Data pooled from 1977-1990.
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Figure III. 123. Mean CPUE by month for four size classes of spotted seatrout caught
by bag seine (<35 mm, 35-75 mm, >75-115 mm, >115 mm). Data pooled from
1978-1989.

Figure III. 124. Size frequency distribution of spotted seatrout caught by gill net during
spring sampling period. Data pooled from 1977-1990.
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Table III.53. Analysis of deviance for young-of-the-year spotted
seatrout (35-75 mm) caught by bag seine, June-November, 1978-1990.

Source of Variation D.F. Deviance M.D. F P

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

5

1

1

10

59

381

60.85

52.85

1.28

52.74

217.55

322.32

12.17

52.85

1.28

5.27

3.69

0.85

14.38 <0.001

62.47 <0.001

1.51 >0.10

6.23 <0.001

4.36 <0.001

First-time spawners

Gill net: Catch did not appear to be related to set duration (Figure III.121B). A model
including GTIME was tested using GLIM, but the term was not significant (P>0.75).
CPUE was consequently defined as catch per set.

Both the linear and quadratic components of YEAR were significant (Table III.54). The
annual pattern suggests some periodicity, with strong increases over a two-year period
(1979-1981, 1985-1987) followed by four-year periods of stable or decreasing CPUE
(1981-1985, 1986-1990; Figure III. 121).

Remaining spawners

Gill net: It was unclear whether the relationship between set duration and catch was
significant (Figure III. 121B). A model including GTIME, YEAR, YEAR2, and GTIME-
YEAR interaction was tested using GLIM. Results of the preliminary analysis showed
that GTIME was not significant in determining catch rates (P<0.25), and CPUE was
defined as catch per set.

Both the linear and quadratic terms were significant (Table III.55). The pattern of mean
annual CPUE (Figure III.122A) showed a gentle increase from 1977 to a peak in 1985,
and fairly stable levels through 1990, though there was considerable year-to-year
variation.

187



Table III.54. Analysis of deviance for first-time spawning spotted
seatrout (350-450 mm) caught by gill net, spring season, 1977-
1990. CPUE = catch/set.

Source of variation D.F. Deviance M.D. F P

GTIME

Year

Linear

Quadratic

Other

GTIME X YEAR

Error

1 0.00 0.00 0.00 >0.75

1 27.20 27.20 22.11 <0.001

1 6.08 6.08 4.94 <0.05

11 10.97 1.00 0.81 >0.50

13 18.14 1.40 1.13 >0.25

425 523.40 1.23

Table III.55. Analysis of deviance for remaining adult spotted
seatrout (>450 mm) caught by gill net, spring season, 1977-1990.
CPUE = catch/set.

Source of Variation D.F. Deviance M.D. F P

GTIME 1 2.28 2.28 2.38 >0.10

Year

Linear 1 5.21 5.21 5.43 <0.025

Quadratic 1 5.06 5.06 5.27 <0.025

Other 11 16.47 1.50 1.56 0.10

GTIME X YEAR 13 11.77 0.91 0.94 >0.50

Error 425 406.27 0.96
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Spatial distribution

Young-of-the-year spotted seatrout are found in highest concentrations in Bastrop Bay,
Christmas Bay, and the southern shores of West and East Bays (Figure III. 125).
Relatively large numbers were also caught in some sites in Upper and Lower Galveston
Bay. Trinity Bay catches were low. First-time spawners were widely distributed but
not as common in Trinity Bay, and were mainly found on the southern shores of West
and East Bay and the Bastrop and Chocolate Bay areas (Figure III. 126). In contrast,
large catches of remaining adults occurred throughout the bay system, including the
Trinity Bay area (Figure III. 127).

Discussion

Young-of-the-year spotted seatrout decreased in abundance during the study period, while
first-time spawners and remaining adults apparently increased, at least in the early years
of the study. Loss of nursery habitat may have played a critical role in the decrease of
young fish. The slight decrease in recent years of the adult population may reflect
random year to year variation or a cyclic pattern; alternatively it may indicate a true
decrease related to the decrease in juveniles, increased fishing pressure, or other factors
not taken into account in this study.

Striped Mullet (Mugil cephalus)

Young-of-the-year striped mullet (20-40 mm) showed peak CPUE in 1981 and 1987,
with five years of poor recruitment between peaks (Figure III. 128). First-time spawners
(230-275 mm) increased from 1983 to 1990, with peaks in the winters of 1985-86 and
1989-90 (Figure III. 129). Age IV adults (275-314 mm) decreased from 1975 to 1979,
then maintained fairly constant levels through 1990 (Figure III. 130), while Age V+
adults (>314 mm) exhibited no quantifiable trend during the same period (Figure
III. 131); minimum CPUE occurred in 1979 and a maximum in 1984.

Season and Size Selection

New recruits <40 mm were most abundant in bag seine catches in February and March
(Figure III. 132). A size range of 20-40 mm was selected to represent young-of-the-
year mullet.

Moore (1973, 1974) found that striped mullet near Port Aransas became sexually mature
at Age III, at a size of 230-275 mm. CPUE for all size groups in trawl data was highest
from December to March, the months selected for analysis (Figure III. 133).

Mullet ranging in size from 200 to over 650 mm were taken in gill nets during the fall
sampling period (Figure III. 134). The fall gill net season was considered the best time
to monitor the abundance of remaining adults because spawning takes place in the winter
(October to March with peak spawning from December through February; Gunter 1945,
Anderson 1958, Arnold and Thompson 1958, Arnold et al. 1960, Hellier 1962, Moore
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Figure III. 125. Distribution of young-of-the-year spotted seatrout (35-75 mm) caught by bag seine, June-December,
1978-1989. Circle size is proportional to mean CPUE.
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Figure III. 126. Distribution of first-time spawning spotted seatrout (350-450 mm) caught by gill net, spring, 1977-
1990. Circle size is proportional to mean catch per sample.
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Figure III. 127. Distribution of remaining adult spotted seatrout (>4M) mm) caught by gill net, spring, 1977-
1990. Circle size is proportional to mean catch per sample.



Figure HI. 128. A. Mean seasonal (February-March) CPUE and predicted CPUE with
confidence intervals for young-of-the-year striped mullet (20-40 mm) caught by bag
seine. B. Mean CPUE by month. Filled bars: February-March. Hollow bars: months
not used in analysis.
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Figure HI. 129. A. Mean seasonal (December-March) CPUE and predicted CPUE with
confidence intervals for first-time spawning striped mullet (230-275 mm) caught by
trawl. B. Mean CPUE by month. Filled bars: December to March. Hollow bars:
months not used in analysis.
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Figure III. 130. A. Mean seasonal (fall) CPUE and predicted CPUE with confidence
intervals for Age IV adult striped mullet (275-314 mm) caught by gill net. B. Mean
catch per hour gill net set duration. Data pooled from 1975-1989.
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Figure III. 131. A. Mean seasonal (fall) CPUE and predicted CPUE with confidence
intervals for Age V-h adult striped mullet (>314 mm) caught by gill net. B. Mean
catch per hour gill net set duration. Data pooled from 1975-1989.
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Figure III. 132. Mean CPUE by month for four size classes of striped mullet caught by
bag seine (_<40 mm, >40-80 mm, > 80-130 mm, > 130 mm). Data pooled from 1978-
1989.

Figure III. 133. Mean CPUE by month for four size classes of striped mullet caught by
trawl (<180 mm, 180-229 mm, 230-275 mm, >275 mm). Data pooled from 1982-
1990.
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Figure III. 134. Size frequency distribution for striped mullet caught by gill net during
fall sampling period. Data pooled from 1975-1989.

1974, Finucaine et al. 1978, DeSilva 1980). Two size classes of remaining adult mullet
were chosen for analysis: 275-314 mm, representing Age IV fish, and >314 mm,
representing mullet Age V and over (Hellier 1962, Moore 1973).

Young of the Year

Bag seine: Neither monthly nor annual trends were significant in the analysis of
deviance (Table III.56), reflecting the narrow season for striped mullet (Figure III.128B)
and no net change in CPUE from 1978 to 1990. Most of the deviance was the result
of categorical Year effects or was unexplained. Abundances of young-of-the-year mullet
were evidently strongly affected by year, but in a manner not adequately explained by
the simple models tested.

First-time Spawners

Trawl: Monthly and linear annual effects were significant, while the quadratic term was
not significant (Table III.57). The fitted annual trend had a positive slope (Figure
III. 129A). The model including Month and linear YEAR explained 19.0 percent of the
total deviance. The linear component explained 61.3 percent of the deviance ascribed
to YEAR, and 33.2 percent was not accounted for by either linear or quadratic effects
(Other). Peak catches occurred in January 1986 and December 1989 (Figure III.129B).
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Table III.56. Analysis of deviance for young-of-the-year striped
mullet (20-40 mm) caught by bag seine, February-March, 1978-1990.

Source of Variation D.F. Deviance M.D. F P

Month

YEAR

Linear

Quadratic

Other

Month x Year

Corrected error

1

1

1

10

12

207

1.

0.

0.

97.

73.

240.

15

002

39

01

17

03

1.

0.

0.

9.

6.

1.

15

002

39

70

10

16

0.99 >0.25

0.001 >0.75

0.34 >0.50

8.37 <0.001

5.26 <0.001

Table III.57. Analysis of deviance for first-time spawning striped
mullet (230-275 mm) caught by trawl, December-March, 1983-1990.

Source of Variation D.F. Deviance M.D. F P

Month 3 29.75 9.92 21.52 <0.001

YEAR

Linear trend 1 14.36 14.36 31.16 <0.001

Additional quadratic 1 1.29 1.29 2.80 >0.75

Other 5 7.77 1.55 3.37 <0.005

Month x Year 20 83.48 4.17 9.06 <0.001

Corrected error 361 166.39 0.46
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Remaining Adults Age IV

Gill net: Preliminary analysis using GLIM indicated that set duration was not significant
(Figure III.130B). Therefore CPUE was defined as catch per set.

The analysis (Table III.58) showed that all types of annual effects were significant; the
quadratic term explained 27.3 percent and the unexplained (Other) term 58.9 percent
of the deviance related to annual effects. The model including linear and quadratic
YEAR terms explained 8.7 percent of the total deviance. The fitted trend (Figure
III.130A) was negative, indicating that Age IV adults decreased in abundance. High
catches (> 1.5/set) occurred in 1975 and 1976. Since then, catch rates have been low
(_<_0.5/set) and relatively constant. When the first high-catch years (1975 and 1976)
were deleted from the data set the analysis revealed no annual trend.

Remaining Adults Age V +

Gill net: Preliminary analysis using GLIM indicated that set duration was significant
(Figure III. 13IB). Consequently CPUE was standardized as CATCH/(GTIME/14)3.

The analysis of deviance (Table III.59) showed that neither the linear nor quadratic
annual terms were significant. Annual effects that were neither linear nor quadratic were
significant and accounted for 93.9 percent of the deviance due to annual variation. No
annual model was fitted to the data (Figure III. 131 A).

Spatial Distribution

Young-of-the-year striped mullet taken by bag seine were common in small bays off of
Trinity and West Bay (Figure III. 135). First-time (Age III) spawners taken in trawls
from December to March were most abundant in Trinity and East Bay (Figure III. 136).
Age IV adults taken in gill nets in the fall were abundant along the coastline of East
Bay, the southern side of Trinity Bay, along the coastline of Upper Galveston Bay, and
at some localities in West Bay, Chocolate Bay and Christmas Bay (Figure III. 137). Age
V+ adult mullet were abundant at various localities in East Bay, southern Trinity Bay
and Upper Galveston Bay (Figure III. 138). These sporadic distributions may be related
partly to schooling behavior, and to the availability of the benthic algae and detritus
consumed by striped mullet (Odum 1968, Alexander 1983, Matlock and Garcia 1985).

Discussion

The peak in CPUE for Age III first-time spawners in 1989-90 (Figure III. 129) may be
the consequence of high recruitment of young of the year in 1987, but other peaks did
not correlate. The distinctive pattern of juvenile recruitment (Figure III. 128) did not
seem to be echoed by larger size groups, with the possible exception of first-time
spawners (Figure III. 129).
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Table III.58. Analysis of deviance for Age IV striped mullet
(275-314 mm) caught by gill net, fall season, 1975-1989.

Source of Variation D.F. Deviance M.D. F P

GTIME

YEAR

Linear

Quadratic

Other

GTIME X YEAR

Error

1 1.73 1.73 2.98 >0.05

1 7.37 7.37 12.71 <0.001

1 14.48 14.48 24.96 <0.001

12 31.25 2.60 4.49 <0.001

14 21.56 1.54 2.66 <0.001

445 258.95 0.58

Table III.59. Analysis of deviance for Age V+ striped mullet (>314
mm) caught by gill net, fall season, 1975-1989.
CPUE=CATCH/(GTIME/14)3 .

Source of Variation D.F. Deviance M.D. F P

YEAR

Linear

Quadratic

Other

Error

1 2.15 2.15 1.55 >0.10

1 0.09 0.09 0.06 >0.75

12 34.64 2.89 2.08 <0.025

472 656.67 1.39
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Figure III. 135. Distribution of young-of-the-year striped mullet (20-40 mm) caught by bag seine, February-March,
1978-1989. Circle size is proportional to mean CPUE.
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Figure III. 136. Distribution of first-time spawning striped mullet (230-275 mm) caught by trawl, December-
March, 1983-1990. Circle size is proportional to mean CPUE.
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Figure III. 137. Distribution of Age IV adult striped mullet (275-314 mm) caught by gill net, fall, 1975-1989.
Circle size is proportional to mean catch per sample.



Figure III.138. Distribution of Age V-f adult striped mullet (>314 mm) caught by gill net, fall, 1975-1989.
Circle size is proportional to mean catch per sample.
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Age IV mullet taken in gill net exhibited a drop in abundance after 1975 and 1976
(Figure III. 130) that could be partly due to increasing fishing pressure. Mullet are
exploited for bait for the blue crab fishery, though these removals are difficult to monitor
(C.E. Bryan, personal communication 1991). They have also been harvested for their
roe in recent years. The reported commercial landings in Galveston Bay increased from
1,946 pounds in 1978 to 108,024 pounds in 1989 (Johns 1990). However, an analogous
decreasing trend was not evident for Age V+ mullet (Figure III. 131).

It is also possible that the CPUE values for Age IV mullet taken in the fall gill net
surveys in 1975 and 1976 are biased. Less sampling effort was expended during the fall
sampling period in these earlier years (< 10 sets) than in later years (45). When 1975
and 1976 were omitted from the analysis, the YEAR terms were not significant,
analogous to the lack of annual trend found for Age V+ mullet from 1975 to 1989.
Further research on striped mullet is needed to determine the factors influencing changes
in abundance.

GENERAL DISCUSSION

Status of the Fishery

A comparison of the commercial landings of 1893 (Collins and Smith 1893), the CF
monitoring data (Appendix III.2), the trend analyses presented in this study, other
monitoring data sets (Appendix III.l), and current commercial finfish and shellfish
landings (Johns 1990), showed that the Galveston estuarine community is still a very
viable ecosystem. All species named in Collins' and Smith's 1893 report were still
present (although recent catches of striped bass were probably the result of stocking
programs rather than an original population). Data from the independent monitoring
program showed that there was a wide assortment of prey animals present and that the
estuary still supported top-level consumers (sharks, dolphins, and humans).

Of the fourteen different species that were analyzed, only trends for blue crab and white
shrimp showed distinct chronic problems. Blue crab young of the year increased but
there was a strong decreasing trend for juveniles and first-time spawners, the life stage
most valuable for reproduction (Elseth and Baumgardner 1981; Figures III.1-III.5).
Adult crabs (>140 mm TW) also decreased in the later years of the analysis period
(Figure III.6). The decrease in large crabs in recent years may be a response to the
dramatic increase in landings apparent since 1981 (Appendix III.3, Figure III.3.5). For
white shrimp, a strong linear decrease was evident throughout the last ten-year period
for juveniles and first-time spawners (Figure III.35-III.37). These decreases may be the
result of overharvesting, loss of habitat, sublethal contamination by a chemical, or a
combination of these. These three species are declining, and if there is no change in
current population parameters, they may continue to decline.
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Only one life stage for grass shrimp (adults) was available for analysis and it showed a
strong non-linear decrease with a recent increase (Figure III.27). This species is food
for many juvenile fish, and should it decline, it could cause a major break in the food
chain. Unfortunately, increasing the sample size with sampling gear now in use will not
catch smaller grass shrimp. A more comprehensive investigation in the future would
require the use of different sampling gear with a finer mesh.

Bay anchovy trends were a paradox. All the analyses using bag seine data showed
decreasing trends for juveniles, first-time spawners, and adults (Figure III.55-III.57),
whereas all analyses for these same life stages in trawl data showed an increase (Figures
III.58-III.50). These differences could be caused by the differing time periods, seasons,
or habitats examined, or may be a real response to change in the environment. Bag
seine CPUE in hectares and trawl CPUE in time units prohibited a direct comparison;
however, bag seines were used in shallow areas along the shore and trawls were used
in deeper waters offshore, and the contrast in trends gives the impression that the
decreases along the shore were the effect of the fish moving to offshore areas. Because
the deeper offshore area is larger than the shallow shoreline area (Matlock and Osborn,
1982), one conclusion is that there may actually have been a net increase in abundance.

All other species investigated showed different life stages to be a mixture of trends,
including no trend at all (e.g. brown shrimp, southern flounder). For species which
have high fecundity and live in an unstable environment, it is natural for the abundances
of different age classes to be highly variable and for different trends to be exhibited
simultaneously (Elseth and Baumgardner 1981). Fish populations can be dominated by
one or two age classes coming from highly successful spawns and subsequent excellent
survival (Beverton and Holt 1957), so that a downward trend in later life stages as
members of this group die off, should not be alarming when different trends are found
in the other life stages. Obviously, sustained declines in young of the year and first-
time spawners should attract attention, especially if they occur simultaneously.

A hypothesis exists among local resource managers (TPWD, NMFS, and USFWS) that
many fish and shellfish populations already were in a state of reduced abundance and that
analyses of recent data (after 1960) would not reveal meaningful trends. Unfortunately,
the only data sets available to compare for a longer time period were commercial
landings, and this could only be done using non-rigorous assumptions because the
validity of self reporting, amount of effort, location of catch, and current market
conditions were not always available (Higgins and Lord 1926; Lahr et al. 1987). The
most robust comparison (requiring the fewest or least stringent assumptions) that could
be made with these data was that if there has always been a demand for a species and
it was legal to harvest, then at least presence or absence could be determined. Any
higher-level comparisons would require more complex models and a greater number of
assumptions, increasing the probability of arriving at the wrong conclusion.

As an example, commercial landings reported from the Galveston Estuary during 1989
(7,148,411 Ib) were double the amount reported during 1890 (3,435,800 Ib; Table
III.60). Based on this comparison it would appear there has been a significant decline
in finfish landings (1,485,810 Ib during 1890 and 221,104 Ib during 1989) and in oyster
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Table III.60. Commercial landings (X1000 Ib) reported from the
Galveston Estuary during 1890 and 1989.

Species Total
1890 1989

Red drum
Black drum
Flounder
Mullet
Sheepshead
Striped bass
Trout
Other fish

404.2
4.0
46.0
39.3
17.0
5.0

427.4
542.9

0
21.8
14.6
108.0
16.2

0
0

60.5

Total fish 1,485.8 221.1

Oysters 1,647.1 705.5
Crabs 162.5 2,149.5
Shrimp 138.0 4,056.1
Terrapins 2.4 0
Other shellfish 0 13.4

Total 3,435.8 7,145.6

landings (1,647,100 in 1890 and 705,490 Ib in 1989), and an increase in shrimp landings
(138,000 and 4,056,132 Ib, respectively).

Do these differences represent changes in abundance? Probably not. During 1988-89,
recreational finfish landings from the Galveston estuary were approximately 1,100,000
Ib (Appendix 3, Figure III.3.21), and in 1981 the retention and sale of red drum and
spotted seatrout was made illegal. Red drum and spotted seatrout accounted for about
half of the commercial landings in 1890 and in 1979. Recreational landings for 1890
were not available but they were probably insignificant (based on total human population,
its distribution, and the availability of transportation). Therefore it would seem that for
finfish, a large part of the apparent differences in landings between the 1890s and the
1990s can be explained as a shift from one user group to another.

The apparent decline in oyster landings is not substantiated given that reported landings
have been below 1,600,000 Ib only eight times during the period 1972 through 1989, and
have been as high as 6,900,000 Ib (1983). Stevenson (1893) states that oyster fishermen
did not use all the reef that was available to support their harvest. Apparently they did
not need to travel to distant out-of-the-way reefs to support the demand. Today all reef
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areas are used to support the oyster harvest, including reefs in closed areas (oysters in
closed areas are moved to leased areas to depurate and are then harvested and sold).

The comparison of shrimp landings would infer that shrimp have become 10 to 30 times
more abundant than they were in 1889 or 1890, when in fact, changes in harvest
technique, effort, and methodology has caused the major increase in landings (Cody et
al. 1989).

One piece of evidence supporting the hypothesis that some fish stocks were in a state of
reduced abundance is provided by trends in red drum and spotted seatrout. These
species showed increasing trends for first-time spawners and remaining adults (Figures
III.95, III.96, III. 121, III. 122) after regulations restricting their harvest were passed.
The increases occurred in spite of three major freezes and a red tide outbreak in the area
during the analysis period. Regulations that were recently passed to reduce the mortality
of juvenile red drum and spotted seatrout included: the prohibition of commercial sale
since 1981, the banning of all nets in 1988, and the implementation of minimum and
maximum sizes and daily bag and possession limits for recreational fishermen in 1982.

During the last 100 years the total landings from the Galveston Estuary have doubled,
consisting mostly of shrimp and crabs, while it appears total landings for other species
have remained essentially unchanged (with the exception of decreased landings for
striped bass and grouper). However, since 1890, the commercial landings coming from
bays and Gulf waters off the Texas Coast have increased over 2000 percent. Total state-
wide inshore and offshore landings were 7,959,400 Ib in 1890, and 185,274,000 Ib in
1989. Over 90 percent of the weight in these landings are from species that depend on
estuaries for part of their lives and are commonly found in the Galveston Estuary. This
includes brown and white shrimp (63,000,000 Ib), Gulf menhaden (95,000,000 Ib taken
off Galveston but landed in other Gulf states), blue crab (9,200,000 Ib), oysters
(2,000,000 Ib), and finfish (black drum, southern flounder, sand seatrout, sheepshead and
mullet, totalling approximately 1,000,000 Ib).

Although analyses of recent data sets indicate that the Galveston Estuary has a basically
healthy estuarine community, there is evidence that there has been some degradation
during the past 100 years. Striped bass are listed in commercial landings during 1880,
1889, 1890, and 1926 but disappear thereafter and current independent sampling does
not show them to be sufficiently abundant to support a commercial or recreational
fishery. The disappearance of the green turtle and diamondback terrapin fishery (Collins
and Smith 1891; Stevenson 1893) and current independent sampling indicates that turtles
and terrapins have declined in abundance. Seagrasses and emergent marsh, important
feeding and habitat areas for many juvenile finfish and shellfish (Subrahmanyam and
Drake 1975), have been declining during the past 40 years because of subsidence or sea-
level rise (Zimmerman et al. 1990) and the frequent occurrence of prolonged high
turbidity (Pulich and White 1989). Comparisons of old maps of the Texas coast archived
in the General Land Office with recent maps and recent reports indicate an extensive
loss of intertidal oyster reef within the Galveston Estuary (Quast et al. 1988). Although
oyster landings have not significantly declined during the last 100 years, the amount of
reef and the habitat that it provided to other animals has probably declined.
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It is interesting to note that four of the analyses done for young of the year caught by
bag seine revealed a quadratic trend indicating an initial increase in abundance and then
a decrease (Figures III.46, III.86, III.94, III. 102). Most of these indicate a maximum
during 1983, making 1983 and possibly years immediately before and immediately after
worthy of further investigation.

Another phenomenon revealed by the analyses is that 8 of the 17 bag seine analyses
showed decreasing trends and 8 of the 17 trawl analyses showed increasing trends,
giving some credence to a hypothesis that some species may be using less of the
shoreline habitat. These differences were usually not paired for the same species because
many times the same life stage was not represented by data from both gear types. Bay
anchovy was an obvious exception and accounted for three of the eight analyses in each
gear type (Figures III.55-III.60).

It is also interesting that young of the year, in general, were fairly abundant in Christmas
Bay, Bastrop and Chocolate Bays, and East and West Bay. These areas have extensive
emergent marsh habitat (White et al. 1985) and probably correlate with high catches for
some species. While the geographic distributions presented in this study were not
specifically correlated with trends, they will be valuable in studies to examine probable
causes for trends.

Finfish landings over the last hundred years have not substantially changed. This is not
difficult to understand given that humans are in direct competition for many of the same
species that other estuarine animals use as food (i.e. shrimp, oysters, menhaden, and
crabs), and the general reduction in emergent marsh, seagrass meadows, and oyster reef
in the Galveston Estuary during the past 50-60 years. It is surprising to find most of the
populations have done so well. The data testify to the resilience of most species, that
evolved to withstand drastic natural changes in estuarine environments.

Analytical Problems

The main analytical problem encountered during the analysis of the status and trends of
estuarine organisms was that there were no truly long-term data that had been collected
in a comparable manner. The best data sets for determining present abundance and
examining changes over a period of at least five years were those used in this report (the
Texas Parks and Wildlife Coastal Fisheries monitoring program, which sampled
randomly selected sites with gill nets, otter trawls, bag seines, and oyster dredges, and
the TPWD/NMFS data set collected during the 1960s and early 1970s with otter trawls
at fixed stations).

Commercial harvest data certainly had the longest history, from 1880 to the present
(Collins and Smith 1891, Stevenson 1893, Higgins and Lord 1926, Johns 1990).
Unfortunately, the self-reporting techniques, the absence of effort data, the inability to
quantify the effects that different regulations had on landings, and the inability to isolate
where fish were actually caught (i.e. were they caught in the estuary in which they were
landed?) rendered commercial data nearly useless in interpreting the results in a
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statistically rigorous way and relating the results to abundance (Higgins and Lord 1926,
Lahr et al. 1987). However, these old commercial landings reports were valuable for
evaluating estuarine community composition. Collins and Smith's (1893) report on
commercial landings was very complete and it was invaluable in that it listed many
commercially landed species by scientific names. At least a valid comparison of
presence or absence for many species could be attempted.

There were biological and technical problems which complicated or impeded the
analyses. Most of the animals in an estuary had a seasonal presence and although the
season was fairly consistent, the months of highest and lowest mean catch rates did not
correspond exactly from year to year. This was routinely observed in the analyses in
that a large amount of the variation was associated with month to month differences and
month by year interactions. Catch rate distributions were not normal and required
special computer programs that would allow for Poisson, negative binomial or Gamma
distributions in the analysis.

Maps of catch rates showed few species are distributed regularly throughout the estuary
and some species have a strong geographic bias (e.g. blue crab, white shrimp, pinfish).
Some of the year-to-year variation may be the result of randomly selected sample sites
in a given month falling in or out of favored habitat areas. Also, the favored habitat
area may change from year to year depending on freshwater inflows, drought, or
freezes. Note that for bay anchovy, different gear types showed different trends (Figures
III.55-III.60), associated with a change of position within the estuary. It was not
possible to rigorously stratify the data spatially for this study, but the distribution
patterns from maps presented here may make it possible to stratify data for future
studies.

Monthly sample sizes were small during the earlier years of data collection. Small
sample sizes resulted in less precise estimates of statistical parameters such as CPUE and
could only detect very large differences in abundance. Small sample sizes also made it
possible that in a given month all the samples may have been taken from an area having
high or low abundance for a particular species, giving the false impression that a change
in abundance occurred. Fortunately, sample sizes have been increased in recent years
and more precise estimates are now possible.

The period of record available from the CF monitoring program was too short to
evaluate natural cycles with a period greater than two or three years. Data from some
species such as white shrimp and striped mullet (Figures III.35, III. 128, 111.129)
indicate there may be cycles in abundance and these data should be reexamined when
more years are available.

Some panels of a given mesh size in gill net samples did not have length measurements
for any fish for some species. Analysis of the data required assumptions that the fish
caught adhered to the same pattern as other fish of the same species caught in the same
panel at other times. This unfortunate omission was caused by instructions in the TPWD
field manual requiring only the first 19 specimens of a given species captured within a
week to be measured. This practice results in a larger proportion of large fish caught
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in the largest meshes to be measured than the more numerous small fish. Consequently,
when data from each of the mesh sizes were merged, the data were biased towards larger
fish unless they were reapportioned or removed. There is nothing inherently wrong with
subsampling provided it is done randomly and within a sample.

Recommendations

The TPWD should continue to improve the Coastal Fisheries Monitoring Program. If
it were not for this program, it would not have been possible to do any definitive
evaluation of the current status and recent trends of finfish and shellfish in the Galveston
Estuary. This program provides excellent data on the abundance and distribution of
estuarine aquatic animals. It could be improved by increasing the sample sizes for all
gear types, stratifying gill net and bag seine samples within a month in the same manner
as trawl samples (i.e. require one half of the samples to come from an area north of an
imaginary line between Smith Point and a point northwest of Point Bolivar), add a panel
to the gill nets to catch fish that are not currently caught by bag seine or 3-inch stretch
gill nets, ensure that some minimum number of fish caught in each gill net panel are
measured from each sample, develop a way to sample the open water pelagic area of the
estuary (i.e. fish trawl or small purse seine), and (finally but not least) increase the
ability to analyze data from programs like this and provide timely updated reports.

Perform more analyses to determine causes for the changes in abundance. Update trend
analyses on these species and others (sheepshead, gizzard shad, spot, hardhead catfish,
etc.) to detect chronic declines should they occur. Develop ways to relate events causing
year to year variation to monitoring data so that causes can be more accurately
determined. Develop ways to improve the statistical reliability, area covered, and
increase the numbers and size ranges of species caught in future monitoring programs
without losing continuity with the existing monitoring program.

Appropriate agencies (i.e., TPWD, NMFS, etc.) should continue to develop management
plans and enact harvesting regulations designed to protect and rehabilitate species living
in and adjacent to the Galveston Estuary. These agencies should protect existing
emergent marsh and remnant seagrass beds from any further loss to development,
because many species use these types of habitat. Studies should be initiated to
substantiate reasons for the causes of seagrass loss within the Galveston Estuary and
develop ways to restore this valuable habitat type where favorable conditions exist.
Some upland areas that have the correct slope and other favorable characteristics that
might evolve into emergent marsh should subsidence and sea-level rise continue should
be protected in order to replace drowned marsh. Oyster fishermen should be required
to return shell to reefs from which they harvest to provide substrate for spat and habitat
for other animals (Zimmerman et al. 1989).
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APPENDIX III.l. FISHERY DATA SETS NOT USED FOR ANALYSIS

Sean Spanyers

In addition to using the current TPWD-Coastal Fisheries monitoring data and the
historical data from TPWD/NMFS to evaluate the status and trends of selected species
in the Galveston Estuary area, several other datasets were evaluated for possible
inclusion in this report. Sources for the datasets were NOAA/NMFS, annual project
reports from TPWD-Coastal Fisheries, and summaries provided by the Galveston Bay
National Estuary Program Data Inventory Project.

The criteria used to evaluate each dataset included: (1) wide geographical coverage of
the Galveston Estuary, (2) a data collection period of five years or longer, (3) periodic
collection of data, i.e. monthly or seasonally, and (4) data were relevant to the analysis
of trends in the species studied in this report.

For the most part, the datasets that were found unacceptable were restricted either
geographically, in the time period covered, or both. Most data were collected over a
period of days or a few months. Others collected data from small areas of the bay
system. Also, some datasets either did not examine the species studied in this report or
did not include population abundance figures, which excluded them from being
considered for the analysis of population trends. The list below describes the datasets
considered and the reasons they were not appropriate for analysis.

Abbreviations
A & M
A & M / Galv.
HSC
NMFS
NOAA
NOS
TPWD
USFWS
UT
UTMSI

Texas A&M University
Texas A&M University at Galveston
Houston Ship Channel
National Marine Fisheries Service
National Oceanic and Atmospheric Administration
National Ocean Service
Texas Parks and Wildlife Department
United States Fish and Wildlife Service
University of Texas
University of Texas Marine Science Institute

(1) A & M ; organism collection; Upper Galveston Bay, Dickinson Bay; 1974-75.
Time and geographically restrictive.

(2) A&M (Stickney and Williamson 1979); photos of small animal activity; Bolivar
Peninsula; 1976-78. Time and geographically restrictive, without abundance data.

(3) A&M (Tanner 1979); culm density and biomass samples; Bolivar Peninsula 1976-
78. Time and geographically restrictive.
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(4) A & M (Webb et al. 1981); Spartina data on Bolivar Peninsula and Bolivar Roads;
1977-78. Time and geographically restrictive, not likely to contain data on species of
direct interest.

(5) A & M; water quality, Fundulus grandis data; Trinity Bay; 1980. Time and
geographically restrictive, does not contain natural abundance data.

(6) A & M (Craig and Bright 1986); clam populations and measurements, water quality;
Christmas Bay; 1982-85. Time and geographically restrictive.

(7) A & M (Dixon 1974); silverside stomach contents; Trinity and Tabbs Bays; 1969-
71. Time and geographically restrictive, does not include data on species of direct
interest.

(8) A & M (Gallaway and Strawn 1974, 1975); water quality, fish and crustacean
samples; Upper Galveston Bay; 1969. Time and geographically restrictive.

(9) A & M (MeAden 1977); water quality; fish, invertebrate, plankton samples; Upper
Galveston Bay, Dickinson Bay; 1974-75. Time and geographically restrictive.

(10) A & M (Matlock 1972); species collection, water quality; Cedar Bayou, Trinity
and Tabbs Bays; 1970-71. Time and geographically restrictive.

(11) A & M (Williams 1972); water quality, bottom sampling; Trinity Bay, Cedar
Bayou; 1969-70. Time and geographically restrictive.

(12) A & M / Dept. of Biology; clam tissue study, water quality; Trinity Bay; 1970-
71. Time and geographically restrictive.

(13) A & M / Dept. of Biology; presence of benthic algae; Galveston Island; 1972-73.
Time and geographically restrictive, not likely to include natural abundance data.

(14) A & M / Dept. of Marine Biology; soil quality and Spartina data; Bolivar Peninsula
and West Bay; 1978. Time and geographically restrictive, not likely to contain data on
species of direct interest.

(15) A & M / Dept. of Wildlife Management; water quality, grass shrimp data;
Galveston Bay periphery; 1963-64. Time restrictive.

(16) A & M / Galv. (Minello and Matthews 1981); zooplankton samples and
hydrography; West Bay; 13-15 April 1976. Time and geographically restrictive.

(17) A & M / Galv. (Alexander 1983); fish stomach contents; West Bay; 1981. Time
and geographically restrictive, does not contain data on natural abundance.

(18) A & M / Galv.; clam parasite extraction; Lower Galveston Bay; (time n/a).
Geographically restrictive, not likely to contain data on natural abundance.
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(19) A & M / Texas Agricultural Extension Service (Parker, 1970); shrimp counts and
measurements, salinity; Galveston Bay; 1963-64. Time restrictive.

(20) Bureau of Commercial Fisheries (Chin 1961); water quality, fish and invertebrate
samples; Clear Lake; 1958-59. Time and geographically restrictive.

(21) Copeland-Bechtel Galveston Bay Project; water quality, fish collection and
measurement; Galveston Bay; 1969. Time restrictive.

(22) Copeland-Fruh Galveston Bay Project; nekton, plankton, and benthos samples;
Galveston Bay; 1969. Time restrictive.

(23) Houston Lighting & Power, A & M, Southwest Research Institute; hydrography
and ecology; Trinity Bay and Cedar Bayou (time n/a). Geographically restrictive.

(24) Humble Oil & Refining (Exxon); water and sediment quality, fish and invertebrate
counts; HSC; 1958. Time and geographically restrictive.

(25) Philadelphia Academy of Natural Sciences (Hohn 1959); diatom counts and benthos
samples; HSC, Upper Galveston Bay, Chocolate and Mustang Bayous; 1954. Time and
geographically restrictive.

(26) NMFS; water quality and shrimp data; Dollar Bay; 1973. Time and geographically
restrictive.

(27) NMFS (Zimmerman et al. 1990); water quality, fauna count and speciation; West
and Christmas Bays, Moses Lake, Trinity Bay; 1987. Time restrictive.

(28) NMFS (Zimmerman 1981); fauna counts and samples; West Bay; 1988, 1989.
Time and geographically restrictive.

(29) NO A A / NMFS; total catch and mean length for brown shrimp; Galveston Bay
System; 1963-1967. Inconsistency in frequency and location of sampling, marginal
length of data collection.

(30) NO A A / NOS; sediment quality and fish tissue analysis; Galveston Bay; 1984-
present. Not likely to contain data on natural abundance.

(31) Texas Game and Fish Commission; water quality, benthos and plankton surveys;
East Bay and Gulf; 1954-55. Time and geographically restrictive.

(32) TPWD; sand seatrout data; Trinity, Galveston, East, West, Chocolate, and
Christmas Bays; 1966-68. Time restrictive, does not include natural abundance data.

(33) TPWD; water quality, chlorophyll a; Dickinson Bayou; 1972. Time and
geographically restrictive.
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(34) TPWD; fish tag and return; Texas coast with release from Galveston Bay; 1975-
78. Time and geographically restrictive, does not contain data on natural abundance.

(35) TPWD (Baker et al. 1986); fish tag and recapture; Bastrop Bayou, West and
Christmas Bays, and San Luis Pass; 1976-81. Geographically restrictive, not likely to
contain data on natural abundance.

(36) TPWD Coastal Fisheries; annual population and catch data for brown shrimp, white
shrimp, and blue crab; Galveston Bay System; 1961-74 (Blue crab 1962-66).
Inconsistency in sampling procedures, sampling periods, and locations. Marginal length
of study for crab.

(37) Texas Water Commission (previously Texas Water Quality Board); water and
sediment quality, benthos and plankton species and numbers; Chocolate Bayou, 1983.
Time and geographically restrictive.

(38) U.S. Commission of Fish and Fisheries (Stevenson 1893); methods and economics
of fisheries; Galveston Bay; c.1890. Time restrictive.

(39) U.S. Corps of Engineers; water quality, samples of various species; Trinity delta
marsh; 1975-76. Time and geographically restrictive.

(40) U. S. National Museum (Jordan and Gilbert 1882); fish descriptions; Galveston
Bay; late 1800s. No quantitative data present.

(41) USFWS and Rice U.; vegetation and dominant species surveys; Chambers county,
c.l975. Time and geographically restrictive.

(42) UT (Dykstra et al. 1972); algal speciation; Galveston shorefront; 1972. Time and
geographically restrictive.

(43) UT Medical Branch, Galveston (Connell and Cross 1950); plankton, red tide;
Offatts Bayou, West Bay; 1949. Time and geographically restrictive.

(44) UTMSI (Whitten et al. 1950); faunal observations; North and South jetties; 1938-
40,46-47. Time and geographically restrictive, not likely to contain data on species of
direct interest.

(45) UTMSI (Odum et al. 1963); water quality, zooplankton counts; Upper and Lower
Galveston Bay, West Bay, HSC; 1961-62. Time restrictive.

(46) UTMSI (Wilson 1963); total organic carbon; Upper Galveston Bay; 1962. Time
and geographically restrictive, does not contain population data.

(47) UTMSI; benthos speciation and counting; Galveston Bay; 1971-72. Time
restrictive.
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Appendix III.2. Organisms caught in the Galveston Estuary by Gill Net (1), Trawl (2), Bag Seine (3) and Oyster dredge (4).
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Appendix III.2. (continued) Organisms caught in the Galveston Estuary by Gill Net (1), Trawl (2), Bag Seine (3) and Oyster dredge (4).
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Scientific Name
Mean

Common Name
, standard error and sample size

Gillnet

Chasmodes bosquianus
Chilomycterus schoepf i
Chloroscombrus chrysurus
Cithar ichthys spilopterus
Class Ascidiacea
Class Holothuroidae
Class Ophiuroidae
Class Polychaeta
Clibanarius vittatus
Crassostrea virginica
Ctenopharyngodon idella
Cyclinella tenuis
Cynoscion arenarius
Cynoscion nebulosus
Cynoscion nothus
Cyprinodon variegatus
Cyprinus carpio
Cyrtopleura costata
Dac.tylometra quinquecirrha
Dasyatis americana
Dasyatis sabina
Diplectrum formosum
Dorosoma cepedianum
Dorosoma petenense
Dosinia discus
Elopssaurus
Etropus crossotus
Eucinostomus argenteus
Eucinostomus gula
Eucinostomus lefroyi
Eurypanopeus depressus
Family Atherinidae
Family Carangidae
Family Centrarchidae
Family Clupeidae
Family Cyprinidae
Family Gobiidae
Family Lobotidae

Striped blenny
Striped burrfish
Atlantic bumper 0.0
Bay whiff
Class/sess tune
Class sea cucumber .
Class brittle star .
Polychaete worms
Striped hermit cb 0.0
Eastern oyster 0.1
Grass carp 0.0
Atlantic eye
Sand seatrout 0.5
Spotted seatrout 4.6
Silver seatrout 0.0
Sheepshead minnow .
Common carp 0.0
Angle wing
Stinging nettle 0.5
Southern stingray .
Atlantic stingray 0.0
Sand perch
Gizzard shad 10.6
Threadfin shad 0.0
Disk dosinia
Lady fish 0.1
Fringed flounder
Spotfin mojarra
Silver jenny
Mottled mojarra
Flat mud crab
Family silvers ides
Family jacks
Family sunfishes
Family herrings
Family min/carps
Family gobies
Family tripletails .

.

.
0.0
.
.
.
.
.
0.0
0.0
0.1

0.1
0.2
0.0
.
0.0
.
0.3
.
0.0
.
0.5
0.0
.
0.0
.
.
.

.

.

.

.

.

.

.
945
.
.
.
.
.

945
945
945

945
945
945
.

945
.

945
.

945
.

945
945
.

945
.
.
.

.

a

.

.

.

Trawl

0.0
0.0
0.3
0.6
0.0
0.0
0.0
.

1.5
1.3

m

1.0
0.0
0.0
0.0
0.0
.

14.0
0.0
0.1
0.0
0.0
0.1
0.0
0.0
0.7
0.0
0.0

0.0

.

.

.

.

0.0 2008
0.0 2008
0.1 2008
0.1 2008
0.0 2008
0.1 2008
0.0 2008
.
0.2 2008
0.3 2008

m m

0.1 2008
0.0 2008
0.0 2008
0.0 2008
0.0 2008

.
2.0 2008
0.0 2008
0.0 2008
0.0 2008
0.0 2008
0.0 2008
0.0 2008
0.0 2008
0.1 2008
0.0 2008
0.0 2008

0.0 2008

. .

.

.

. .

Bagseine

.

.
0.0
0.6
.
.
.
.
0.2
0.3

.
1.0
0.6
0.0
9.6
.
0.0
0.1
.

0.1
.
0.0
0.0
.

0.0
0.0
0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

.

.
0.0
0.1
.

.

.

.
0.0
0.1

.

0.1
0.1
0.1
2.8
.
0.0
0.0
.
0.0
.
0.0
0.0
.

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

.

.
1085
1085
.
.

.

.
1085
1085

.
1085
1085
1085
1085
.

1085
1085
.

1085
.

1085
1085

.
1085
1085
1085
1085
1085
1085
1085
1085
1085
1085
1085
1085
1085

Percent of samples

Oyster Gill Trawl Bag
dredge net seine

. .

.
.

.

. .

. . .

.
0.0 0.0 2797
0.0 0.0 2797
55.1 1.2 2797

0.0 0.0 2797
.
. .
. . .
.
. .

.
0.0 0.1 2797
.

.
.
.
.
. . .
. . .

.
. .
. . .

0.2 0.0 2797

. . .

.

. .

.

. 0.05 .

. 0.35 .
0.21 5.93 0.65
. 17.2 13.1
. 0.15 .
. 0.05 .
. 0.10 .
.
1.27 16.7 6.27
1.48 7.02 5.90
0.11 .

21.9 30.3 20.1
74.9 2.39 12.7
0.32 1.69 0.09
. 0.05 22.1

1.48 0.05 .
. 0.09

0.85 13.6 0.83
. 0.20 .

3.17 4.83 5.81
. 0.10 .
74.9 2.29 1.47
0.21 7.17 1.20
. 0.05 .
5.82 0.10 2.40
. 16.1 0.65
. 0.05 2.67
. 0.25 3.87

0.09
. 0.15 0.09

0.09
0.18

. 0.09

. 0.09

. 0.09
0.18

. 0.09

Oyster
dredge

.

.

.

.

.

.

.
0.07
0.61
97.2

0.04
.
.
•
.
.
.
0.04
.
.
.
.
.
. .
.
.
.
.
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.

.

.
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Appendix III.2. (continued) Organisms caught in the Galveston Estuary by Gill Net (1), Trawl (2), Bag Seine (3) and Oyster dredge (4),

Scientific Name
Mean, standard error and sample size

Common Name
Percent of samples
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Gillnet

Family Penaeidae
Family Pomacentridae
Family Portunidae
Family Scombridae
Family Syngnathidae
Family Xanthidae
Fundulus grandis
Fundulus pulvereus
Fundulus similis
Gerres cinereus
Gobiesox strumosus
Gobi o ides broussoneti
Gobionellus boleosoma
Gobionellus hastatus
Gobiosoma bosci
Gobiosoma robustum
Goni oplectrus hispanus
Gunterichthys longipenis
Gymnachirus texae
Harengula jaguana
Hemicaranx amblyrhynchus
Hepatus epheliticus
Hexapanopeus angustrifrons
Hypleurochilus geminatus
Hypsoblennius ionthas
Ictalurus furcatus
Ictalurus natal is
Ictalurus punctatus
Ischadium recurvum
Laevicardiurn mortoni
Lagodon rhomboides
Larimus fasciatus
Leiostomus xanthurus
Lepisosteus oculatus
Lepisosteus osseus
Lepisosteus platostomus
Lepisosteus spatula
Lepomis gulosus

Trawl Bagseine Oyster Gill Trawl Bay Oyster
dredge net seine dredge

Family penaeid shr . . . . .
Family damselfish 0.0 0.0 945
Family portunid cr .
Family mackerels
Family pipefishes
Family mud crabs
Gulf killifish
Bayou killifish

.

.
0.0
.
.

.

.
0.1
.

.

.

.
945
.
.

. .
0.0 0.1
. .

.
0.0 0.0
0.0 0.0
.

.
2008
.
.

2008
2008
.

Longnose killifish
Yellowfin mojarra
Skilletfish
Violet goby
Darter goby
Sharptail goby
Naked goby
Code goby
Spanish flag
Gold brotula
Fringed sole
Scaled sardine
Blunt nose jack
Calico crab
Narrow mud crab
Crested blenny
Freckled blenny
Blue catfish
Yellow bullhead
Channel catfish
Hooked mussel
Morton's egg cock
Pinfish
Banded drum
Spot
Spotted gar
Longnose gar
Shortnose gar
Alligator gar
Uarmouth

.

.

.

.

.

.

.

.

.

.
0.0
.
.
.
.
.

0.1
0.0
0.0
0.1
.

0.1
.

1.3
0.2
0.0
0.0
0.7
0.0

.

.

.

.

.

.

.

.

.

.

0.0
.
.
.
.
.
0.0
0.0
0.0
2.6
.
0.0
.

0.1
0.0
0.0
0.0
0.1
0.0

.

.

.

.

.

.

.

.

.

.
945
.
.
.
.
.

945
945
945
945
.

945
.

945
945
945
945
945
945

. .

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

.

0.0 0.0
0.0 0.3
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.1
0.0 0.0
0.0 0.0
0.1 0.0
. .

. .

0.0 0.0
. .

0.2 0.0
0.0 0.0
3.8 0.6
.
.

. .

.

.
2008
2008
2008
2008
2008
.

2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
.
.

2008
.

2008
2008
2008
.
.

.

.

0.0
.

.
0.0
0.0
0.0
2.8
0.0
2.6
0.0
0.0
0.0
0.0
0.0
0.1
0.0
.
.
.
0.4
0.0
.
0.0
.
.
.
.

.
0.0
0.0
4.9
.
8.6
0.0
0.0

0.0
.

0.1
.

.
0.0
0.0
0.0
0.6
0.0
0.5
0.1
0.0
0.0
0.0
0.0
0.0
0.0
.
.
.

0.4
0.0
.
0.0
.
.
.

.

.

0.1
0.0
0.7
.

0.9
0.0
0.0

0.0
.

1085
. 0.0 0.0 2797
.

1085 . .
1085
1085 0.3 0.0 2797
1085 . .
1085 . .
1085 . .
1085 . .
1085 0.0 0.0 2797
1085 . .
1085
1085 . .
1085 0.0 0.0 2797
1085
.
.

. .
1085
1085
.

1085
.
.

.
. . .

.
1085 . .
1085
1085 . .
. . . .

1085
1085 . .
1085

1085
.

. 0.09
0.21 .
. 0.05 .

. 0.09

. 0.09
0.11 0.85 0.09
. 0.05 22.1

. 0.28

. 23.2

. 0.09
. 1.00 1.94
. 0.05 0.09
. 0.05 1.47
. 0.10 0.46
. 0.15 3.50

. 0.09
. 0.05 .
. 0.05 .
. 0.05 .
0.32 0.15 0.83
. 1.49 0.55
. 0.10 .
. 0.05 0.09
. 0.15 .
. 0.05 .

3.17 2.19 .
0.42 .
0.21 .
0.11 0.10 0.09

. 0.09
3.28 9.46 27
. 0.60 .

31.5 40.4 40.8
6.24 . 0.18
0.42 . 0.09
0.32 .
28.4 . 0.28
0.11 .

.
0.04
.
.
.

11.9
.
.
.
.
0.64
.
.
.

1.32
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
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Appendix 111.2. (continued) Organisms caught in the Galveston Estuary by Gill Net (1), Trawl (2), Bag Seine (3) and Oyster dredge (4).
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Scientific Name

Libinia dubia
Libinia emarginata
Littorina irrorata
Lobotes surinamensis
Loligo brevis
Lolliguncula brevis
Lucania parva
Lutjanus apodus
Lutjanus griseus
Lutjanus synagris
Macrobrachium ohione
Malaclemys terrapin
Megalops atlanticus
Membras martinice
Menidia beryllina
Menippe mercenaria
Menticirrhus americanus
Menticirrhus littoralis
Mercenaria campechiensis
Micropogonias undulatus
Mnemiopsis mccradyi
Monacanthus hispidus
Monacanthus setifer
Morone chrysops
Morone mississippiensis
Morone saxatilis
Mugil cephalus
Mugil curema
Mulinia lateral is
Murex fluvescens
Mustelus canis
Myrophis punctatus
Negaprion brevirostris
Nemopsis bachei
Neopanope texana
Ogcocephalus radiatus
Oligoplites saurus
Ophichthus gomesi

Common Name

Spider crab
Spider crab
Marsh periwinkle
Tripletail
Squid
Brief squid
Rainwater killifsh
Schoolmaster
Gray snapper
Lane snapper
River shrimp
Diamondback terr
Tarpon
Rough silverside
Inland silverside
Stone crab
Southern kingfish
Gulf kingfish
Southern quahog
Atlantic croaker
Phosphorus jelly
Planehead filefish
Pygmy filefish
White bass
Yellow bass
Striped bass
Striped mullet
White mullet
Dwarf surf clam
Giant eastern murex
Smooth dogfish
Speckled worm eel
Lemon shark
Hydromedusa
Xanthid crab
Polka-dot batfish
Leather jacket
Shrimp eel

Mean, standard error and

Gillnet

.

0.1 0.0 945

. . .

.
0.0 0.0 945
0.0 0.0 945
0.0 0.0 945
.
.

0.1 0.0 945
0.0 0.0 945
0.0 0.0 945
.

3.4 0.2 945
.

.

. .
0.0 0.0 945
0.0 0.0 945
0.0 0.0 945
2.6 0.2 945
0.0 0.0 945
. . .
. • .
. . .

0.0 0.0 945
0.0 0.0 945
.
.
.

.

Trawl

0.0
0.0

0.0
1.0

0.0
0.0
0.0
.
.
.
0.0
0.0
0.1
0.0
0.0
6.8
.
0.0
0.0
.
.
.
0.3
0.0
.
0.0
0.0
0.0
.
0.0
0.0
0.0

0.0

0.0
0.0

0.0
0.1

0.0
0.0
0.0
.
.
.
0.0
0.0
0.0
0.0
0.0
0.4
.
0.0
0.0
.
.
.

0.1
0.0
.

0.0
0.0
0.0
.

0.1
0.0
0.0

0.0

2008
2008

2008
2008

2008
2008
2008
.
.
.

2008
2008
2008
2008
2008
2008
.

2008
2008
.
.
.

2008
2008
.

2008
2008
2008
.

2008
2008
2008

2008

sample size

Bagseine

0.0
0.0
0.0
0.0
0.0
0.0

.
0.0
.
.

0.1
6.8
0.0
0.3
0.2
.

20.1
0.0
0.0
.
.
0.0
.
3.6
2.2
.
.
.
0.0
.
.
0.0
.

0.2
0.0

0.0 1085
0.0 1085
0.3 1085
0.0 1085
0.0 1085
0.0 1085

.
0.0 1085
.
.

0.0 1085
0.8 1085
0.0 1085
0.0 1085
0.1 1085
.

2.1 1085
1.5 1085
0.0 1085

.
.

0.0 1085
.
0.8 1085
0.5 1085
. .
. .
. .
0.0 1085
.
. .

0.0 1085
.

0.0 1085
0.0 1085

Percent of samples

Oyster Gill Trawl Bag
dredge net seine

0.0 0.0 2797

. .

. . .

.
.

.

.
.

.
0.1 0.0 2797
.
. .
0.0 0.0 2797
.
.
.
.

.
.
.
.
. .
0.0 0.1 2797
. . .
. . .

.
.
.
0.0 0.0 2797
.

. .

•

3.07

.

.
0.11
0.32
1.16
.
.
7.72
1.90
0.42
.
56.2
.
.
.

0.32
1.27
0.42
66

0.21
.
.
.

0.11
0.53
.
.
.

.

0.15 .
0.60 .

0.37
. 0.28

1.15 0.09
22.2 1.94
. 0.18

0.09
0.05 .
0.15 .
1.25 0.74
.

.
. 1.66

0.05 46
1.54 1.11
4.38 7.28
0.25 2.49
0.15 .
65.4 53.2
. 0.09

0.10 0.28
0.05 .

.
. 0.09
. .

6.18 48.1
0.10 18.8
. .

0.05 .
0.05 .
0.10 0.28

.
0.05 .
0.35 0.18
0.05 .

6.45
0.20 0.37

Oyster
dredge

0.04

•

.

.

.

.

.

.

.
9.33
.
.

0.36
.
.
.
.
.
.
.
.
.

0.04
.
.
.
.
.

0.39
.

.



Appendix III.2. (continued) Organisms caught in the Galveston Estuary by Gill Net (1), Trawl (2), Bag Seine (3) and Oyster dredge (4).
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Scientific Name
Mean, standard error and

Common Name
Gillnet

Ophidion holbrooki
Opisthonema oglinum
Opsanus beta
Order Actiniaria
Order Hydroidea
Orthopristis chrysoptera
Ovalipes guadulpensis
Pagurus annulipes
Pagurus longicarpus
Pagurus pollicaris
Palaemonetes pugio
Palaeroonetes sp.
Panopeus herbstii
Paralichthys albigutta
Paralichthys lethostigma
Paralichthys squamilentus
Penaeus aztecus
Penaeus duorarum
Penaeus setiferus
Peprilus alepidotus
Peprilus burti
Persephona aquilonaris
Persephone crinita
Petrolisthes armatus
Phylum Ctenophora
Phylum Rhynchocoela
Poecilia latipinna
Pogonias cromis
Polinices duplicatus
Polydactylus octonemus
Pomatomus saltatrix
Pomoxis nigromaculatus
Porcellana sayana
Porichthys plectrodon
Portunus gibbesii
Portunus sayi
Portunus spini carpus
Prionotus salmonicolor

Bank cusk-eel
Atlantic thread her .
Gulf toadfish
Order anemones
Order Hydroids 4.9
Pigfish 0.1
Lady crab
Brown-banded hrmt cb.
Long claw hrmt crab .
Big claw hrmt crab .
Grass shrimp
Grass shrimp-unidt .
Xanthid crab
Gulf flounder
Southern flounder 0.9
Broad flounder
Brown shrimp
Pink shrimp
White shrimp 0.0
Harvest fish 0.1
Gulf butterfish
Purse crab
Raninid crab
Porcellanid crab
Phylum ctenophores .
Phylum ribbon worm
Sailfin molly
Black drum 6.9
Shark's eye
Atlantic threadfin 0.0
Bluefish 0.0
Black crappie
Porcellanid crab 0.0
Atlantic midshipman .
Purple crab
Sargassum crab
Portunid crab
Blackwing searobin .

. .

.

. .
6.4 945
0.0 945
.
.
.
.
.
.
.
.

0.0 945
.
.
.
0.0 945
0.0 945
.
.

m

.

0.3 945
.

0.0 945
0.0 945

0.1 945

. m

Trawl

0.0
0.0
0.0
3.8
0.1
0.0
0.0
0.2
0.7
.
0.0
0.0
0.0
0.1
0.0
4.8
0.1
14.9
0.1
0.4
0.0
0.0
0.0
26.7

0.0
0.1
0.1

0.0
0.0
0.1
0.0

0.0

0.0
0.0
0.0
1.1
0.0
0.0
0.0
0.0
0.1
.
0.0
0.0
0.0
0.0
0.0
0.6
0.0
0.9
0.0
0.1
0.0
0.1
0.0
2.7

0.0
0.0
0.0

0.2
0.0
0.0
0.0

0.0

2008
2008
2008
2008
2008
2008
2008
2008
2008

.
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008

2008
2008
2008

2008
2008
2008
2008

2008

sample size

Bagseine

0.0

0.0
.

1.0
0.1
.
.

0.0
0.0
0.5
7.1
0.0
.

0.2
.

24.0
.

44.6
.

0.0
.

0.0
4.5

0.1
0.3
0.0
2.1

0.0

0.0

0.0

0.3

0.0
.
0.7
0.0
.
.
0.0
0.0
0.2
1.4
0.0
.
0.0
.

2.2
.

5.9
.

0.0
.

0.0
1.5

0.0
0.1
0.0
0.9

0.0

0.0

0.0

1085

1085
,

1085
1085

.

.
1085
1085
1085
1085
1085

.
1085

.
1085

.
1085
.

1085
.

1085
1085

1085
1085
1085
1085

1085

1085

1085

Percent of samples

Oyster Gill Trawl Bag
dredge net seine

. . .
0.0 0.0 2797
. . .
0.4 0.3 2797
.
.
.
. .
0.0 0.0 2797
.
.

0.1 0.0 2797
. .
0.0 0.0 2797

.

.
. .
.
.
.
.

0.2 0.0 2797
.

0.0 0.0 2797

. . .
0.0 0.0 2797
.

. . .

. . .

0.09
. 1.89 .
. 1.00 0.46
. 0.20 .

0.85 0.65 0.28
3.70 3.24 3.23
. 1.29 .
. 0.10 .
. 7.17 0.37
. 12.2 0.37

. 4.24
. 0.15 29.5
. 0.10 0.09
. 0.55 .

43.7 7.02 11.3
. 0.05 .
. 29.9 49.1
. 2.59 .

0.21 59.2 43.1
2.65 6.42 .
. 8.62 0.09
. 0.15 .

0.05 .
. 0.35 0.18
. 12.4 2.86

1.57
81 2.99 10.3
. 3.34 0.18

0.21 3.83 8.66
1.38 .

0.09
0.11 0.05 .

1.69 .
. 2.84 0.09

0.15
0.09

0.15

Oyster
dredge

m

0.14
t

0.07
.
.
.
.
0.04
.
.

5.61
.
0.04
.
.
.
.
.
.
.

9.40
.

0.04

|
o!o7
.

m

•
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Appendix III.2. (continued) Organisms caught in the Galveston Estuary by Gill Net (1), Trawl (2), Bag Seine (3) and Oyster dredge (4),

Scientific Name Common Name
Mean, standard error and

Gillnet

Prionotus tribulus
Pylodictis olivaris
Rachycentron canadum
Rang i a cuneata
Rangia flexuosa
Rhinoptera bonasus
Rhithropanopeus harrisii
Rhizoprionodon terraenovae
Sardinella aurita
Sciaenops ocellatus
Scomberomorus cavalla
Scomberomorus maculatus
Selene setapinnis
Selene vomer
Sicyonia brevirostris
Sicyonia dorsal is
Sphoeroides parvus
Sphyrna lewini
Sphyrna tiburo
Spissula solidissima
Squilla empusa
Stellifer lanceolatus
Stomolophus meleagris
Strongylura marina
Suborder Reptantia
Syacium gunteri
Symphurus plagiusa
Syngnathus floridae
Syngnathus louisianae
Syngnathus scovelli
Synodus foetens
Tagelus plebeius
Thais haemastoma

Bighead searobin
Flathead catfish
Cobia
Common rangia
Brown rangia
Cownose ray
Xanthid crab
Atl sharpnose shk
Spanish sardine
Red drum
King mackerel
Spanish mackerel
Atlantic moonfish
Lookdown
Rock shrimp
Lesser rock shrimp
Least puffer
Scalloped hammerhd
Bormethead
Atlantic surf clam
Mantis shrimp
Star drum
Cabbagehead

0.0
.
.
0.0
0.0
0.0
.
0.0
.
9.3
0.0
0.1
0.0
.

.

.
0.0
0.0
0.0
.
.
.

0.0

0.0 945
.
.

0.0 945
0.0 945
0.0 945
.
0.0 945
.
0.4 945
0.0 945
0.0 945
0.0 945
. .
.
.

0.0 945
0.0 945
0.0 945
.
.
. .
0.0 945

Trawl

0.4 0.0
0.0 0.0
0.0 0.0
2.6 1.0
0.8 0.4
.
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
. .
0.0 0.0
0.2 0.1
0.0 0.0
. .

0.0 0.0
0.4 0.0
.
.
.
0.2 0.0
0.2 0.0
0.3 0.1

sample size Percent of samples

Bagseine Oyster Gill Trawl Bag Oyster
dredge net seine dredge

2008
2008
2008
2008
2008

.
2008
2008
2008
2008
.

2008
2008
2008

.
2008
2008
.
.
.

2008
2008
2008

Atlantic needlefish
Suborder reptantia
Shoal flounder
Blackcheek tongfh
Dusky pipefish
Chain pipefish
Gulf pipefish
Inshore lizardfish
Stout tagelus
Florida rock shell

Trachemys scripts (elegans)Red-eared slider
Trachinotus carolinus
Trachinotus falcatus

Florida pompano
Permi t

.

.

.

.

.

.

.

.
0.0
0.0
0.0
0.0

.

. .
.

.

.

.

.

.
0.0 945
0.1 945
0.0 945
0.0 945

0.0 0.1
0.0 0.0
0.1 0.0

.
.
.
0.0 0.0
0.0 0.0
0.2 0.0
. .

0.0 0.0
. .

2008
2008
2008

.

.

.
2008
2008
2008

.
2008

.

0.1
.
.
0.0
0.0
.
0.0
.

0.1
0.8
0.0
0.0
.
0.0
.
.
0.9
.
.
0.0
.

0.1
0.0
0.0
.
.

0.2
0.0
0.0
0.0
0.0
.
0.0
.

0.1
.

0.0 1085
.
.

0.0 1085
0.0 1085
.

0.0 1085
.
0.0 1085
0.1 1085
0.0 1085
0.0 1085
.

0.0 1085
.
.

0.4 1085
.
.

0.1 1085
.

0.0 1085
0.0 1085
0.0 1085
.
. .

0.0 1085
0.0 1085
0.0 1085
0.0 1085
0.0 1085
.

0.0 1085
. .
0.0 1085
, .

.

.

.
0.1 0.0 2797
0.0 0.0 2797

.
0.0 0.0 2797

.

.
.
. .

.
.
. . .
0.0 0.0 2797
.
.
.
.
. . .
.
. . .
. . .
.
.
. .
. .
.
0.0 0.0 2797

.
.
0.0 0.0 2797
0.1 0.0 2797
. . .
. .
. . .

0.42
.
.
0.42
0.32
0.42
.
1.48
.

84.1
0.11
3.81
0.11
.
.
.

0.11
0.74
1.69
.
.
.

0.63
.
.
.
.
.
.
.
.
.
0.53
0.11
1.59
0.21

15.6 4.79
0.05 .
0.05 .
3.54 0.92
1.20 0.37
.
0.05 0.37
0.05 .
0.05 0.55
0.15 18.1
. 0.09

0.05 0.28
3.04 .
2.59 0.28
.

0.10 .
13.6 11.5
.
.
. 0.09

5.43 .
4.53 1.75
5.38 0.18
. 1.38
0.05 .
0.25 .
4.18 9.31
. 0.09
. 0.28
. 0.18
2.09 2.12
0.05 .
6.87 0.55

.
0.10 1.38
. .

.

.

.
2.93
0.25
.

1.04
.
.
.
.
.
.
.

0.04
.
.
.
.
.
.
.
.
.
.
.
.
.

0.04
.
.
0.04
3.22
.
.
.

Trachycardium muricatum Yellow cockle
Trachypenaeus constrictus Broken nk shrp-cons

0.0 0.0 2797 0.04
0.0 0.0 2008 0.10



Appendix 111.2. (continued) Organisms caught in the Galveston Estuary by Gill Net (1), Trawl (2), Bag Seine (3) and Oyster dredge (4),

Scientific Name

Trachypenaeus similis
Trachypenafus sp.
Trichiurus lepturus
Trinectes maculatus
Uca panacea (pugilator)
Urophycis floridana
Xiphopeneus kroyeri

Mean, standard error and sample size
Common Name

Gillnet

Broken-nk shrp-sim .
Trachypeneid-unid
Atlantic cutlassfh .
Hogchoker
Sand fiddler crab
Southern hake
Seabob

Trawl

. 0.0

. 0.0

. 0.1

. 0.1

. 0.0

. 0.0

0.0
0.0
0.0
0.0

0.0
0.0

2008
2008
2008
2008

2008
2008

Bagseine

0.0
0.0

0.0

0.0
0.0

0.0

1085
1085

1085

Oyster
dredge

• •

Percent of samples

Gill Trawl Bag Oyster
net seine dredge

. 1

. 0

. 5

. 4

. 1
1

.64 .

.15 .

.93 .

.58 0.

. 0.

.89 .

.79 1.

74 .
09 .

11 .
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APPENDIX 3. COMMERCIAL AND RECREATIONAL FISHERIES LANDINGS

Maury Osborn

INTRODUCTION

Gulland (1977) emphasized the importance to the fishery manager of knowing the
landings of a marine resource. Landings data from both recreational and commercial
fishermen are required to assess the need for and the effect of saltwater fishing
regulations on fish populations. Economic and sociological data can also be inferred
from landings data to allow management for optimum sustainable yield (Radovich 1975).

Commercial landings of marine species from Texas bays and the Gulf of Mexico off
Texas have been collected from seafood dealers since 1880 (Stevenson 1893; Ferret et
al. 1980). These early data were collected sporadically until 1936 when annual surveys
were initiated by the Texas Legislature (Texas Game, Fish and Oyster Commission
1937). Since then, the Texas Parks and Wildlife Department (TPWD) has monitored the
landings and value of marine fishes, oysters, crabs and shrimp through a mandatory self-
reporting system known as the Monthly Marine Products Report (MMPR) which is
completed by seafood dealers (Johns 1990). Since 1956, the National Marine Fisheries
Service (NMFS) has collected shrimp landings data through dealer reports and shrimp
vessel crew interviews (Prytherch 1980) while TPWD continued to collect data on fishes,
crabs and oysters. An informal data exchange between agencies permitted compilation
of total self-reported landings of marine species. Beginning in April 1985, TPWD and
NMFS instituted a formal cooperative agreement to collect and exchange commercial
fisheries statistics.

Recreational finfish landings in Texas have been estimated since 1974 based on on-site
interviews at fishing access sites (Heffernan et al. 1976; Breuer et al. 1977; Green et al.
1978; McEachron 1980a, 1980b, 1983, 1984; McEachron and Green 1981, 1982, 1983,
1984a; McEachron et al. 1981, 1984a; Osburn and Ferguson 1985a, 1985b, 1986, 1987;
Osburn et al. 1988; Maddux et al. 1989). Survey procedures and estimation calculations
are described in Osburn and Osborn (in press). Recreational shrimp, crabs, and oyster
landings, beginning with May 1983, can also be estimated using these procedures;
however, these estimates have not been generated or published.

TPWD publishes annual trend reports of commercial and recreational landings; however,
the commercial trend report does not contain data collected prior to 1972 (Johns 1990).
Although the recreational trend report does present detailed data for the Galveston
Estuary, these data are not presented graphically. The objectives of this study were to
1) compile and graph available commercial landings data collected prior to 1972, and 2)
graph Galveston Estuary recreational landings by species and year.
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MATERIALS AND METHODS

Commercial Landings

Annual Reports (fiscal years) of the Texas Game, Fish and Oyster Commission (1912,
1919, 1922 to 1930, and 1932 to 1951), the Texas Game and Fish Commission (1952
to 1963), and the Texas Parks and Wildlife Department (1964 to 1965, 1967 to 1972)
on file in the TPWD Austin and Rockport Marine Laboratory libraries and the Texas
State Library were examined. Landings data for fiscal years 1931, 1933, 1935, and
1971 were not found. Reports from 1913 to 1918, 1931, and 1966 were not on file at
any of the libraries; however, data for 1966 were available in the 1967 report. The
reports for 1933, 1935 and 1971 were examined but no commercial landings data for
those years were included. When tables of commercial landings were found, data were
entered onto a LOTUS spreadsheet. Data for all species and estuarine systems were
entered on the LOTUS file although only Galveston Estuary data are presented and
discussed in this report. Data from 1972 onward (Johns 1990) were also entered on the
spreadsheet. Commercial landings prior to 1972 were reported on a fiscal year basis
(i.e. September 1926 to August 1927 is referred to here as 1927). Beginning with 1972,
data were reported on a calendar year basis. No individual graphs were generated for
freshwater or primarily Gulf-dependent species, although they were included in total
finfish.

Formats for reporting commercial landings varied considerably before 1972. Data from
1909 to 1926 were included in a table in the 1926 report; however it was for coastwide
totals and was reported for total finfish, shrimp, crabs, and oysters, rather than by
individual species. These data could not be used for graphing Galveston Estuary
landings. From 1927 to 1936, landings were presented by the same four species groups,
by port, with bay and Gulf landings at a port combined. Ports considered to represent
Galveston Estuary landings were Galveston, Freeport, Anahuac, Kemah, La Porte, San
Leon, Seabrook, Smith Point, and Wallisville. Data for some individual species were
available from 1937 to the present. From 1937 to 1941, landings were presented by bay
areas and for the entire Gulf off Texas. In 1939, 1940, and 1941, only landings from
all other minor bays were listed; landings for the Galveston Estuary were obtained by
subtraction from totals off a monthly landings table which appeared to be coastwide.
This resulted in negative numbers in some cases, which were set to zero; these data
should be considered less reliable. In 1940, landings of all other finfish species were
reported on a coastwide basis, not by estuary (except for trout, redfish, drum, and
flounder). From 1942 to 1949, landings were presented by individual species by major
estuary or combinations of estuaries, and by those areas of the Gulf off each estuary.
From 1950 to 1972, landings were presented for estuaries (sometimes combined areas
such as Aransas-Corpus Christi) and associated Gulf areas combined. Shrimp landings
for Gulf and inshore areas combined (statistical area 18 and the Galveston Estuary) were
obtained from the National Marine Fisheries Service and graphed by species. Only bay
landings for shrimp after 1972 were graphed. Four major groups (finfish, crabs, shrimp,
and oysters) were graphed from 1927 onward. With some exceptions, individual species
were graphed from 1937 or 1942 onward.
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Shrimp were reported as "green" from 1926 to 1937, and this was assumed to mean
heads-off. From 1938 to 1959, there was no indication as to whether they were weighed
heads-off or heads-on. From 1960 onward, shrimp have been specifically designated as
heads-on. Data from 1926 to 1937 were converted to heads-on using the conversion
factor for brown shrimp of 1.61 (Johns 1990). Data for 1938 to 1959 were not
converted. Oyster landings were recorded as barrels until 1937, then as pounds until
1947, then as gallons until 1950, and as pounds since 1950. Conversion to pounds were
made according to Johns (1990).

Species names varied and were colloquial; some assumptions were made based on
historical knowledge and experience with colloquial names. "Drum" were considered
to be black drum (Pogonias cromis) because "redfish" (red drum, Sciaenops ocellatus)
were reported separately. "Trout" were considered to be spotted seatrout (Cynosdon
nebulosus), and sand seatrout (C. arenarius), because in some years both "trout" and
"sand seatrout" were reported but in other years only "trout" were reported. Although
the following species were not graphed, they were assigned species codes on the LOTUS
file for future automation. "Mackerel" was assumed to be Spanish mackerel
(Scomberomorus cavalla) because "kingfish" was assumed to be king mackerel (SL
maculatus), and true kingfish (Menticirrhus sp.) were referred to as "whiting".
"Rockfish" was assumed to be striped bass (Morone saxatilis).

Recreational Landings

Survey procedures and estimation calculations are described in Osburn and Osborn (in
press). Data through 1989 were obtained from tables published in Green et al. (1991).
The survey year runs from May 15 of one year to May 14 of the next year (high use
season is May to November and low use season is November to May). The year 1976
refers to combined estimates for 1974-75 and 1975-76 because only half of the coast was
surveyed in each survey year. The Galveston area was surveyed in 1974-75. Data are
for private sport-boat fishermen fishing the Galveston Estuary and its passes to the Gulf
of Mexico. Offshore Gulf landings were not included. Private sport-boat fishermen
comprise a large portion of the pressure and landings and provide the longest continuous,
comparable data set for recreational fishing. Other types of fishing estimates
(wade/bank, lighted pier and jetty, party-boat and headboat fishermen) are available
(Heffernan et al. 1976; Green et al. 1978; McEachron and Green 1981, 1982, 1983,
1984; McEachron et al. 1981, 1984; McEachron 1984; Osburn and Ferguson 1985a,
1985b, 1986, 1987; Osburn et al. 1988; Maddux et al. 1989), but those surveys have
been conducted on a periodic basis or do not have as many years of data. Numbers of
fish and weight in pounds were graphed, except for other species which were only
plotted by numbers of fish. Mean weights are not routinely calculated for other finfish
combined, therefore calculation of total weight landed (mean weight times number
landed) was not possible.
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RESULTS

Commercial Landings

Shrimp fPenaeus spp.) comprised almost 52 percent of all species landed in Galveston
Bay from 1972 to 1989 (Figure III.3.1). Those years were chosen in order to exclude
Gulf data. Blue crab (Callinectes sapidus) comprised over 20 percent, American oysters
(Crassostrea virginica) comprised 23 percent, and finfish comprised only 5 percent of
the landings by weight. Generally, landings of shellfish and finfish remained low until
the early 1950s and then increased dramatically.

Shellfish

Total shrimp landings began increasing in the early to middle 1950s (Figures III.3.2,
III.3.3). Bay landings have fluctuated without any strong trend since 1972 (Figure
III.3.2). Slightly more white shrimp (Penaeus setiferus) than brown and pink shrimp (R
aztecus. R duorarum) are caught in Galveston bay, excluding Gulf landings, while the
opposite appears true offshore (Figure III.3.3). Oyster landings remained below one
million pounds until a rapid increase in the early 1960s (Figure III.3.4). They decreased
dramatically in the late 1970s and then increased to a record high in 1983, followed by
another decline. Except for a few hundred pounds in one or two years, all landings
were reported from the bays. Blue crab landings also began increasing in the 1960s,
remained fairly stable through the 1970s at around two million pounds, and then reached
new heights in the middle 1980s (Figure III.3.5). Nearly all landings were from bay

Species Composition, 1972-1989

Figure III.3.1. Species composition, by weight, of commercial landings in Galveston
Bay from 1972 to 1989.
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Shrimp landings
Galveston Bay

Figure III.3.2. Commercial landings of white shrimp and brown and pink shrimp
(Penaeus spp.) in Galveston Bay, 1957-1989.

Shrimp landings
Gulf of Mexico off Galveston

1956 1960 1964 1968 1972 1976 1980 1984 1988
Year

Figure III.3.3. Commercial landings of white shrimp and brown and pink shrimp
(Penaeus spp.) in the Gulf of Mexico offshore of Galveston Bay, 1957-1989.
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Figure III.3.4. Commercial landings (meat weight in pounds) of American oysters
(Crassostrea virginica) in Galveston Bay, 1927-1989.

Blue Crab

Figure III.3.5. Commercial landings (whole weight in pounds) of blue crab (Callinectes
sapidus) in Galveston Bay, 1927-1989.
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landings were from estuarine waters. Squid landings also began increasing in the 1960's
and have fluctuated greatly since then (Figure III.3.6). Surprisingly, stone crab
(Menippe adinae) landings began appearing in the Galveston Estuary in 1984 and reached
a high of 30,000 pounds in 1988 (Figure III.3.7).

Finfish

Total finfish increased from below 250,000 pounds prior to the 1940s to around one
million pounds through the 1950s, with a large increase in the middle 1960s, and a
decrease since then (Figure III.3.8). Species composition since 1982, when commercial
sale of red drum and spotted seatrout was banned (Anonymous 1982), shows that
flounder (Paralichthys spp.) make up 26 percent of the landings, followed by black drum
(17 percent), mullet (Mugil spp.; 16 percent), and sheepshead (Archosargus
probatocephalus: 12 percent; Figure III.3.9). Much of the increase during the 1950s was
due to Gulf species such as red snapper (Lutjanus campechanus). which had landings
approaching one million pounds during that period. The large landings in the middle
1960s were due to both Gulf and estuarine species, including seatrout (Figure III.3.10),
red drum (Figure III.3.11), black drum (Figure III.3.12), flounder (Figure III.3.13),
sheepshead (Figure III.3.14), Atlantic croaker (Micropogonias undulatus: Figure
III.3.15), kingflsh (whiting; Figure III.3.16), red snapper, and unclassified food and
scrap (Figure III.3.17).

Red drum and spotted seatrout reached record landings of over 100,000 and 600,000
pounds, respectively, in the middle 1970s and then steadily declined until the ban on
their sale in September 1981. Most of the landings of "seatrout" were spotted seatrout,
not sand seatrout (Figure III.3.18). Mullet landings increased in the late 1960s and early
1970s, remained low in the 1970s, and increased to over 100,000 pounds in the early
1980s (Figure III.3.19). Black drum and flounder also increased during the 1980s.
Gafftopsail catfish landings (Bagre marinus) declined during the 1980s (Figure III.3.20).

Recreational Landings

Recreational boat landings for all finfish combined in the Galveston Estuary have
declined since 1974-76 (Figure III.3.21), although effort has not shown a decline (Figure
III.3.22). Galveston Estuary recreational landings are dominated by Atlantic croaker,
sand seatrout and spotted seatrout (Figure III.3.23), while Southern flounder and other
finfish have increased as a percent of the total since 1982. Landings of Atlantic croaker
(Figure III.3.24), sand seatrout (Figure III.3.25), spotted seatrout (Figure III.3.26), black
drum (Figure III.3.27), sheepshead (Figure III.3.28), and gafftopsail catfish (Figure
III.3.298) all declined in the mid to late 1980s. Southern flounder (Paralichthys
lethostigma) remained relatively stable except for an extremely high landings estimate
in 1980 (Figure III.3.30). Red drum landings are slightly lower than those during the
1970s, although the weight landed has been the same and in some years shown large
increases (Figure III.3.31).
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Squid

Figure III.3.6. Commercial landings (whole weight in pounds) of squid (Lolliguncula
brevis and Loligo pealei) in Galveston Bay, 1942-1989.

Stone Crab
35

Figure III.3.7. Commercial landings (whole weight in pounds) of stone crab (Menippe
adinae^ in Galveston Bay, 1984-1989.
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Total Finfish

Figure III.3.8. Commercial landings (whole weight in pounds) of all finfish in Galveston
Bay, 1927-1989.

Species Composition, 1982-1989

Figure III.3.9. Species composition, by weight, of commercial finfish landings in
Galveston Bay from 1982 to 1989.
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Spotted and Sand Seatrout

Figure III.3.10. Commercial landings (whole weight in pounds) of spotted and sand
seatrout (Cynoscion spp.) in Galveston Bay, 1937-1989.

Red Drum

Figure III.3.11. Commercial landings (whole weight in pounds) of red drum (Sciaenops
ocellatus) in Galveston Bay, 1937-1989.
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Black Drum
300

Figure III.3.12. Commercial landings (whole weight in pounds) of black drum
(Pogonias cromis) in Galveston Bay, 1937-1989.

Flounder

Figure III.3.13. Commercial landings (whole weight in pounds) of flounder
(Paralichthys spp.) in Galveston Bay, 1937-1989.
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Sheepshead

Figure III.3.14. Commercial landings (whole weight in pounds) of sheepshead
(Archosargus probatocephalus) in Galveston Bay, 1942-1989.

Atlantic Croaker

Figure III.3.15. Commercial landings (whole weight in pounds) of Atlantic croaker
(Micropogonias undulatus) in Galveston Bay, 1942-1989.
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Kingfish (Whiting)

Figure III.3.16. Commercial landings (whole weight in pounds) of kingfish (whiting;
Menticirrhus spp.) in Galveston Bay, 1942-1989.

Unclassified Food and Scrap

Figure III.3.17. Commercial landings (whole weight in pounds) of unclassified food and
scrap in Galveston Bay, 1942-1989.
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700
Spotted and Sand Seatrout

Figure III.3.18. Commercial landings (whole weight in pounds) of spotted and sand
seatrout (Cynoscion spp.), by species, in Galveston Bay, 1967-1989.

Mullet

Figure III.3.19. Commercial landings (whole weight in pounds) of mullet (Mugil spp.)
in Galveston Bay, 1942-1989.
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Gafftopsail Catfish

Figure III.3.20. Commercial landings (whole weight in pounds) of gafftopsail catfish
(Eagre marinus) in Galveston Bay, 1942-1989.

3500
Total Finfish - Recreational Landings

Figure III.3.21. Recreational landings (numbers of fish and whole weight in pounds) of
all finfish caught by private sport-boat fishermen in Galveston Bay, 1976-1989.
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Recreational Effort

Figure III.3.22. Recreational effort (man-hours) expended by private sport-boat
fishermen in Galveston Bav, 1976-1989.

Species Composition of Recreational Landings

Figure III.3.23. Species composition, by numbers of fish, of recreational finfish
landings caught by private sport-boat fishermen in Galveston Bay from 1976 to 1989
from 1976 to 1982, and from 1983 to 1989.
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1400
Atlantic Croaker - Recreational Landings

Figure III.3.24. Recreational landings (numbers of fish and whole weight in pounds) of
Atlantic croaker (Micropogonias undulatus) caught by private sport-boat fishermen in
Galveston Bay, 1976-1989.

Sand Seatrout - Recreational Landings

Figure III.3.25. Recreational landings (numbers of fish and whole weight in pounds) of
sand seatrout (Cynoscion arenarius) caught by private sport-boat fishermen in Galveston
Bay, 1976-1989.
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Spotted Seatrout - Recreational Landings

Figure III.3.26. Recreational landings (numbers of fish and whole weight in pounds) of
spotted seatrout (Cynoscion nebulosus) caught by private sport-boat fishermen in
Galveston Bay, 1976-1989.

Black Drum - Recreational Landings

Figure III.3.27. Recreational landings (numbers of fish and whole weight in pounds) of
black drum (Pogonias cromis) caught by private sport-boat fishermen in Galveston Bay,
1976-1989.
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Sheepshead - Recreational Landings

Figure III.3.28. Recreational landings (numbers of fish and whole weight in pounds) of
sheepshead (Archosargus probatocephalus) caught by private sport-boat fishermen in
Galveston Bay, 1976-1989.

Gafftopsail Catfish - Recreational Landings

Figure III.3.29. Recreational landings (numbers of fish and whole weight in pounds) of
gafftopsail catfish (Eagre marinus) caught by private sport-boat fishermen in Galveston
Bay, 1976-1989.
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600
Southern Flounder - Recreational Landings

Figure III.3.30. Recreational landings (numbers of fish and whole weight in pounds) of
southern flounder (Paralichthys lethostigma) caught by private sport-boat fishermen in
Galveston Bay, 1976-1989.

Red Drum - Recreational Landings

Figure III.3.31. Recreational landings (numbers of fish and whole weight in pounds) of
red drum (Sciaenops ocellatus) caught by private sport-boat fishermen in Galveston Bay,
1976-1989.
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DISCUSSION

Commercial shrimp, crab and oyster landings in the Galveston Estuary showed increases
in the 1980s; however, commercial and recreational finfish landings peaked in the 1960s
and 1970s, and have declined since then. Increased commercial fishing pressure and
changes in technology are probably responsible for the increases in shellfish landings
(Quast et al. 1988; Cody et al. 1989; Cody et al. in preparation), while commercial and
recreational fishing pressure, environmental events (such as the 1983 freeze and the 1986
red tide), and major changes in fishing regulations designed to decrease fishing pressure
on declining stocks are responsible for recent decreases in finfish landings (Maddux et
al. 1989). In the oyster fishery, oyster tongs were the primary gear used prior to 1960;
the introduction and widespread use of dredges greatly increased the harvest after 1960
(Quast et al. 1988). The development of the otter trawls after 1917, the adoption of
"double-rigged" trawls in the 1950s and 1960s, and exploration of deeper, offshore Gulf
waters caused large increases in the shrimp harvest (Cody et al. 1989). In the crab
fishery, the primary gear used prior to the 1940s was the trotline; crab traps were
introduced during the 1940s (Cody et al. in preparation). According to NMFS estimates,
the number of crab fishermen was about 150 in 1976, a little over 100 in 1980, doubled
to over 200 in 1984, and increased to over 300 in 1987 (Cody et al. in preparation).

In the 1970s red drum and spotted seatrout were in high demand by both consumers and
recreational fishermen, were bringing a higher dollar per pound than other finfish, and
were heavily targeted by commercial fishermen using efficient gill and trammel nets.
Concern about overfishing prompted fishing restrictions in the late 1970s and finally the
commercial sale of these species was banned beginning September 1981. The increases
in landings of mullet, flounder, and black drum after 1981 probably reflect commercial
fishermen shifting from red drum and spotted seatrout to other species. Recently a
lucrative market developed for mullet roe, but recent regulations intended to protect
spawning mullet have been implemented.

Recreational landings are affected by shifts in effort for economic reasons, such as gas
price increases, decreases in fish availability caused by substantial fishing effort, and
environmental events that are perceived as lowering catch rates by killing fish (Maddux
et al. 1989). Catch rates are also affected by fishermen's knowledge and geographic
residence (Matlock 1983). The large immigration into Texas in the 1980s with resulting
increases in coastal populations may have changed the overall composition of recreational
fishermen and their landings and catch rates. Changes in regulations also affect
recreational landings (Meador and Green 1986); the many bag and size limits
implemented in the 1980s (Anonymous 1984, 1986, 1988, 1990) have certainly affected
sport-fishermen's harvest, but should ultimately improve the quality of their fishing
experience.

Besides changes in fishing effort and gears, economics, etc., there may be other reasons
that shellfish have not shown as serious a decline as finfish. Most of the shellfish
species are shorter-lived, with earlier reproduction, than most of the commercially and
recreationally important finfish species, so that they are more robust with respect to
fishing pressure. Finfish landings seemed to have reached their maximum in the 1970s,
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and effort and harvest could have exceeded the amount necessary to sustain maximum
sustainable yield. Shellfish fisheries probably are currently reaching or exceeding levels
of optimum effort (Quast et al. 1988; Cody et al. 1989, In preparation). Oyster landings
have declined in the most recent years, the shrimp fishery is overcapitalized, and catch
rates in the crab fishery are declining. Recent implementation of regulations designed
to achieve management objectives in the Texas Oyster and Shrimp Fishery Management
Plans (Quast et al. 1988, Cody et al. 1989) should help to maintain and restore those
fisheries while achieving optimum yield. Management Plans are now being developed
for commercially and recreationally important finfish species, and the Crab Management
Plan is in the public review stage.

When no independent monitoring data are available, landings data are sometimes used
as indicators of trends in the status of fish stock; however, this is not a desirable
situation because landings are greatly influenced by economic and technological factors
and do not always reflect the condition of fish stocks. Inaccurate or incomplete self-
reporting by commercial fishermen has been documented, though it occurs to an
unknown degree (Contas et al. undated, Bockstael 1980, Richkus et al. 1980, Green and
Thompson 1981, Ferguson 1986, Matlock 1986, Campbell et al. 1990), and varies with
many sociological and economic factors. Deficiencies in reporting requirements and
subsequent enforcement also affect the utility of commercial landings data (Johns 1990).
Changes in fishing regulations affect both commercial and recreational landings. Texas
designed and tested a commercial sampling survey in the 1980s to obtain more reliable
commercial landings estimates as well as additional biological, sociological, and
economic data (Lahr et al. 1987, unpublished data); however, current budget and
manpower constraints do not allow complete implementation of the survey.
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APPENDIX 4. STATEMENTS BY CONSULTING STATISTICIANS

UNIVERSITY OF TEXAS AT AUSTIN Department of Mathematics
Austin, TX 78712

Tel.: 512-471-7711
FAX: 512-471-9038

e-mail: hinkley@math.utexas.edu
Jane and Roland Blumberg Centennial Professor
DAVID V HINKLEY

Mr A Green
Resource Protection Division

Texas Parks & Wildlife Department

4200 Smith School Road

Austin TX 78744

August 23 1991

Dear Mr Green
In response to your request, I am writing an overall assessment of the statistical

methods which have been applied to analyses of data collected in the coastal fisheries

study.

The data available on fish populations are integer counts of catches. For the

statistical analysis of such data the authoritative text is the 1989 publication Generalized

Linear Models authored by P. McCullagh & J. A. Nelder: the second of these authors also
coauthored the corresponding software package GLIM. The statistical analysis by TPWD
staff has followed the methodology described in this book, using GLIM for numerical

calculations, with advice from me on options.
An important feature of the fisheries catch data is over-dispersion relative to the

standard Poisson frequency model, and correct allowance has been made for this by careful

determination of, and use of, the form of data variation - which is similar to that for

Negative Binomial frequency models.
Proper diagnostic checking methods have been applied, both to verify assumptions

of the statistical analysis and to check for atypical values.
The focus of the statistical analysis has been on detection of long-term trends in

catch rates. The general strategy was to fit trend curves, after allowance for seasonal

variation when possible, followed by statistical assessment of whether or not those curves
show real trends as opposed to spurious trends due to random variation. This strategy is

standard and has been correctly applied. For certain species other forms of trend (e.g.,

step-up or step-down) have been diagnosed by appropriate inspection of statistical graphs

and corresponding comparisons of annual means.
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In summary, it is my judgement that the appropriate state-of-the-art

statistical techniques have been used in the data analysis in this study. Where my

advice has been sought and given, I believe that it has been correctly applied.

Yours sincerely,

David V Hinkley

September 10th, 1991

Mr. Al Green
Texas Parks & Wildlife

SUBJECT: Review of Methodology

Dear Mr. Green:

I have been asked to give my professional opinion of the statistical methodology
used in the current contract between Texas Parks and Wildlife Department and the En-
vironmental Protection Agency. For the past year, I have been a consulting statistician
on the portion of this contract that deals with detection and estimation of temporal
trends in fish populations in Galveston Bay over the past 14 years. During the course
of my consultancy, I have participated in meetings and discussions, suggested and di-
rected analyses, interpreted results, and reviewed documents relating to trends and trend
methodology for the subject contract. In my opinion, the statistical methodology used
by TPWD on this contract and reported in the contract report is appropriate and rea-
sonable for the purpose of detecting and estimating temporal trends in the species data
that were available.

It should be noted that the analysis was limited to identifying the existence of
trends and estimating their magnitudes. No attempt was made to accomplish the more
difficult task of associating causative factors with trends, although some possibilities are
suggested by the analytical results and briefly hinted at in the contract report. That was
deemed beyond the scope of the present study. In general, the signal (trend) in the data
is weak compared with the noise (random component) and takes different forms from
one species to another and from one sampling technique to another. This renders diffi-
cult the task of developping tight, subject-matter-rooted models.

Nevertheless, TPWD staff did a fine job of coping with potential problems of
seasonality, longitudinal studies of the same cohorts, specificity of sampling technique
to organism size, autocorrelation in the time series, standardizing CPUE, and (with Dr.
Hinkley's assistance - see his separate review) dealing with mixtures of Poisson distrib-
uted errors (the negative binomial model). I believe the latter is probably an innovation
in fisheries work that is likely to create considerable professional interest.
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I have two modest suggestions for sampling methodology. First, I think it may
be advisable to revise the policy of measuring only the first 19 individuals of a species
that are caught and merely counting the remainder. It seems to me that the gain in in-
formation to be obtained from measuring all caught individuals clearly outweighs the
additional effort involved in measuring them, particularly in view of the effort and pains
taken to catch them. Second, I think it may be advisable to revisit the issue of sample
site selection. Currently, sites are selected at random in Galveston Bay. Thus the vari-
ation in catch includes a component due to site-to-site variation, as well as components
due to different seasons, different catch times, etc. So if the catch increases next month,
it is not altogether clear whether the increase is due to a trend or to a selection of more
favorable sites. I think that the spatial variation maps provided in the contract report
suggest that catch may vary in a systematic manner across Galveston Bay. Thus site
selection may be a significant factor in catch rates. Therefore, there may be some gains
to be achieved in terms of detectability of trends by stratifying the Bay into areas of high
and low catch rates for site selection. For species having a significant catch gradient
across the Bay, a stratified sample design will be more efficient than a simple random
selection of sites.

Sincerely,

Prof. Thomas W. Sager
Dept. of MS IS, CB A 5. 202
University of Texas
Austin, Texas 78712
Tel. (512)471-5232

cc: Dr. David Hinkley
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IV. STATUS AND TRENDS OF SELECTED VERTEBRATE RESOURCES
IN THE GALVESTON ESTUARY: BIRDS AND ALLIGATORS

R. Douglas Slack, Dale Gawlik, Douglas Harpole, and James Thomas

The objectives of this study were to: (1) evaluate the validity of available data sets for
use in the characterization of living resources of the Galveston Estuary, (2) conduct
analyses of the status and trends of selected avian populations and assemblages, and
alligator populations.

METHODS

Existing data sets for selected vertebrate resources in the Galveston Estuary were
identified. All data sets were evaluated for appropriateness of spatial and temporal
coverage. Only data sets with greater than five continuous years of coverage, similar
sampling schemes and sampling periods, and geographic relevance (Figure IV. 1) to the
Galveston Estuary were used in subsequent trend analyses.

Available Data Sets

Texas Colonial Waterbird Survey (TCWS)

The Texas Colonial Waterbird Society and the TPWD have compiled and published the
results of colonial waterbird surveys of the Galveston Estuary from 1973 to the present
(Slack 1978, Texas Colonial Waterbird Society 1982, Martin 1989). Surveys were
conducted annually during a two-week period beginning the last week of May,
corresponding to the incubation period of most colonial nesting waterbirds. Most
surveys of the Galveston Estuary were conducted from the ground; however, counts from
several aerial surveys were also reported. Ground counts were conducted by two to four
people viewing the colony from a boat or on foot. Counts of individual birds were
found to correspond directly to the number of nests and therefore the number of nesting
pairs found in colonies (Texas Colonial Waterbird Society 1982). The Texas Colonial
Waterbird Society (1982) reported 22 species of colonial waterbirds nesting in 70
colonies in the Galveston Estuary. Species selected for study as identified by the
Galveston Bay National Estuary Program include the black-crowned night-heron
(Nycticorax nycticorax). tricolored heron (Egretta tricolor), snowy egret (Egretta thuja),
great egret (Casmerodius ajbus), roseate spoonbill (Ajaia ajaja), Forster's tern (Sterna
forsteri), black skimmer (Rynchops rnger), and olivaceous cormorant (Phalacrocorax
oHvaceus).

North American Breeding Bird Survey

The U.S. Fish and Wildlife Service coordinated breeding bird surveys along two 80-
km roadside routes within the Galveston Estuary area (counts #20, #21). Each route
consisted of approximately 50 3-minute counting locations 0.8 km apart. Observers
started their routes one-half hour before sunrise and continued for approximately 4 hours.
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Only birds seen or heard within the 3-minute stops were included (Bystrak 1981).
Continuous data sets from both survey routes were available for the years 1986-1990
with intermittent coverage dating back to 1968. Five species associated with marine
systems were observed on the selected survey routes; however, only 3 species were
observed frequently enough to allow detailed analyses. These species include the red-
winged blackbird (Agelaius phoeniceus). boat-tailed grackle (Ouiscalus major), and
great-tailed grackle (Quiscalus mejdcanus).

Mid-winter Waterfowl Survey

The Texas Parks and Wildlife Department, in cooperation with the U.S. Fish and
Wildlife Service, has conducted an annual mid-winter waterfowl survey of the Texas
coast and prairies since 1973 (Haskins 1990); however, data were only available from
1986 to 1991. The survey consisted of one systematic scheme of sampling along
transects and another less systematic sampling scheme of counting birds in general
locations. The Mid-winter Waterfowl Transects (MWT) required two observers and a
pilot to make aerial counts at an altitude of 61 m along predefined transects. Transects
were 0.4 km wide and varied in length (D. Lobpries, TPWD, personal communication).
Only waterfowl sighted within the transects were recorded. Three aerial transects (#6,
#7, and #8) included portions of the Galveston Bay System. The second sampling
scheme, the Mid-winter Waterfowl Cruise Count (MWCC), represented an aerial count
of waterfowl in many of the open water areas of the Galveston Bay System. Spatial
coverage varied both within and among years (D. Lobpries, TPWD, personal
communication). Although Sheridan et al. (1988) have reported 32 species of waterfowl
for the Galveston Bay System, the Mid-winter Waterfowl Survey included sightings of
only 17 species: cormorant spp. (Phalacrocorax spp.), green-winged teal (Anas crecca),
blue-winged teal (Anas discors). mottled duck (Anas fulvigula). mallard (Anas
platyrhynchos). ruddy duck (Oxyura jamaicensis). ring-necked duck (Aythya collaris).
bufflehead (Bucephala albeola). northern pintail (Anas acuta), northern shoveler (Anas
clypeata). gadwall (Anas strepera). American wigeon (Anas arnericana), canvasback
(Aythya valisineria). redhead (Aythya arnericana), scaup spp. (Aythya spp.), merganser
spp. (Mergus spp.), and American coot (Fulica americana). These data provided
information on abundance of waterfowl by species and by transect, or by general location
within the surrounding waters of the Galveston Bay System.

Christmas Bird Counts (CBC)

The annual CBC sponsored by the National Audubon Society were day-long tallies of
birds seen within selected 24-km diameter areas. The number of participants and
temporal coverage was recorded for each count-area and varied both among years and
counts. Each count-area was traversed by observers with some combination of
automobile, boat, walking, or by monitoring backyard bird feeders (Butcher 1990). Five
count-areas included portions of the Galveston Estuary. Four count-areas were used in
the analyses (Bolivar Peninsula, Galveston, Houston, and Old River) and provide nearly
continuous coverage back to 1965. The fifth count-area, Armand Bayou, was initiated
in 1982 and was excluded from analyses because of significant differences in sampling
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periods in comparison to the other four routes. Thirty-two species associated with the
marine system were chosen for analysis.

Shorebird Surveys of Bolivar Flats

Thirty-five species of shorebirds have been reported for the Galveston Estuary,
prompting the estuary's designation as a regional reserve site in the Western Hemisphere
Shorebird Reserve Network. The 6 most common shorebird species occurring in the
Galveston Estuary are: black-bellied plover (Pluvialis squatarola). American avocet
(Recurvirostra americana). willet (Catoptrophorus semipalmatus). sanderling (Cajidris
alba), western sandpiper (Calidris mauri), and dunlin (Calidris alpina: Sheridan et al.
1988). The U.S. Fish and Wildlife Service, Clear Lake Office, has conducted irregular
monthly surveys of the Bolivar Flat system continuously since 1980. Surveys were
conducted from 0900 to about 1130 usually by one observer, while walking through
beach and marsh habitats. Spotting scopes were used to identify all species of birds (D.
Peterson, U.S. Fish and Wildlife Service, personal communication).

Alligator Survey

The Texas Parks and Wildlife Department has conducted annual helicopter surveys of
American alligator (Alligator mississippiensis) nests along established transects in the
marshes adjacent to East Bay and Trinity Bay from 1980 through 1984. From 1985 to
the present each transect was surveyed approximately once every three years. Transects
were 91 m wide, varied in length, and occurred at 1.6 km or 4.8 km intervals.
Transects were flown at an altitude of 91 m and all observed nests were plotted on maps
(Potter 1981). In addition to nest counts, the TPWD conducted alligator night-count
surveys on 3 selected navigable waterways (routes) within the Galveston Bay System.
Night-count surveys were conducted from a boat with 2 observers using spot-lights to
detect animals. Most surveys were conducted in May to reduce the negative effects of
increased vegetative growth on visibility. An effort was made to standardize lighting
equipment and boats.

Data Analysis and Presentation

The general approach to all data analyses was to develop models for each species that
described the relationship between counts and years while accounting for as much
unwanted variation as possible (e.g., biases due to observer effort, location, and season).
Including these sources of variation in models improved their performance and increased
the statistical power of the tests (Ott 1988). Sources of extraneous variation represented
by continuous variables were treated as covariates (e.g. observer effort) and discrete
class variables were treated as blocks (e.g. transects). If the effect of a covariate was
not a significant factor in a model it was removed (Butcher and McCulloch 1990).
Models that included class variables produced one parallel regression line for each class,
however, only the "average" regression line for all classes was depicted in figures.
Interactions between the year terms and the class variables were also examined. A
significant interaction indicated that effects due to the year term were not consistent
among all classes and therefore the slopes of the lines in each class were not the same
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(Ott 1988). The presence of significant interaction terms was identified by species to
provide further information on the temporal and spatial relationships. After testing for
a significant interaction, the interaction terms were removed from all final models.
When analyses on raw counts resulted in proportional variance-to-mean ratios, data were
transformed using natural logs (Ott 1988). A constant of 0.5 was added to all 0 counts
used in log models (Butcher and McCulloch 1990). The critical level for all tests was
P = 0.05. Analyses were conducted using the SAS General Linear Models Procedure
(SAS 1985). The General Linear Model procedure allowed for the development of a
wide range of models, including polynomial models, and it is recommended for
unbalanced data where each x is not associated with a corresponding y (i.e., surveys not
conducted in some years; Freund et al. 1986).

The performance of the final models determined the format in which the data were
displayed for each species. Plots containing a regression line through the individual
counts were constructed for all models indicating that a species' numbers were changing
significantly. If final models were based on log-transformed values, plots of the raw
untransformed counts and a plot with the regression line through the transformed values
were generated. Raw counts and a line of annual mean values were plotted for all
models that did not indicate a significant trend. Plots containing a distribution of counts
as well as a regression line allowed for a qualitative assessment of the fit of the line and
a visual measure of variance. Analysis of variance tables were included for all
significant models. Figures with multiple plots were grouped by data sets and therefore
were not referenced in sequence.

Texas Colonial Waterbird Survey

Three separate analyses were conducted on each species to detect changes in (1) the total
number of individuals, (2) number of active colonies containing those individuals, and
(3) the mean number of individuals per colony. The response variable used to detect a
change in the total number of individuals was calculated by summing the counts of all
birds seen in a given year. Similarly, the response variable used to detect a change in
number of active colonies was calculated as the frequency of colonies containing a
species in a given year. The response variable for determining a change in the mean
number of birds per colony was simply the reported number of birds per colony.

Quantitative studies of waterbird communities are well suited to a multivariate approach
to data analysis because of the potential complexity of relationships both within and
among communities. In order to better identify the spatial and temporal relationships
of waterbird communities, researchers have applied a variety of multivariate analysis
techniques, including factor analysis and canonical correlation (Beaver et al. 1980),
correspondence analysis (Abrams and Underhill 1986, Spendelow et al. 1989), and
detrended correspondence analysis (DCA; Spendelow et al. 1989). Detrended
correspondence analysis (Hill 1979) was chosen in this study because it is currently one
of the most powerful techniques available to identify community patterns, and makes no
rigorous assumption of linearity of data (Gauch et al. 1981, Peet et al. 1988). Each
sample used in the analysis consisted of a set of annual abundance values for all species
seen on the TCWS from 1973 to 1990. Ordination of these data should illustrate
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changes in the distribution patterns and structure of the colonial waterbird community
over time. Years that have similar distributions of colonial waterbirds should cluster
more closely than years with more dissimilar distributions. Therefore, if the structure
of the colonial waterbird community has not changed over time, plots of the ordination
scores of years will show little separation. Likewise, plots of species scores should
separate species with more dissimilar distribution patterns.

North American Breeding Bird Survey

Although annual surveys were conducted along the same routes, the number of 3-minute
counting locations (stops) varied among routes and among years. Therefore, to
standardize annual surveys the number of birds seen per route was divided by the
number of stops per route. This standardized value was used as the response variable
and routes were treated as blocks.

Mid-winter Waterfowl Transects

Sampling design allowed for constant effort per transect among years; therefore, no
measure of effort was included in final models. Transects were treated as blocks and
the number of individuals per year was used as the response variable.

Mid-winter Waterfowl Cruise Count

Sampling effort varied among locations and years, with no measure of sampling effort
recorded by observers. Therefore they were necessarily excluded from subsequent
analyses, and models simply consisted of a response variable and a year term. The
response variable was calculated as the sum of all birds seen in the Galveston Estuary
area in a given year.

Christmas Bird Count

The effects of sampling effort are known to vary with species, and several measures of
effort are recorded for each count-area. "Party-miles" was selected as the best measure
of observer effort based on the criteria outlined in Butcher and McCulloch (1990);
however, if this term was not significant it was not included in final models. Count-
areas were included in all final models and were treated as blocks.

Shorebird Survey of Bolivar Flats

Observers made an effort to keep spatial coverage and observer effort constant; however,
surveys were conducted at irregular intervals throughout the year resulting in temporal
biases. In order to account for these biases, seasons were treated as blocks and the
number of individuals per survey was used as the response variable.

270



Alligator Nest Counts

Nest counts were conducted along established transects; however, the location and
number of transects varied among years, so that transects could not be treated as blocks.
The response variable was calculated by summing all nests observed in a given year and
dividing by the number of transects surveyed.

Alligator Night-count Surveys

Night-count surveys were conducted along the same route each year with approximately
the same level of observer effort, therefore routes were treated as blocks and the number
of alligators seen was used as the response variable. Beginning in 1985, routes were
surveyed every three years rather than annually. Therefore only those surveys conducted
prior to 1985 were included in subsequent analyses.

RESULTS

Shorebirds

Numbers of black-bellied plovers (Figures IV.2, IV.3; Table IV. 1), willets (Figures
IV.4, IV.5, Table IV.2), sanderlings (Figures IV.6, IV.7; Table IV.3) and western
sandpipers (Figures IV.8, IV.9; Table IV.4) increased significantly based on both the
Shorebird Survey of Bolivar Flats and the CBC. The interaction between year and
count-area was significant for western sandpipers seen on the CBC. American avocets
(Figures IV. 10, IV. 11; Table IV.5) and dunlins (Figures IV. 10, IV. 12; Table IV.6)
showed no change in numbers based on the Shorebird Survey of Bolivar Flats; however,
both species increased based on the CBC.

Colonial Waterbirds

Tricolored herons showed a decrease in the total number of birds observed per year, an
increase in the number of colonies containing these birds, and a curvilinear trend in the
average number of birds per colony (Figure IV. 13, Table IV.7) based on the TCWS.
Tricolored herons showed no change in numbers based on the CBC (Figure IV. 14, Table
IV.7); however, the interaction between year and count-area was significant.

Based on the TCWS, snowy egrets (Figure IV. 15, Table IV.8), roseate spoonbills
(Figure IV. 17, Table IV.9), and black skimmers (Figure IV. 19, Table IV. 10) showed
a decrease in both the total number of birds and in the average number of birds per
colony. Black skimmers showed a curvilinear decrease in the average number of birds
per colony. Models describing the trend in the number of colonies containing these
species were not significant, indicating no change over time. Snowy egrets (Figure
IV. 16, Table IV.8) and roseate spoonbills (Figure IV. 18, Table IV.9) increased in
numbers based on the CBC, however the interaction between year and count-area was
significant for both species. Numbers of black skimmers did not change based on the
CBC (Figure IV.20, Table IV. 10).
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Figure IV.2. A. Number of black-bellied plovers per survey
(N=92) from 1980 to 1990 during Shorebird Surveys of Bolivar
Flats. B. Trend in black-bellied plovers from 1980 to 1990
during Shorebird Surveys of Bolivar Flats.
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Figure IV.3. A. The number of black—bellied plovers per count
(N = 92) from 1965 to 1989 during Christmas Bird Counts.
B. Trend in black-bellied plovers from 1965 to 1989 during
Christmas Bird Counts.

273



Figure IV.4. A. Number of willets per survey (N=72) from 1980
to 1990 during Shorebird Surveys of Bolivar Flats. B. Trend in
willets f rom I960 to 1990 during Shorebird Surveys of Bolivar
Flats.
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Figure IV.5. A. The number of willets per count (N = 92) from
1965 to 1989 during Christmas Bird Counts. B. Trend in
willets from 1965 to 1989 during Christmas Bird Counts.
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Figure IV.6. A. Number of sanderlings per survey (N=72) from
1980 to 1990 during Shorebird Surveys of Bolivar Flats. B. Trend
in sanderlings from 1980 to 1990 during Shorebird Survey of Bolivar
Flats.
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Figure IV.7. A. The number of sanderlings per count (N=92)
from 1965 to 1989 during Christmas Bird Counts. B. Trend
in sanderlings from 1965 to 1989 during Christmas Bird Counts.
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Figure IV.8. A. Number of western sandpipers per survey (N=72)
from 1980 to 1990 during Shorebird Surveys of Bolivar Flats.
B. Trend of western sandpipers from 1980 to 1990 during
Shorebird Surveys of Bolivar Flats.
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Figure IV.9. A. The number of western sandpipers per count
(N = 92) from 1965 to 1989 during Christmas Bird Counts.
B. Trend in western sandpipers from 1965 to 1989 during
Christmas Bird Counts.
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Figure IV. 10. A. Individual counts and mean number of American
avocets per survey from 1980 to 1990 during Shorebird Surveys
of Bolivar Flats. B. Individual counts and mean number of dunlins
per survey from 1980 to 1990 during Shorebird Surveys of Bolivar
Flats.
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Figure IV.11. A. The number of American avocets per count
(N=92) from 1965 to 1989 during Christmas Bird Counts.
B. Trend in American avocets from 1965 to 1989 during
Christmas Bird Counts.

281



Figure IV. 12. A. The number of dunlins per count (N=92) from
1965 to 1989 during Christmas Bird Counts. B. Trend in dunlins
from 1965 to 1989 during Christmas Bird Counts.
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Table IV.1. Analysis of variance table for black-bellied plovers.

r2

Bolivar Flats
Shorebird Surveys

Model (log) 0.25

Season

Year

Year*Season

Christmas Bird
Counts

Model (log) 0.72

Route

Miles

Year

Year*Route

Table IV. 2. Analysis of

r2

Bolivar Flats
Shorebird Surveys

Model (log) 0.15

Season

Year

Year*Season

Christmas Bird
Counts

Model (log) 0.78

Route

Miles

Year

Year*Route

df

4

3

1

3

5

3

1

1

3

variance

df

4

3

1

3

5

3

1

1

3

F P

5.71 <0

4.68 0

7.26 0

1.27 0

44.28 <0

62.04 <0

13.45 <0

23.12 <0

0.31 0

table for willets.

F P

2.85 0

0.90 0

8.00 0

1.92 0

62.75 <0

88.17 <0

10.41 0

34.00 <0

0.49 0

Parameter
Estimate

.001

.005

.009 0.17

.292

.001

.001

.001

.001 0.07

.821

Parameter
Estimate

.030

.444

.006 0.16

.135

.001

.001

.002

.001 0.08

.688
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Table IV.3. Analysis of variance table for sanderlings.

r2

Bolivar Flats
Shorebird Surveys

Model (log) 0.25

Season

Year

Year*Season

Christmas Bird
Counts

Model (log) 0.79

Route

Miles

Year

Year*Route

Table IV. 4. Analysis of

r2

Bolivar Flats
Shorebird Surveys

Model (log) 0.32

Season

Year

Year*Season

Christinas Bird
Counts

Model (log) 0.65

Route

Miles

Year

Year*Route

df

4

3

1

3

5

3

1

1

3

variance

df

4

3

1

3

5

3

1

1

3

F

5.56

5.89

4.94

0.97

65.11

96.97

6.16

18.90

0.37

Parameter
P Estimate

<0.001

0.001

0.030 0.10

0.413

<0.001

<0.001

0.015

<0.001 0.07

0.777

table for western sandpipers.

F

7.84

3.64

19.82

0.87

31.79

34.90

8.82

21.92

7.38

Parameter
P Estimate

<0.001

0.017

<0.001 0.47

0.462

<0.001

<0.001

0.004

<0.001 0.12

<0.001
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Table IV.5. Analysis of variance table for American avocets.

r2

Bolivar Flats
Shorebird Surveys

Model (log) 0.58

Season

Year

Year*Season

Christmas Bird
Counts

Model (log) 0.71

Route

Year

Year*Route

Table IV. 6. Analysis of

r2

Bolivar Flats
Shorebird Surveys

Model (log) 0.62

Season

Year

Year*Season

Christmas Bird
Counts

Model (log) 0.54

Route

Year

Year*Route

df

4

3

1

3

4

3

1

3

variance

df

4

3

1

3

4

3

1

3

Parameter
F P Estimate

23.02 <0.001

29.04 <0.001

1.84 0.180 0.16

0.89 0.449

53.74 <0.001

65.42 <0.001

13.36 <0.001 0.08

0.42 0.739

table for dunlins.

Parameter
F P Estimate

27.76 <0.001

34.69 <0.001

3.02 0.087 0.17

1.02 0.391

25.75 <0.001

30.64 <0.001

8.01 0.006 0.08

0.06 0.980
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Figure IV. 13. A. Trend in tricolored herons per year (N=18)
and the trend in numbers of colonies containing tricolored
herons from 1973 to 1990 during Texas Colonial Waterbird
Surveys. B. Individual colony counts and trend in tricolored
herons per colony from 1973 to 1990 (N=516) during Texas
Colonial Waterbird Surveys.
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Figure IV. 14. A. Individual counts and mean number of black-
crowned night herons per count (N=92) from 1965 to 1989
during Christmas Bird Counts. B. Individual counts and mean
number of tricolored herons per count (N=92) from 1965 to
1989 during Christmas Bird Counts.
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Figure IV.15. A. Trend in snowy egrets per year (N=18) and
the number of colonies containing snowy egrets from 1973 to
1990 during Texas Colonial Waterbird Surveys. B. Individual
colony counts and trend in snowy egrets per colony from 1973
to 1990 (N=516) during Texas Colonial Waterbird Surveys.
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Figure IV. 16. A. The number of snowy egrets per count
(N = 92) from 1965 to 1989 during Christmas Bird Counts.
B. Trend in snowy egrets from 1965 to 1989 during
Christmas Bird Counts.
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Figure IV.17. A. Total number of roseate spoonbills per year (N=18)
and the number of colonies containing roseate spoonbills from 1973
to 1990 during Texas Colonial Waterbird Surveys. B. Individual
colony counts and trend in roseate spoonbills per colony from 1973
to 1990 (N=516) during Texas Colonial Waterbird Surveys.
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Figure IV. 18. A. The number of roseate spoonbills per count
(N = 92) from 1965 to 1989 during Christmas Bird Counts.
B. Trend in roseate spoonbills from 1965 to 1989 during
Christmas Bird Counts.
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Table IV.7. Analysis of variance table for tricolored herons.

r2

TCWS - Total Birds

Model 0.27

Year

TCWS - Number of
Colonies

Model 0.44

Year

TCWS - Birds/Colony

Model O.O3

Year

Year2

Christinas Bird
Counts

Model 0.15

Route

Year

Year*Route

df

1

1

1

l

2

1

1

4

3

1

3

F P

5.83 0

5.83 0

12.46 0

12.46 0

8.53 <0

5.08 0

4.65 0

3.93 0

5.01 0

0.87 0

10.30 <0

Parameter
Estimate

.028

.028 -87.81

.003

.003 0.45

.001

.025 -143.13

.031 0.83

.006

.003

.354 -0.41

.001
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Table IV.8. Analysis of variance table for snowy egrets.

r2

TCWS - Total Birds

Model 0.28

Year

TCWS - Birds/Colony

Model O.O2

Year

Christinas Bird
Counts

Model (log) 0.26

Route

Miles

Year

Year*Route

Table IV. 9. Analysis of

r2

TCWS - Total Birds

Model 0.30

Year

TCWS - Birds/Colony

Model O.O2

Year

Christinas Bird
Counts

Model (log) 0.15

Route

Year

Year*Route

df

1

1

1

1

5

3

1

1

3

variance

df

1

1

1

1

4

3

1

3

Parameter
F P Estimate

6.33 0.023

6.33 0.023 -57.91

11.83 <0.001

11.83 <0.001 -3.91

6.11 <0.001

1.95 0.128

4.14 0.045

9.46 0.003 0.03

2.85 0.043

table for roseate spoonbills.

Parameter
F P Estimate

6.77 0.019

6.77 0.019 -28.51

9.51 0.002

9.51 0.002 -2.25

3.70 0.008

2.50 0.065

7.28 0.008 0.07

4.08 0.009
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Figure IV. 19. A. Trend in numbers of black skimmers per year
(N=1B) and the number of colonies containing black skimmers from
1973 to 1990 during Texas Colonial Waterbird Surveys. B. Individual
colony counts and trend in numbers of black skimmers per colony
from 1973 to 1990 (N=516) during Texas Colonial Waterbird Surveys.
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Figure IV.20. A. Individual counts and mean number of black
skimmers per count (N = 92) f rom 1965 to 1989 during Christmas
Bird Counts. B. Individual counts and mean number of fulvous
whistling ducks per count (N = 92) from 1965 to 1989 during
Christmas Bird Counts.
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Table IV.10. Analysis of variance table for black skimmers.

df
Parameter
Estimate

TCWS - Total Birds

Model 0.27 1

Year 1

TCWS - Birds/Colony

Model 0.07 1

Year 1

Year2 1

5.98

5.98

18.77

7.78

6.95

0.026

0.026 -95.08

<0.001

0.006 -120.90

0.009 0.70

Christmas Bird
Counts

Model (log)

Route

Year

Year*Route

0.62 35.70

47.56

0.10

0.37

<0.001

<0.001

0.758 -0.01

0.772

Olivaceous cormorants increased in total numbers and in number of colonies (Figure
IV.21, Table IV. 11), based on the TCWS. Models describing the mean number of birds
per colony were not significant. Numbers of birds seen on the CBC increased
significantly (Figure IV.22, Table IV. 11); however, the interaction between year and
count-area was significant.

Black-crowned night-herons and Forster's terns (Figures IV.23, IV.24; Tables IV. 12,
IV. 13) increased in number of colonies; however, no significant models were found to
describe changes in total birds or mean colony sizes based on the TCWS. Numbers of
both species increased based on the CBC (Figures IV. 14, IV.25; Tables IV. 12, IV. 13),
and the interaction term was significant for black-crowned night-herons.

The number of colonies containing great egrets showed a curvilinear trend and the mean
number of birds per colony decreased based on the TCWS (Figure IV.26, Table IV. 14).
Models showing changes in total number of individuals were not significant for the
TCWS; however, they showed an increase based on the CBC (Figure IV.27, Table
IV. 14).
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Table IV.11. Analysis of variance table for olivaceous cormorants.

r2

TCWS - Total Birds

Model 0.27

Year

TCWS - Number of
Colonies

Model 0.59

Year

Christinas Bird
Counts

Model (log) 0.75

Route

Year

Year*Route

Table IV. 12. Analysis of
herons.

r2

TCWS - Number of
Colonies

Model 0.29

Year

Christmas Bird
Counts

Model (log) 0.51

Route

Year

Year*Route

Parameter
df F P Estimate

1 5.87 0.028

1 5.87 0.028 40.24

1 23.39 <0.001

1 23.39 <0.001 0.37

4 66.13 <0.001

3 23.61 <0.001

1 187.60 <0.001 0.21

3 7.98 <0.001

variance table for black-crovmed night-

Parameter
df F P Estimate

1 6.57 0.021

1 6.57 0.021 0.17

4 22.26 <0.001

3 28.31 <0.001

1 3.46 0.066 0.04

3 5.11 0.003
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Figure IV.21. A. Trend in olivaceous cormorants per year (N=18)
and the trend in number of colonies containing olivaceous
cormorants from 1973 to 1990 during Texas Colonial Waterbird
Surveys. B. Individual colony counts and mean number of
olivaceous cormorants per colony from 1973 to 1990 (N = 516)
during Texas Colonial Waterbird Surveys.
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Figure IV.22. A. The number of olivaceous cormorants per
count (N = 92) from 1965 to 1989 during Christmas Bird Counts.
B. Trend in olivaceous cormorants from 1965 to 1989 during
Christmas Bird Counts.
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Figure IV.23. A. Total number of black-crowned night-herons per
year (N=1B) and the trend in number of colonies containing black-
crowned night-herons from 1973 to 1990 during Texas Colonial
Waterbird Surveys. B. Individual colony counts and mean number
of black-crowned night-herons per colony from 1973 to 1990
(N=516) during Texas Colonial Waterbird Surveys.
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Table IV.13. Analysis of variance table for Forster's terns.

r2

TCWS - Number of
Colonies

Model 0.50

Year

Christinas Bird
Counts

Model (log) 0.62

Route

Year

Year*Route

Table IV. 14. Analysis of

r2

TCWS - Number of
Colonies

Model 0.44

Year

Year2

Year3

TCWS - Birds/Colony

Model 0.01

Year

Christmas Bird
Counts

Model (log)

Route

Year

Year*Route

Parameter
df F P Estimate

1 15.90 0.001

1 15.90 0.001 0.72

4 35.33 <0.001

3 37.24 <0.001

1 25.82 <0.001 0.07

3 1.56 0.205

variance table for great egrets.

Parameter
df F P Estimate

3 3.65 0.039

1 6.47 0.023 190.18

1 6.31 0.025 -2.31

1 6.15 0.027 0.01

1 4.23 0.040

1 4.23 0.040 -2.35

0.21 4 5.83 <0.001

3 5.92 0.001

1 5.84 0.018 0.02

3 1.53 0.212
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Figure IV.24. A. Total number of Forster's terns per year (N=18)
and the trend in number of colonies containing Forster's terns
from 1973 to 1990 during Texas Colonial Waterbird Surveys.
B. Individual colony counts and mean number of Forster's terns
per colony from 1973 to 1990 (N=516) during Texas Colonial
Waterbird Surveys.
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Figure IV.25. A. The number of Forster's terns per count
(N=92) from 1965 to 1989 during Christmas Bird Counts.
B. Trend in Forster's terns from 1965 to 1989 during
Christmas Bird Counts.
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Figure IV.26. A. Total number of great egrets per year (N=18)
and the trend in number of colonies containing great egrets
from 1973 to 1990 during Texas Colonial Waterbird Surveys.
B. Individual colony counts and mean number of great egrets
per colony from 1973 to 1990 (N=516) during Texas Colonial
Waterbird Surveys.
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Figure IV.27. A. The number of great egrets per count (N = 92)
from 1965 to 1989 during Christmas Bird Counts. B. Trend
in great egrets from 1965 to 1989 during Christmas Bird Counts.
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Results from the detrended correspondence analysis of the 22 species included in the
TCWS from 1973 to 1990 indicated that the structure of the colonial waterbird
community has changed over the sample period. A plot of the ordination scores for
sample years (Figure IV.28B) showed increasing separation of later years from early
years. A plot of the species scores (Figure IV.28A) indicated that least terns (Sterna
antillarum) and anhingas (Anhinga) had distinct distribution patterns relative to the other
species. Further examination of their nesting habits indicate that these birds rarely co-
occur with other colonial waterbird species. The remaining species showed little
separation and could not be interpreted meaningfully.

Waterfowl

Merganser spp. (Figure IV.29, 30; Table IV. 15) showed a significant decrease based on
the MWCC and an increase based on the CBC.

The number of American coots did not change significantly based on the MWT (Figure
IV.31, Table IV.16) and the CBC (Figure IV.32, Table IV.16); however, the interaction
between year and count-area was significant based on the CBC. Adequate models of
population trends could not be developed from the MWCC (Figure IV.53).

Numbers of green-winged teal, northern shovelers, and American wigeons have not
changed significantly over the sampling period based on both the MWT and the CBC
(Figures IV. 31-IV. 35, Tables I V.I 7-1 V.I 9). The interaction between year and count-
area was significant for northern shovelers based on the CBC, and the interaction
between year and transect was significant for American wigeons based on the MWT.

Mallards and gadwalls showed no change in numbers based on the MWT (Figures
IV.35, IV.36; Tables IV.20, IV.21). Models based on the CBC indicate that mallards
are increasing linearly and gadwalls are increasing curvilinearly (Figures IV.33, IV.37;
Tables IV.20, IV.21).

Numbers of mottled ducks and northern pintails decreased significantly based on the
MWT (Figures IV.38, IV.40; Tables IV.22, IV.23); however, the interaction between
year and transect was significant for both species. Alternately, numbers of mottled
ducks increased linearly and numbers of northern pintails increased curvilinearly based
on the CBC (Figures IV.39, IV.41; Tables IV.22, IV.23). The interaction between year
and count-area was significant for mottled ducks.

Blue-winged teal showed a curvilinear decrease based on the MWT (Figures IV.42,
Table IV.24). This species increased linearly based on the CBC (Figures IV.43, Table
IV.24).

Scaup spp., ruddy ducks, bufflehead, and wood ducks (Aix sponsa) increased linearly
and ring-necked ducks increased curvilinearly based on the CBC (Figures IV.44-1V.48,
Tables IV.25-IV.29). The interaction between year and count-area was significant for
bufflehead and wood ducks. Adequate models of these species could not be developed
from MWCC (Figures IV.52, IV.53).
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Figure IV.28. A. A plot of the ordination scores of colonial
waterbird species surveyed from 1973 to 1990 (N=18).
B. A plot of the ordination scores of the sample years for
Texas Waterbird Colonies from 1973 to 1990 (N=18).
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Figure IV.29 Individual counts and trend in merganser spp from
1986 to 1991 (N=18) during Mid-winter Waterfowl Cruise Counts.

Table IV.15. Analysis of variance table for merganser spp.

Parameter
r df F P Estimate

Mid-winter Waterfowl
Cruise Counts

Model 0.73 1 10.59 0.031

Year 1 10.59 0.031 -431.37

Christmas Bird
Counts

Model (log) 0.64 4 39.11 <0.001

Route 3 28.80 <0.001

Year 1 64.65 <0.001 0.16

Year*Route 3 1.95 0.128

308



Figure IV.30. A. The number of mergansers spp. per
count (N=92) from 1965 to 1989 during Christmas Bird
Counts. B. Trend in mergansers from 1965 to 1989
during Christmas Bird Counts.
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Figure IV.31. A. Individual counts and mean number of American
wigeons per transect f rom 1986 to 1991 (N=18) during Mid-
winter Waterfowl Transects. B. Individual counts and mean
number of American coots per transect from 1986 to 1991
(N=18) during Mid-winter Waterfowl Transects.
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Figure IV.32. A. Individual counts and mean number of northern
shovelers per count (N = 92) f rom 1965 to 1989 during Christmas Bird
Counts. B. Individual counts and mean number of American coots
per count (N = 92) f rom 1965 to 1989 during Christmas Bird Counts.
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Figure IV. 33. A. Individual counts and mean number of green-
winged teal per transect from 1986 to 1991 (N=18) during
Mid-winter Waterfowl Transects. B. Individual counts and mean
number of mallards per transect from 1986 to 1991 (N=18)
during Mid-winter Waterfowl Transects.
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Figure IV.34. A. Individual counts and mean number of green—winged
teal per count (N=92) from 1965 to 1989 during Christmas Bird
Counts. B. Individual counts and mean number of American wigeons
per count (N=92) from 1965 to 1989 during Christmas Bird Counts.
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Figure IV.35. A. Individual counts and mean number of northern
shovelers per transect from 1986 to 1991 (N=1B) during Mid-
winter Waterfowl Transects. B. Individual counts and mean number
of gadwalls per transect from 1986 to 1991 (N=1B) during Mid-
winter Waterfowl Transects.
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Table IV.16. Analysis of variance table for American coots.

r2

Mid-winter
Waterfowl Transects

Model (log) 0.21

Transect

Year

Year*Transect

Christmas Bird
Counts

Model (log) 0.12

Route

Miles

Year

Year*Route

Table IV. 17. Analysis of

r2

Mid-winter
Waterfowl Transects

Model (log) 0.93

Transect

Year

Year*Transect

Christmas Bird
Counts

Model (log) 0.30

Route

Year

Year*Route

df

3

2

1

2

5

3

1

1

3

variance

df

3

2

1

2

4

3

1

3

Parameter
F P Estimate

16.69 <0.001

24.83 <0.001

0.42 0.527 -0.10

0.24 0.790

2.30 0.051

3.58 0.017

6.80 0.011

0.47 0.497 0.01

5.74 0.001

table for green-winged teal.

Parameter
F P Estimate

62.69 <0.001

93.47 <0.001

1.12 0.307 -0.15

0.30 0.743

9.36 <0.001

12.47 <0.001

0.15 <0.702 0.01

2.41 0.073
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Table IV.18. Analysis of variance table for northern shovelers.

r2

Mid-winter
Waterfowl Transects

Model (log) 0.94

Transect

Year

Year*Transect

Christmas Bird
Counts

Model (log) 0.36

Route

Year

Year*Route

Table IV. 19. Analysis of

r2

Mid-winter
Waterfowl Transects

Model (log) 0.71

Transect

Year

Year*Transect

Christmas Bird
Counts

Model (log) 0.13

Route

Miles

Year

Year*Route

df

3

2

1

2

4

3

1

3

variance

df

3

2

1

2

5

3

1

1

3

Parameter
F P Estimate

69.04 <0.001

103.10 <0.001

0.93 0.350 0.11

1.90 0.192

12.49 <0.001

16.51 <0.001

0.35 0.554 -0.01

3.37 0.022

table for American wigeons.

Parameter
F P Estimate

11.39 <0.001

15.48 <0.001

3.19 0.096 -0.30

5.03 0.026

2.65 0.028

3.71 0.014

5.00 0.028

1.82 0.181 -0.03

1.07 0.366
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Figure IV.36. A. The number of mallards per count (N=92)
from 1965 to 1989 during Christmas Bird Counts. B. Trend
in mallards from 1965 to 1989 during Christmas Bird Counts.
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Table IV.20. Analysis of variance table for mallards.

r2

Mid-winter
Waterfowl Transects

Model (log) 0.90

Transect

Year

Year*Transect

Christinas Bird
Counts

Model (log) 0.30

Route

Year

Year*Route

Table IV. 21. Analysis of

r2

Mid-winter
Waterfowl Transects

Model (log) 0.95

Transect

Year

Year*Transect

Christmas Bird
Counts

Model (log) 0.30

Route

Miles

Year

Year2

Year*Route

df

3

2

1

2

4

3

1

3

variance

df

3

2

1

2

6

3

1

1

1

3

F

43.01

63.09

2.86

1.65

9.42

9.09

12.60

0.88

table for

F

84.78

126.83

0.68

0.64

5.95

11.51

9.81

4.05

4.05

1.83

Parameter
P Estimate

<0.001

<0.001

0.113 -0.20

0.233

<0.001

<0.001

<0.001 0.06

0.457

gadwalls.

Parameter
P Estimate

<0.001

<0.001

0.425 -0.08

0.544

<0.001

<0.001

0.002

0.047 -0.95

0.047 0.01

0.148
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Figure IV.37. A. The number of gadwalls per count (N=92)
from 1965 to 1989 during Christmas Bird Counts. B. Trend
in gadwalls from 1965 to 1989 during Christmas Bird Counts.
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Figure IV.38. Individual counts and trend in mottled ducks
from 1986 to 1991 (N=18) during Mid-winter Waterfowl
Transects.

Table IV.22. Analysis of variance table for mottled ducks.

r2

Mid-winter
Waterfowl Transects

Model 0.74

Transect

Year

Year*Transect

Christmas Bird
Counts

Model (log) 0.26

Route

Year

Year*Route

df

3

2

1

2

4

3

1

3

Parameter
F P Estimate

13.15 <0.001

14.88 <0.001

9.68 0.008

5.44 0.021

7.83 <0.001

8.30 <0.001

6.98 0.009

5.48 0.002

-5.11

0.04
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Figure IV.39. A. Number of mottled ducks per count
(N=92) from 1965 to 1989 during Christmas Bird Counts.
B. Trend in mottled ducks from 1965 to 1989 during
Christmas Bird Counts.
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Year

Figure IV.40. A. The numbers of northern pintails per transect
from 1986 to 1991 (N=18) during Mid-winter Waterfowl Transects
B. Trend in northern pintails from 1986 to 1991 (N=18) during
Mid-winter Waterfowl Transects.
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Figure IV.41. A. Number of northern pintails per count (N = 92)
from 1965 to 1989 during Christmas Bird Counts. B. Trend in
northern pintails from 1965 to 1989 during Christmas Bird Counts,
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Figure IV.42. A. The numbers of blue-winged teal per transect
from 1986 to 1991 (N=18) during Mid-winter Waterfowl Transects
B. Trend in blue-winged teal from 1986 to 1991 (N=18) during
Mid-winter Waterfowl Transects.
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Figure IV.43. A. The number of blue—winged teal per count
(N = 92) from 1965 to 1989 during Christmas Bird Counts.
B. Trend in blue-winged teal from 1965 to 1989 during
Christmas Bird Counts.

325



Table IV.23. Analysis of variance table for northern pintails.

r2

Mid-winter
Waterfowl Transects

Model (log) 0.98

Transect

Year

Year*Transect

Christinas Bird
Counts

Model (log) 0.44

Route

Year

Year2

Year3

Year*Route

Table IV. 24. Analysis of

r2

Mid-winter
Waterfowl Transects

Model (log) 0.69

Transect

Year

Year2

Year*Transect

Christmas Bird
Counts

Model (log) 0.37

Route

Year

Year*Route

df

3

2

1

2

7

3

1

1

1

3

variance

df

4

2

1

1

2

4

3

1

3

F

189.77

280.01

9.30

7.93

9.46

19. 32

4.85

5.02

5.16

1.26

table for

F

7.23

11.43

6.07

6.07

0.00

12.74

11.70

14.72

0.58

Parameter
P Estimate

<0.001

<0.001

0.008

0.006

<0.001

<0.001

0.030

0.028

0.026

0.293

blue-winged

P

0.003

0.001

0.029

0.029

0.995

<0.001

<0.001

<0.001

0.631

-0.26

22.85

-0.30

0.00

teal.

Parameter
Estimate

49.89

-0.28

0.08
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Figure IV.44. A. The number of scaup spp. per count (N = 92)
from 1965 to 1989 during Christmas Bird Counts. B. Trend
in scaup spp. from 1965 to 1989 during Christmas Bird Counts.
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Table IV.25. Analysis of variance table for scaup spp.

r2

Christmas Bird
Counts

Model (log) 0.23

Route

Miles

Year

Year*Route

Table IV. 26. Analysis of

r2

Christmas Bird
Counts

Model (log) 0.58

Route

Miles

Year

Year*Route

Table IV. 27. Analysis of

r2

Christmas Bird
Counts

Model (log) 0.65

Route

Miles

Year

Year*Route

df

5

3

1

1

3

variance

df

5

3

1

1

3

variance

df

5

3

1

1

3

Parameter
F P Estimate

5.05 <0.001

2.22 0.092

6.66 0.012

4.91 0.029 0.06

2.38 0.076

table for ruddy ducks.

Parameter
F P Estimate

24.01 <0.001

12.45 <0.001

3.85 0.054

3.79 0.055 0.05

1.41 0.246

table for buff leheads.

Parameter
F P Estimate

32.55 <0.001

6.72 <0.001

13.80 <0.001

33.69 <0.001 0.10

3.21 0.027
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Figure IV.45. A. The number of ruddy ducks per count (N=92)
from 1965 to 1989 during Christmas Bird Counts. B. Trend
in ruddy ducks from 1965 to 1989 during Christmas Bird Counts.
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Figure IV.46. A. The number of buffleheads per count (N = 92)
from 1965 to 1989 during Christmas Bird Counts. B. Trend in
buffleheads from 1965 to 1989 during Christmas Bird Counts.
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Figure IV.47. A. The number of wood ducks per count (N=92)
from 1965 to 1989 during Christmas Bird Counts. B. Trend in
wood ducks from 1965 to 1989 during Christmas Bird Counts.
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Figure IV.48. A. The number of ring—necked ducks per count
(N = 92) from 1965 to 1989 during Christmas Bird Counts.
B. Trend in ring-necked ducks from 1965 to 1989 during
Christmas Bird Counts.
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Table IV.28. Analysis of variance table for wood ducks

r2

Christinas Bird
Counts

Model (log) 0.73

Route

Miles

Year

Year*Route

Table IV. 29. Analysis of

r2

Christinas Bird
Counts

Model (log) 0.33

Route

Miles

Year

Year2

Year*Route

rs of canvasbacks and fulvous

Parameter
df F P Estimate

5 49.69 <0.001

3 55.88 <0.001

1 4 .25 0.042

1 22.55 <0.001 0.06

3 9.93 <0.001

variance table for ring-necked ducks.

Parameter
df F P Estimate

6 7.07 <0.001

3 7.03 <0.001

1 7.65 0.007

1 4 .82 0.031 -1.42

1 5 .43 0 .022 0.01

1 0.30 0.586

whistline-ducks (Dendrocvena bicolor) did
significantly based on the CBC (Figures IV.49, IV.20; Tables IV.30, IV.31). Sightings
of fulvous whistling-ducks were rare on the CBC and absent from the MWCC. The
interaction between year and count-area was significant for canvasbacks based on the
CBC. Satisfactory models of canvasback population trends could not be developed from
the MWCC (Figure IV.52). Similarly, models could not be developed to adequately
describe the variation in numbers of redheads from the MWCC or the CBC (Figure
IV.49, IV.52).

Passerines

Numbers of red-winged blackbirds did not change significantly over the sampling period
based on the North American Breeding Bird Survey; however, the interaction between
year and routes was significant (Figure IV.50, Table IV.32).
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Table IV.30. Analysis of variance table for canvasbacks.

r2

Christmas Bird
Counts

Model (log) 0.24

Route

Miles

Year

Year*Route

df

5

3

1

1

3

Table IV. 31. Analysis of variance
ducks .

r2

Christinas Bird
Counts

Model (log) 0.14

Route

Year

Year*Route

Table IV. 32. Analysis of

r2

North American
Breeding Bird
Survey

Model 0.21

Route

Year

Year*Route

df

4

3

1

3

F

5.31

6.83

12.69

1.41

2.70

table for

F

3.44

3.84

2.52

2.53

Parameter
P Estimate

<0.001

<0.001

<0.001

0.238 -0.03

0.051

fulvous whistling

Parameter
P Estimate

0.012

0.012

0.116 0.01

0.063

variance table for red-winged blackbirds.

df

2

1

1

1

F

4.23

4.82

0.83

5.86

Parameter
P Estimate

0.024

0.036

0.370 0.09

0.022
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Figure IV.49. A. Individual counts and mean number of canvas-
backs per count (N=92) from 1965 to 1989 during Christmas Bird
Counts. B. Individual counts and mean number of redheads per
count (N = 92) from 1965 to 1989 during Christmas Bird Counts.
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Figure IV.50. A. Mean numbers of red-winged blackbirds per
stop (N = 33) from 1967 to 1989 during North American Breeding
Bird Surveys. B. Mean numbers of boat-tailed and great-tailed
grackles per stop (N=9) from 1967 to 1989 during North American
Breeding Bird Surveys.
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No models were developed to adequately describe the variation in counts of great-tailed
grackles and boat-tailed grackles among years based on the North American Breeding
Bird Survey (Figure IV.50).

Alligators

Night-counts of alligators from 1971-1984 indicated a curvilinear increase in numbers
with the lowest counts occurring in the late 1970s (Figure IV.51, Table IV.33). The
interaction between year and location was significant. Satisfactory models could not be
developed to explain the variation in numbers of nests from 1979-1983; however, night-
counts of alligators over this same period indicated stable numbers (Figure IV.51, Table
IV.33).

DISCUSSION

Data set validity

The usefulness of data sets for monitoring selected vertebrate resources in the Galveston
Estuary area was dependent primarily on the sampling design, sampling consistency
among years, temporal coverage, and spatial coverage.

Table IV.33. Analysis of variance table for American alligators.

Parameter
r2 df F P Estimate

Alligator Night
Counts (1979-83)

Model (log) 0.61 3 5.72 0.013

Route 2 6.56 0.013

Year 1 4.06 0.069 5.60

Year*Route 2 6.64 0.017

Alligator Night
Counts (1971-84)

Model (log) 0.52 4 9.56 <0.001

Route 2 13.78 <0.001

Year 1 9.93 0.003 -87.41

Year2 1 10.06 0.003 0.57

Year*Route 2 6.13 0.005
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Figure IV.51. A. Number of alligators per route and alligator
nests per transect from 1979 to 1983 during Alligator Surveys
B. Trend in alligators per route from 1971 to 1984 during
Alligator Surveys.
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Figure IV.52. A. Total number of canvasbacks and ring-
necked ducks from 1986 to 1991 (N = 6) during Mid-winter
Waterfowl Cruise Counts. B. Total number of redheads
and buf f leheads from 1986 to 1991 (N = 6) during Mid-winter
Waterfowl Cruise Counts.
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Figure IV.53. A. Total number of lesser scaups and American
coots from 1986 to 1991 (N = 6) during Mid-winter Waterfowl Cruise
Counts. B. Total number of ruddy ducks from 1986 to 1991 (N = 6)
during Mid-winter Waterfowl Cruise Counts.
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The sampling design of the TCWS is moderately systematic but does not include a
measure of observer effort. Therefore variation due to observer effort cannot be
accounted for with statistical models. However, if the variation in sampling effort is low
among years, including it in analyses may do little to increase the models' antecedent
performance. The TCWS was conducted by experienced participants in the same manner
throughout the sampling period, and it provided adequate temporal and spatial coverage
of all nesting colonial waterbirds. The ephemeral nature of colonies and the tendency
of some colonies to shift within the Galveston Estuary did not allow the analyses
conducted in this study to isolate and account for spatial distributions of colonial
waterbirds. However, because the TCWS provided information on colonies as sampling
units, analyses of colony attributes as well as bird numbers were possible. This added
information on colony structure complemented observed changes in species populations
and may be valuable for future monitoring.

Despite the highly systematic nature of the North American Breeding Bird Survey,
consistency among years, and adequate temporal coverage, it was not appropriate for
monitoring changes in bird populations of the Galveston Estuary. This was due to the
limited contact between the survey routes and the marine system, thereby resulting in
few sightings of birds associated with the Galveston Estuary.

The two sampling schemes included within the Mid-winter Waterfowl Survey differed
in their usefulness as annual indices. The MWT was conducted in a consistent manner
each year with qualified people surveying the same pre-established routes. This
systematic sampling scheme resulted in data with little extraneous variation. Reducing
unwanted variation through design and consistent sampling, rather than statistical force,
produced more reliable models. The primary weakness of the MWT was that all data
from this survey were difficult to obtain and data prior to 1986 were completely
unavailable. If data were available for the years prior to 1986, the MWT would be a
more valuable source for monitoring waterfowl of the Galveston Estuary. Conversely,
the MWCC was difficult to analyze and provided little information about waterfowl in
the open waters of the Estuary. Difficulties with the MWCC resulted from lack of a
systematic sampling scheme and a defined measure of unit effort for given locations.
As with the MWT, the data from the MWCC were not available for all years of the
survey.

The long temporal coverage of the CBC provided a unique opportunity to evaluate long-
term changes in bird populations. The CBC also included measures of observer effort
for specific count-locations which could be accounted for in statistical models even
though observer effort varied. Although it was possible to include variation due to
count-area and observer effort in all models, other sources of variation could not be
explained. All CBC participants are volunteers and most are amateur bird watchers
rather than scientists. CBC participation nationwide is increasing (Butcher 1990).
Likewise, participant bird-identification skills are improving because of better optical
equipment, field guides, and identification tips (Butcher 1990). Although the CBC
count-areas include approximately the same area each year, observers can vary coverage
within an area by concentrating on better habitats. Similarly, as habitats are lost at an
increasing rate, birds may become concentrated in the remaining habitats. As a result
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of these inherent biases, the CBC is probably most useful for examining trends over
large areas with many count-areas (Bock and Root 1981). However, for the Galveston
Estuary area, the CBC provided easily accessible data over a long time period, and it
offered corroborative evidence of trends based on other data sets.

The Bolivar Flats Shorebird Surveys were readily available and were in a form
conducive to data analysis. The multiple surveys conducted each year increased the
reliability of annual population estimates, and because surveys were always conducted
in the same area, there was no bias due to location. The most significant weakness of
the survey was that it covered a small geographic area; therefore, it did not provide
information on spatial distributions of birds of the Galveston Estuary. Hence, changes
in populations of species cannot be tied to system-wide enhancements or deteriorations
of habitat quality. Further, surveys were conducted at irregular intervals throughout the
year which increased unwanted temporal sampling biases and reduced the power of
models. Some of this variation was accounted for by treating seasons as blocks.

The survey design of the Alligator Nest Count allowed data to be collected in a
systematic fashion with the same annual observer effort and geographic coverage. The
primary problem in analyzing this survey was that the number of transects varied among
years. Variation among years was considered in the analyses by standardizing for the
number of transects flown. However, information about individual transects was
consequently obscured and the number of sample values was reduced to one per year.
More reliable indices could be developed by sampling the same transects each survey.
The alligator night-count survey provided information by location which was then
included in all models. Participants made an effort to standardize each survey according
to equipment and methodology, thereby further reducing unwanted variation. Although
Potter (1981) reported biases related to habitat and other unknown variables, if these
factors were consistent among years they would have little effect on annual changes in
indices values. The three-year survey interval currently used by TPWD will provide
useful data for monitoring alligator populations in the future. However, the three-year
interval will require a longer period to detect population changes than the previous one-
year interval.

Ideally, surveys designed to monitor population changes should be sufficiently sensitive
to detect real changes in numbers and sufficiently cost-effective to be conducted in the
same manner over a long period. Sampling consistency among years is an important
factor, because lack of consistency cannot be addressed easily during subsequent
analyses. Observer effort does not have to be addressed if it remains constant among
surveys; however, if observer effort varies, it should be recorded and included in
analyses. To ensure adequate coverage of a wide variety of habitats, permanent transects
or plots should be established either randomly or systematically, and distributed spatially
throughout the Galveston Estuary area. These permanent plots or transects should be
surveyed repeatedly so that spatial differences can be accounted for in statistical models.
Transects or plots can be surveyed from aircraft, if target organisms are conspicuous and
relatively large (e.g. waterfowl, colonial waterbirds, or alligator nests), and from boats
or on foot for more inconspicuous organisms such as shorebirds and alligators. Surveys
should also reflect adequate temporal coverage and should be conducted on a regular
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basis throughout the period that target-organisms are present. More than one survey
should be conducted during each sampling year, however, surveys need not be conducted
annually. Conducting surveys less frequently decreases their overall cost, but increases
the amount of time required to detect real population changes.

Although the criteria outlined above represent guidelines to develop surveys for
monitoring selected vertebrates in the Galveston Estuary area, the decision to use existing
surveys or to initiate new surveys must also consider the availability of human resources
and funds. These decisions are best made by appropriate resource managers who can
evaluate the costs and benefits of future monitoring for each group of organisms in
question.

Trend Analysis

Several groups of birds showed similar trends across independent data bases, thereby
providing corroborative support for the results. Most of the shorebird species examined
in this study exhibited an increase based on both the Bolivar Flats Shorebird Surveys and
the CBC. The exceptions were the American avocets and dunlins which did not show
a population change based on the Bolivar Flats Shorebird Surveys. American wigeons,
green-winged teal, northern shovelers, and American coots showed no change in
numbers based on both the CBC and MWT. Numbers of olivaceous cormorants
increased in total numbers based on the CBC and TCWS, and they increased in the total
number of colonies based on the TCWS. Increases in cormorant numbers across Texas
have been reported previously by Morrison and Slack (1977). Forster's terns and black-
crowned night-herons increased in numbers of colonies based on the TCWS and
increased in total numbers based on the CBC.

Snowy egrets, black skimmers, tricolored herons, and roseate spoonbills showed a
decreasing trend in total numbers based on the TCWS, and either a stable or increasing
trend based on the CBC. Data on colony characteristics from the TCWS indicated a
decrease in the number of birds per colony for tricolored herons, snowy egrets, great
egrets, roseate spoonbills, and black skimmers. Although this trend does not explicitly
represent a population decline, it suggests that distributions of some colonial waterbirds
are changing. This notion is further supported by the ordination of TCWS colony counts
which indicated a change in the structure of the colonial waterbird community from 1973
to 1990.

Mottled ducks, northern pintails, and blue-winged teal decreased based on the MWT and
reflected a national trend which has recently caused much concern (U.S. Fish and
Wildlife Service 1986). Counts of these birds increased based on the CBC. Similarly,
mergansers spp. decreased based on the MWCC and increased based on the CBC.

Models developed from the CBC for ring-necked ducks and scaup spp. should be
interpreted cautiously. These models were based on extreme distributions which
included several large counts. The large count values did not represent data entry errors
and therefore could not be justifiably deleted from subsequent analyses.
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A number of species showed conflicting trends between data bases. Models for several
of these species had significant interactions and were difficult to evaluate because spatial
effects within the Galveston Estuary may have confounded any trend on a "system"
level. Additional analyses to determine trends among geographic areas within the
Galveston Estuary would be necessary to clearly interpret these interactions.

In addition, the CBC showed an increase in populations of some species of waterfowl
(e e mottled ducks, northern pintails) and colonial waterbirds (e.g. snowy egrets, roseate
spoonbills) while the TCWS and the MWT showed decreases. The two possible
explanations for these discrepancies are (1) both trends are accurate but represent
different populations of birds (i.e., breeding and wintering), or (2) trends from one data
base are not accurate. Data on the ranges of birds in North America (Root 1988)
indicate that coastal southeastern Texas receives an influx of colonial waterbirds during
the winter season. The migration status of breeding colonial waterbirds in the Galveston
Estuary area is less well known and there is no indication that breeding populations are
made up of resident birds. Therefore, we feel that apparently conflicting trends for the
TCWS and the CBC may actually reflect real trends for two distinct populations. The
case for waterfowl is less clear because both data sets were collected during the winter
period though during different months. Given that the MWT has a more systematic
design than does the CBC, we feel that it more accurately reflects true population trends.

The overall health of the Galveston Estuary is dependent on the interactions among all
individual components that comprise the system. A change in abundance of a species
or a group of species may indicate a change in the overall health of a system; however,
the converse is not necessarily true, and the absence of a population change alone is not
evidence that a system is healthy. As discussed previously, the spatial differences and
conflicting abundance trends evident from different data bases examined in this study
make a definitive conclusion about population trends difficult. Therefore a subjective
summary of all trend analyses in light of the weaknesses of each data base consists of
four generalizations: (1) populations of American alligators and the six shorebird species
examined in this study appear to be stable or increasing; (2) mottled ducks, northern
pintails, and blue-winged teal seem to be declining; (3) with the exception of olivaceous
cormorants, colonial waterbirds appear to be declining in both numbers of individuals
and mean colony size; (4) olivaceous cormorants show the opposite trend and appear to
be increasing in numbers.

Although it was directed that this study not examine population trends of brown pelicans
(Pelecanus occidentalism, reddish egrets (Kgretta rufescens). and piping Plovers
(Charadrius melodus). these species were recorded in several data bases and could be
analyzed in future studies. Brown pelicans were reported frequently on the CBC and
rarely on the TCWS and Shorebird Survey of Bolivar Flats. Piping plovers were seen
commonly on both the CBC and the Shorebird Surveys of Bolivar Flats. Reddish egrets
were reported infrequently on the CBC, TCWS, and the Shorebird Survey of
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V. CHARACTERIZATION OF PLANKTON
FROM THE GALVESTON ESTUARY

Edward Buskey and Keith Schmidt

INTRODUCTION

Phytoplankton, the small, single-celled algae that drift with the motion of the currents,
are the most widespread group of autotrophic organisms in the nation's estuaries. They
contribute substantially to estuarine productivity in all systems, although their importance
compared to seagrasses, marsh grasses and algal macrophytes varies from estuary to
estuary. Phytoplankton provide a major direct food source for both the pelagic and
benthic food chains in estuaries.

The gross primary productivity of estuarine phytoplankton is regulated by the amount
of light and nutrients available, and to a lesser extent by the temperature of the system.
In temperate estuaries, the reduced availability of light and decreased temperatures will
limit phytoplankton productivity in the winter, allowing nutrient concentrations to
increase. When daylengths increase in the spring and water temperatures begin to
warm, a spring bloom of phytoplankton usually occurs, taking advantage of the winter
surplus of nutrients and the reduction in grazing pressure from lowered zooplankton
populations. A fall phytoplankton bloom also occurs often (Gushing 1959).

In the warm temperate estuaries of Texas, including the Galveston Estuary, the distinct
seasonal patterns of cold temperate estuaries are less evident and are often characterized
by an increased importance of nanoplankton (Marsh 1974). For example, in Terminos
Lagoon, Mexico, peak production and chlorophyll concentrations occur during the period
of high river discharge in the fall (Day et al. 1982). The effects of light and temperature
on productivity are also less predictable. In very turbid estuaries, the availability of light
may limit the productivity of an estuary (e.g. Harding et al. 1986), but in most cases,
availability of nutrients will have the greatest effect on estuarine productivity, and
nitrogen is the nutrient most often thought to limit estuarine phytoplankton productivity
(Day et al. 1987). Phytoplankton production in Texas estuaries is characterized by series
of small blooms throughout the year that are extremely variable in spatial and temporal
distribution (Stockwell 1989).

Phytoplankton populations are often subdivided based on their size. Cells retained on
a 20 fj.m mesh are referred to as net plankton or microplankton, while those that pass
through the mesh are referred to as nanoplankton (Malone 1980). In most temperate
estuaries, nanoplankton may dominate the estuarine phytoplankton assemblage
numerically, but net plankton usually dominate the phytoplankton biomass (Day et al.
1987). In Texas estuaries, nanoplankton often dominate the phytoplankton assemblage
both numerically and in terms of biomass (Stockwell 1989). The relative proportion
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of nanoplankton and net plankton may have important implications for trophic transfer
of primary production. Net plankton, including diatoms and dinoflagellates, are within
the preferred food size range for mesozooplankton grazers such as copepods, which are
important trophic links to fish and other tertiary consumers within the estuary.
Nanoplankton are grazed primarily by the smaller zooplankton, the microzooplankton
(20 - 200 /xm length) which consist mainly of protozoans, rotifers and copepod nauplii.
Microzooplankton may graze as much as 90 percent of the nanophytoplankton standing
stock per day in south Texas estuaries, while mesozooplankton such as copepods may
graze less than 5 percent of the net phytoplankton standing stock per day (Stockwell and
Buskey in preparation).

Populations of zooplankton also exhibit population fluctuations that vary unpredictably
both spatially and temporally in Texas estuaries. However, some predictable changes
in zooplankton populations can be found to correlate with regions of known ranges of
salinity. In addition, periods of extensive flushing of Texas estuaries are often followed
by large increases in zooplankton populations (Buskey 1989). The factors controlling
population abundance of zooplankton in Texas estuaries remain incompletely understood,
and a combination of food limitations on population growth during some parts of the
year, and of control by predators such as ctenophores, probably each contribute some
regulatory effects on zooplankton populations (Day et al. 1987).

The purpose of this report is to summarize the published studies on phytoplankton and
zooplankton in the Galveston Estuary. Before this project had begun, it was determined
that there was insufficient long term data on plankton in the Galveston Estuary to attempt
trend analysis. Information on phytoplankton species diversity, biomass and primary
production, along with information on zooplankton species diversity and abundance, is
summarized. This information is compared to similar data on other Texas and United
States estuaries where available. Recommendations for a long term monitoring program
are made. A bibliography of all Galveston Estuary plankton studies and an annotated
bibliography of the major studies and publications are available in the GBNEP
Information Center.

Figures V.1-V.3 show the temporal distribution of phytoplankton, zooplankton, and
combined studies respectively, from 1950 to 1990. Most of the studies were done during
the 1970s, fewer were done during the 1980s and no studies have been carried out since
1985. Many studies in the 1970s were associated with the opening of the Cedar Bayou
Generating Station, and the interest regarding the effects of thermal pollution on plankton
contributed to the number of studies of plankton in the Trinity Bay region.

PLANKTON STUDIES IN THE GALVESTON ESTUARY

Phytoplankton Species Diversity and Biomass (Chlorophyll a)

Detailed studies of the phytoplankton taxonomy in the Galveston Estuary are few. Hohn
(1959) examined the diversity of species of phytoplankton at several locations in the
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Figure V.I. Temporal distribution of phytoplankton studies in the Galveston Estuary
from 1950 until 1990.

GALVESTON BAY: ZOOPLANKTON STUDIES

1950 1955 1960 1965 1970 1975 1980 1985 1990

DURATION OF STUDY

Figure V.2. Temporal distribution of zooplankton studies in the Galveston Estuary from
1950 until 1990.
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Galveston Estuary in 1954, although the species identified were never named. Copeland
and Bechtel (1971) also examined phytoplankton species diversity, but did not provide
information on the species identified. Strong (1977) enumerated phytoplankton species
based on 1/10 ml samples of whole seawater examined in a Palmer-Maloney cell during
1976-77. Strong found several species of diatoms to be most common at different times
and locations, including Coscinodiscus pygmaeus. Skeletonema costatum. Thalassiosira
sp. and Chaetoceros galvestonensis. Zotter (1979) enumerated "nanoplankton" species
during 1976-77 from samples passed through a 65 /*m mesh by concentrating a 15 ml
sample of whole water through centrifugation and examining a subsample in a
hemocytometer. A total of 59 genera were identified. Diatoms Skeletonema costatum
and Thalassiosira exigua and the green alga Chlorella sp. were dominant during the cold
months, and several other species were dominant during other times of the year. Species
diversity was lower at the low salinity stations than at the high salinity stations, though
dominant species were not found to correlate with temperature or salinity conditions.
High cell numbers were more common in waters of lower salinity (0 to 15%o) than in
waters of higher salinity (16 to 33%o). A summary of the spatial and temporal
distribution of dominant phytoplankton genera in 1969 from Armstrong and Hinson
(1973) is presented in Table V.I. This is one of the few phytoplankton studies with
wide spatial coverage. From the few studies available, there is insufficient information
for drawing conclusions regarding long term trends in phytoplankton species
composition.

Figure V.3. Temporal distribution of combined phyto- and zooplankton studies in the
Galveston Estuary from 1950 until 1990.
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Table V.I. Dominant genera of phytoplankton in the Galveston Estuary during 1969 (from
Armstrong and Hinson, 1973).

Study Area

Trinity
Bay

Upper
Galveston
Bay

Lower
Galveston
Bay

East Bay

West Bay

February

Leptocvlindricus
Nitzschia
Skeletonema

Euglenoid
Chaetoceros
Nitzschia

Skeletonema
Chaetoceros
Nitzschia

Skeletonema
Asterionella

Chaetoceros
Nitzschia

April

Nostocaceae
Oscillatoriaceae

Thalassiothrix
Nitzschia
Skeletoneroa

Chaetoceros
Nitzschia
Skeletonema
Thalassionema

Skeletonema

Nitzschia

July

Nostocaceae
Oscillatoriaceae

Cyanophyta

Skeletonema

Cyanophyta
Coscinodiscus
Nitzschia

Chaetoceros
Skeletonema
Rhizoselenia

October

Thalassionema
Filamentous
Chlorophyta

Cyanophyta
Chlorophyta
Skeletonema

Chaetoceros
Ditylura

Thalassionama
Chaetoceros
pfrn sogojffljla

Chaetoceros
Nitzschia
TTttlfffffflfinam
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A larger proportion of the phytoplankton studies have estimated phytoplankton biomass
by measuring concentrations of chlorophyll a in water samples. Most reports of
phytoplankton biomass do not separate it into nanoplankton and net plankton size
fractions. Livingston (1981) found 80-90 percent of phytoplankton biomass to be in
the nanoplankton during 1978 in East Lagoon. Zein-Eldin (1961) measured chlorophyll
concentrations spectrophotometrically on a weekly basis during 1957-1959 (Figure V.4).
Weekly mean chlorophyll concentrations for all stations ranged from ca 7 mg to 45 mg
chlorophyll a. per cubic meter (mg m'3). There is considerable spatial and temporal
variability in phytoplankton biomass, but there is no obvious seasonal pattern. Mullins
(1979) examined the chlorophyll concentrations in the intake and discharge of the Cedar
Bayou Generating Station from October 1972 through April 1974 (Figure V.5) and found
chlorophyll concentrations to be lower in the discharge waters from the plant than in
intake area or other Cedar Bayou stations. The range and mean chlorophyll
concentrations are similar to those measured in 1959 (Figure V.4). Strong (1977)
measured chlorophyll concentrations in the same region from January 1976 to January
1977 (Figure V.7). Chlorophyll concentrations ranged from 0.72 mg m'3 to 84.08 mg
m"3. These maximum chlorophyll concentrations are higher than those reported in
previous studies. Krecji (1979) measured chlorophyll concentration in the same area for
the following year, from January 1977 to January 1978. During this year, peak
chlorophyll concentration during the winter months of January and February were among
the highest recorded in the Galveston Estuary area (up to 120 mg m3), but chlorophyll
a concentrations remained low during the summer and fall, with no evidence of
additional blooms. Smith (1983) measured chlorophyll concentrations in the same area
from February 1978 through June 1979. He found chlorophyll a concentrations to be
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Figure V.4. Variations in weekly means of chlorophyll a measurements in Galveston
Bay during 1957-1959 from Zein-Eldin (1961).
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CEDAR 8AYOU
GENERATING

STATION

HOUSTON
SHIP

CHANNEL

Stations
Month 1 10 11

Oct.
Nov.
Dec.
Jan.
Feb.
Mar.
Apr.
May.
Jun.
Jul.
Aug.
Sep.
Oct.
Nov.
Dec.
Jan.
Feb.
Mar.
Apr.

57.1
0.6
1.9
2.7
1.2
1.8
5.8

17.9
26.2
6.8
6.0
8.7
4.5
5.8
3.9
1.4

23.3
1.7

24.3

32.2
1.3
2.6
6.3
3.0
8.0
4.2

15.9
25.7
11.2
7.7

34.5
2.7
6.9
5.0
1.7

18.2
1.5

17.4

26.7
8.1

13.9
69.9
23.4
9.2

10.4
22.5
11.9
13.6
37.5
36.8
5.6
6.2
3.7
1.3

19.3
10.3
17.4

16.1
5.3

12.2
48.3
23.4
35.0
11.9
15.6
13.3
10.7
30.0
31.1
6.8
7.4

20.6
1.0

15.5
16.8
11.9

17.0
5.1
7.0

19.5
8.6
9.0
2.8

14.2
18.8
8.5

18.4
15.3
2.2
5.2
6.9
0.9

20.6
3.1
9.2

10.3
2.7
4.6

16.0
5.1

12.9
3.7
4.8
3.9
5.6

11.2
6.0
2.3
5.4
7.1
1.2

25.6
1.8
3.9

3.6
42.8
7.3
7.2
5.8
5.4
2.2

29.0
10.5
10.0
10.9
23.1
5.1

18.4
26.8
12.1
22.5
18.4
17.6

21.6
28.1
23.5
12.4
23.0
11.2
4.6

26.2
6.8

12.0
5.8

15.1
9.5
4.5
7.3
3.3

14.2
16.0
9.4

24.4
10.2
10.7
10.9
14.4
7.8
4.2

19.3
14.2
4.2
5.8
8.0

10.0
4.2
7.6
5.2

30.8
16.1
8.8

25.7
9.0

15.7
7.3
7.7
8.8
6.8

17.0
10.2
5.1
7.3

11.9
9.6
4.4
6.0
4.2

17.4
22.0
7.4

9.5
11.9
37.7
33.6
48.3
4.8

13.8
13.2
12.4
11.9
9.5
7.9

11.3
11.5
12.0
6.6

13.6
11.0
6.1

Station 10.6 10.8 18.3 17.5 10.1
Mean

7.1 14.7 13.4 11.4 10.7 15.1

Figure V.5. Location of sampling stations in Cedar Bayou area (top) and monthly
chlorophyll a concentrations during 1972-1974 from Mullins (1979).
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significantly lower in the discharge water than at the intake stations or in the bay control
stations. Chlorophyll concentrations in control stations were similar to those found in
earlier studies. The familiar pattern of a continuous succession of blooms through the
year resumed during this study (Figure V.7).

It is difficult to draw conclusions about long term trends in phytoplankton biomass from
the limited data set available. The mean chlorophyll a concentration measured by Zein-
Eldin (1961) in the late 1950s is ca 16 mg m"3. This is similar to the overall mean
concentration of chlorophyll a. measured in the 1970s by Mullins (1979) of ca 13 mg
m"3 and of Strong (1977) of ca 17 mg m"3 in Trinity Bay. There is some evidence for
an increase in maximum chlorophyll levels, however. The maximum chlorophyll
concentration measured by Zein-Eldin (1961) in the late 1950s was ca 45 mg m3,
whereas in the 1970s Mullins (1979) found a maximum chlorophyll concentration of ca
70 mg m"3, Strong (1977) found a maximum concentration of ca 85 mg m3 and Krecji
(1979) found a maximum of ca 120 mg m"3. However, Smith (1983) measured a
maximum chlorophyll concentration of ca 45 mg m3 in the late 1970s. It is also
impossible to determine any spatial patterns of phytoplankton biomass for the Galveston
Estuary from the studies of Mullins (1979), Strong (1977), Krecji (1979) and Smith
(1983). The ten stations sampled in these studies are in intake or discharge channels for
the Cedar Bayou Generating Station, or in upper Trinity Bay.

Phytoplankton Production

Published studies of phytoplankton primary production were made primarily during the
1970s, and most reported studies were made in the vicinity of the Cedar Bayou
Generating Plant. Primary production was measured using the carbon-14 uptake method.
Mullins (1979) measured phytoplankton primary production from October 1972 until

Figure V.6. Locations of sampling stations in upper Galveston and Trinity Bays used
in studies of Strong (1977), Krecji (1979) and Smith (1983).
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Figure V.I. Monthly chlorophyll a concentrations from ten stations in upper Galveston
and Trinity Bays during 1976 (Strong 1977), 1977 (Krecji 1979) and 1978 (Smith 1983).
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April 1974. Surface primary productivity rates ranged from 0 to 173 mg C m3 hr'
(Figure V.8). The mean production for all stations and times was 32.6 mg C m3 hr"1.
Assuming 12 hours of productivity per day, this would correspond to an annual
production of approximately 140 g C m"3 yr"1. Peak periods of primary production in
this study were during January 1973 and February 1974. Strong (1977) measured
primary production in the same region from January 1976 through January 1977. He
found peak levels of primary productivity in March of 1976, with production values
exceeding 400 mg C m3 hr"1 at some stations. Primary production remained below 50
mg C m hr"1 for the summer and fall at all stations except at the mouth of the intake
canal (station 1). The overall mean primary production rate for all stations was ca 55
mg C m"3 hr"1. Krecji (1979) measured primary production at the same locations from
January 1977 through January 1978. Again, primary production values were quite
variable, ranging from near zero to greater than 400 mg C m-3 hr-1. The seasonal
pattern of primary production was not as uniform during 1977 as it was in 1976. Peaks
of productivity occurred at several stations during the winter months, as in 1976, but
there were also productivity peaks in spring and fall. The overall mean primary
production rate for all stations was ca 35 mg C m3 hr1. Smith (1983) provides a
somewhat incomplete data set of productivity values for the same area from February
1978 through June 1979. Maximum productivity measurements in this study were
approximately 200 mg C m-3 hr-1, and there is no obvious seasonal pattern of primary
production. The overall mean primary production rate for all stations was ca 35 mg C
m"3 hr"1. Again, it is difficult to recognize a pattern in the spatial distribution of primary
production in the Galveston Estuary from these studies, because of the restricted
locations of the sampling sites (Figure V.6).

There is little evidence for a consistent seasonal pattern on phytoplankton production in
the Galveston Estuary. Primary productivity rates for the period of October 1972-April
1974 (Table V.2) showed months that during one year would be extremely low, then the
next year would show dramatically more productivity (Feb 1973: 0.0 mg C m3hr~ l and
Feb 1974: 138.4 mg C m^hr'1 at station 2). The reverse also occurs (Jan 1973: 165.0
mg C m^hr"1 and Jan 1974: 2.8 mg C m^hf1 at station 3), where a highly productive
month one year is almost non-productive the next year. During the period of January
1976-January 1977 (Figure V.8), the productivity at each station has a peak starting in
February and continuing through April or May when it returns to a lower rate which
seldom goes above 50 mg C m'Hif1. During the period of January 1977-January 1978
(Figure V.8), some stations show consistent year-to-year values, while others show peaks
throughout the year, such as stations 1, 2, and 3 which remain above 50 mg C m^hr"1

most of the year. Also, stations 1-5 exhibit a peak in October and November which
tapers off in December. During the period of February 1978 through June 1979 (Figure
V.8), all stations start off with a peak early in the year. However, stations 1-5 and 10
show strong peaks over the entire duration of the study with the other stations following
the peaks to a lesser degree. During this period, stations 6 and 7, which exhibited low
production throughout the previous years, show nearly no production after the peak early
in 1978. This early peak is not as extensive in 1979 as has been recorded in previous
years.
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Figure V.8. Monthly primary productivity rates (mg C/m3/hr) determined at ten stations
in upper Galveston and Trinity Bays during 1976 (Strong 1977), 1977 (Krecji 1979)
and 1978 (Smith 1983).
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Table V.2. Surface primary production rates (mg C/ m3/ hr) determined at each sampling
station from October 1972 to April 1974 from Mullins (1979). Stations as in Figure V.5.
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Month

October
November
December
January
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April

Station
Mean

Stations

1

60.7
29.7
0.0

43.0
0.0
3.4
37.9
54.4
55.1
8.9
47.4
22.6
0.0
15.6
5.0
5.7

77.8
10.2
70.6

28.8

2

86.5
26.7
2.6

20.9
0.0

33.4
14.8
64.9
52.9
5.9

65.7
78.1
0.0
36.7
6.4
9.5

138.4
4.5
85.5

38.6

3

56.9
53.3
13.5
165.0
0.3

44.6
31.9
61.5
24.2
13.0
172.7
90.1
0.0
35.9
25.7
2.8

189.3
2.9
32.8

53.5

4

41.3
62.7
10.7
162.2
0.0

136.3
20.1
27.9
21.3
11.1
120.3
43.3
1.1

24.3
39.3
2.2

102.6
39.0
25.7

43.1

5

8.5
26.7
8.6
47.9
0.0
0.0
3.1
32.3
3.6
0.0
43.7
11.3
0.0
13.7
22.4
1.0

67.8
0.0
34.9

17.1

6

6.1
0.5
5.4

46.7
0.4
4.1
4.9
1.5
3.5
6.1
1.7
2.7
0.4
13.5
12.3
3.6

104.7
20.9
5.0

12.8

7

2.6
128.3
5.4

70.4
0.0
11.5
1.4

16.2
14.1
6.1

42.4
76.1
0.0
39.2
124.0
25.5
95.7
59.8
90.7

42.6

8

22.5
64.5
15.5
34.9
0.0
55.0
9.3
45.7
11.2
5.0
0.8
35.4
2.0
8.7
17.9
12.0
26.4
40.5
20.2

22.5

9

28.4
19.7
22.1
58.2
0.0
28.9
12.1
57.2
33.5
0.0
26.8
27.6
5.0
14.7
20.4
15.6
162.9
40.5
45.2

32.6

10

26.1
65.1
11.7
38.4
0.0
45.5
14.1

101.1
18.4
4.9
19.7
19.5
6.5
15.4
17.2
11.9
49.3
65.9
26.3

29.3

11

11.9
89.3
23.4
161.8
0.1
24.4
39.5
39.9
21.9
9.8
41.1
11.7
2.7
51.5
36.2
17.8
91.6
33.7
13.1

38.0



There is no evidence for long term trends in primary production patterns in the
Galveston Estuary based on these data from the 1970s. There is considerable spatial
and seasonal variability in primary production, but the overall annual mean of primary
production measures is always ca 35 mg C m3 hr"1, except for the study of Strong (1977)
whose mean value was nearly 55 mg C m"3 hf1.

Zooplankton Abundance and Species Diversity

There have been a number of studies of zooplankton abundance and species diversity.
Most studies have concentrated on the crustacean mesozooplankton and
"macrozooplankton", and there have been virtually no studies of the microzooplankton
(20-200 fim size fraction). This is especially unfortunate because recent studies show
that microzooplankton are responsible for grazing more phytoplankton biomass than
mesozooplankton (e.g. Buskey 1989). Mesozooplankton can also be important grazers
of phytoplankton, however, and they are important trophic links in estuarine food webs.
In addition, many benthic and nektonic organisms spend at least part of their lives in the
plankton, and these juvenile stages of commercially important finfish and shellfish
species are recognized as critical survival stages for recruitment to adult stocks.

A major problem in the comparison of zooplankton data collected by different
researchers is that the results vary greatly with the type of equipment used for collection,
and the time of day collections are made. Some studies, such as that of Arnold et al.
(1960), used seven different nets with three different mesh sizes in their collections. A
number of studies in the Galveston Estuary have been made with 0.5 m diameter, 500
/zm mesh nets (e.g. Kalke 1972; Jones 1975; Holt 1976). These nets are designed to
catch what these investigators call "macroplankton", but are too coarse to quantitatively
capture the most important zooplankton grazers, such as Acartia tonsa. Nets of
approximately 240 /-im mesh have also been used (Bagnall 1976; Minello and Matthews
1981) but this mesh is also too coarse. Two other studies have used nets of
approximately 153 /-im mesh (McAden 1977; Chase 1977) which is generally considered
appropriate for quantitatively capturing all mesozooplankton (defined as zooplankton from
200 /-em to 2000 /xm in length). It is inappropriate to compare abundance or species
diversity data between collections made with gear of different mesh size.

The time of day zooplankton collections are made can also be important for estimates
of zooplankton abundance, because many estuarine zooplankters are diurnal vertical
migrators (Minello and Matthews 1981). Most of the zooplankton collections considered
in this report were collected during the day, when a portion of the zooplankton
community resides on or near the bottom, and are not sampled using zooplankton nets.
Therefore, daytime zooplankton samples often underestimate total zooplankton population
densities.

The longest running series of zooplankton studies in the Galveston Estuary are those
carried out around the Cedar Bayou Generating Station. These studies were carried out
by faculty and students from Texas A & M University from 1967 through 1973, then
continued until 1980 by a private consulting company, the Southwest Research Institute

359



(Frank Schlict personal communication). The data from the last seven years of the study
has never been processed, however, and no reports published. These studies have
sampled with a 0.5 m diameter net with 0.5 mm mesh, collecting "macrozooplankton".
These collections provide no information on mesozooplankton biomass or abundance.
Organisms collected are mainly mysids, isopods, amphipods, decapods and fish. The
mean catch per 35 m3 of water sampled from October 1969 through December 1970 was
106 invertebrates and 26 fish (Kalke 1972). The mean catch for January 1971 through
May 1972 was 123 invertebrates and 11 fish (Jones 1975).

The dominant zooplankton species in the Galveston Estuary are Acartia tonsa. Balanus
sp. nauplii, Oithona sp., larval polychaetes, Pseudodiaptomus coronatus and Paracalanus
crassirostris (McAden 1977). Zooplankton species found in the Galveston Estuary are
listed in Table V.3. Little information about spatial distribution of zooplankton can be
determined from this study, because the three stations sampled were in the intake canal
and discharge canals of the Robinson Generating Station. There is no clear seasonal
pattern in the abundance of any of the dominant holoplankton species.

Comparison of Galveston Bay Plankton Data
to Other Texas Estuaries and to Other United States Estuaries

Phytoplankton Primary Production

Table V.4 (modified from Flint 1984) indicates that the Galveston Estuary is among the
most productive in Texas. Daily primary production values are more than twice that
of other Texas estuaries, and comparable to the higher productive, hypersaline Laguna
Madre (Table V.4). If these daily primary production values were maintained
throughout the year, the Galveston Estuary would be among the most productive in the
country (Table V.5). It is unclear, however, how this value for primary production in
the Galveston Bay was calculated. Examining the original data on which Flint's (1984)
estimate is based (Armstrong and Hinson 1973), the mean gross primary production for
all stations and dates, based on light/dark bottle O2 measurements, appears to be ca 1.98
g C m2 d*1. Net production, based on the same set of measurements, is negative
(respiration exceeds photosynthesis). The other values in Table V.4 are based on C-
14 uptake rates, which are generally understood to measure no more precisely than
between gross and net primary production (Valiela, 1984), so the value for the Galveston
Estuary cannot be compared directly to estimates for other estuaries.

Furthermore, if we assume a 12 hour period of sunlight during which photosynthesis
can occur, a primary production rate of 4 g C m day"1 requires a mean hourly
production rate of over 150 mg C nT'hr"1, assuming an average depth of 2 meters in
the Galveston Estuary (Armstrong 1987). This is considerably higher than the values
reported in most other studies (e.g. Strong 1977; Krecji 1979; Smith 1983). Using a
mean primary production rate of 35 mg C m3 hr' (as reported in Mullins 1979; Krecji
1979; and Smith 1983) and using the same assumptions as above, produces an estimate
of 0.84 mg C m2 d'1. It should be noted, however, that the studies of Mullins (1979),
Strong (1977), Krecji (1979) and Smith (1983) are based on small samples incubated

360



Table V.3. A list of zooplankton species collected in the
Galveston Estuary during the period June 1974 through September
1975 (modified from McAden, 1977).

Phylum Ctenophora
Mnemiopsis sp., Beroe sp.

Phylum Annelida
Class Polychaeta

Polychaete larvae
Phylum Mollusca

Class Gastropoda
Gastropod larvae

Class Pelecypode
Pelecypod larvae

Phylum Arthropoda
Class Crustacea

Order Diplostraca
Diaphanosoma sp. , Sida sp., Ceriodaphnia sp. , Daphnia sp.,
Moina sp. , Scapholeberis sp., Bosroina sp.f Ilvocrvptis sp.,
Macrothrix sp., Alona sp.
Order Podocopa
Ostracods
Order Calanoida
Paracalanus crassirostris. Centropages hamatus. C.
velif icatus. Diaptomus spp. . Eurytemora sp. . Temora turbinata.
Pseudodiaptomus coronatus. Labidocera aestiva. Acartia
lillieborgii. A. tonsa. Tortanus setacaudatus
Order Harpoaticoida
Scottolana canadensis. Parateaastes sphaericus
Order Cyclopoida
Oithona spp., Cvclops sp. , Halicvclops sp., Saphirella sp.,
Corycaeus sp., Ergasilus sp.
Order Caligoida
Caligus sp., Argulua sp.
Order Thoracica
Balanus sp. nauplii, cypris larvae
Order Mysidacea
Bowmaniella brasiliensis. Mvsidopsis almyra. Mysidopsis
biglovi. Taphromysis lovisianae
Order Cumacea
Cumaceans
Order Tanaidacea
Leptochelia sp.
Order Isopoda
Edotea sp., Aegathoa sp., Cassidinidea sp.
Order Amphipoda
Corophiuro louisianum
Order Decapods
Penaeus aztecus. P. setiferus postlarvae, Acetes americanus.
Lucifer faxoni. Marobrachium ohione zoeae, Palaemonetes pugio.
P. vulgaris. Alpheus heterochaelis zoeae, Qgvrides limicola
zoeae, postlarvae, Callianassa iamaicense, Upogebia affinis.
Petrolisthes armatus zoeae, Callinectes sapidus megalops,
Hexapanopeus sp. megalops, Menippe mercenaria zoeae,
Rhithropanopeus harrisii zoeae, Pinnixa sp. zoeae, Uca sp.
zoeae
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Table V.4. A comparison of phytoplankton assemblages, cell
concentrations and primary production rates for various Texas
estuaries. Modified from Flint 1984 and Armstrong 1987.

Phytoplankton
Estuary abundance Dominant Primary Production

(cells/ml) group (g C/m /day)

Galveston

San Antonio

50-400

549-19,000

Diatoms

Dinof lag.

4. II1

0.702

San Antonio 1.233

(1986-1987)

Corpus Christi 50-900 Diatoms 1.26
(1960-1962) Blue-green algae

Corpus Christi Bay 0.48
(1981-1983)

Corpus Christi Bay 1.20
(1987-1988)

4
Upper Laguna Madre Diatoms 2.68

^Lower Laguna Madre 4.78

1 Armstrong and Hinson (1973)
2 Davis (1971)
3 Maclntyre and Cullen (1988)
4 Odum and Wilson (1962); Odum et al., (1963)

1 Flint (1984)
6 Stockwell (1989)

in the laboratory using 220-watt fluorescent light bulbs. Actual primary production
rates in the field may vary considerably from these measurements because of variations
in light intensities and container effects.

Oppenheimer et al. (1975) summarized comparative information on primary production
for the Galveston, San Antonio and Corpus Christi Estuaries. Measurements of gross
primary production were made by comparing changes in oxygen concentration in light
and dark bottle incubation. They calculated primary production rates of 5.9, 1.0 and
2.5 g C m'3 day"1, again providing evidence that the Galveston Estuary is one of the
most productive in Texas.

Day et al. (1987) present a summary of primary production rates in 45 estuarine
systems. The rates they report range from near zero to 4.8 g C m3 d"1. The average
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Table V.5. Annual phytoplankton primary production estimates for
selected North American estuaries. Modified from Flint 1984.

Estuary Primary Prod
(g C/m2/yr)

References

Hudson River Plume, New York 590

Port Moody Arm, B. Columbia 531

Pamlico River, North Carolina 500

Puget Sound, Washington 465

Great South Bay, New York 450

San Antonio Bay, Texas 448
(1986-1987)

Corpus Christi, Texas 430
(1987-1988)

New York Bight, Mid Atlantic 370

Three North Carolina Estuaries 320
(average)

Beaufort Channel, N. Carolina 225

Narragansett Bay, Rhode Island 220

South Bay, San Francisco Bay, 210
California

Upper New York Harbor 200

St. Margaret's Bay, Nova Scotia 190

Corpus Christi Bay, Texas 174
(1981-1983)

Georgia Bight 171

Wassaw Sound, Georgia 90

Suisun Bay, California 80

Malone 1984

Stockner & Cliff
1979

Kuenzler et al.,
1979

Winter et al. , 1975

Lively et al. , 1983

Maclntyre & Cullen
1988

Stockwell, 1989

Malone 1976

Fisher et al. , 1982

Williams & Murdoch
1966

Smayda 1957

Cloern 1987

Malone 1977

Platt 1971

Flint, 1984

Haines & Dunston
1975

Turner et al. , 1979

Cloern 1987
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from all estuarine systems was approximately 0.7 g C m d" . These values are higher
than the 100 g C m"3 yr"1 that Ryther (1963) reported as an average value for coastal
systems, and nearly as great as the 320 g C m"2 yr~l reported for coastal upwelling
systems. The mean primary production rates found in studies by Mullins (1979), Strong
(1977), Krecji (1979) and Smith (1983) suggest that the average production rate for the
Galveston Estuary is about 40 mg C m3 hr"1. Given the 2 m average depth of the
Estuary, assuming 12 hours for primary production, this corresponds to 1 g C m2 d"1.
Although the evidence is somewhat inconclusive, the Galveston Estuary appears to have
slightly above average primary production rates for phytoplankton.

Zooplankton Biomass and Abundances

Table V.6 shows estimates of zooplankton biomass and abundances in Texas estuaries.
Table V.6 A shows data from studies of several estuaries performed by The University
of Texas Marine Science Institute, sponsored by the Texas Water Development Board.
These systems show zooplankton abundances of 3000-20,000 zooplankters per cubic
meter of seawater. Table V.6B shows ranges of zooplankton abundances from Texas
estuaries. Although these ranges are difficult to compare, this table indicates that the
Galveston Estuary (Trinity Bay) may have lower zooplankton abundance than many
other Texas estuaries. Table V.6C shows a comparison of Acartia tonsa abundances in
Texas estuaries; A. tonsa is the dominant zooplankter in all. The lowest mean density
is for Trinity Bay. It should be noted, however, that McAden (1977) reported a mean
abundance of 9600 Acartia tonsa m3 near the intake canal of the Robinson Generating
Station. Preliminary interpretations of these data suggest that a high phytoplankton
abundance coupled with a low zooplankton abundance may indicate the effects of
industrial, agricultural and municipal discharges on the Galveston Estuary. Discharge
of nutrients may be responsible for the high level of primary production, while industrial
discharges may be suppressing zooplankton populations.

The comparison of zooplankton abundances in Texas estuaries to other estuarine systems
in the United States is even more difficult than the comparison of bays along the Texas
coast, because there are major climatic, oceanographic and geological differences
between systems. Again, collecting technique and frequencies differ for the studies
reported in Table V.7 below. The mean abundance of zooplankton found by McAden
(1977) of ca 16,200 zooplankton m3 (mainly A., tonsa and barnacle nauplii) using a 153
^im mesh net are higher than for most studies from northeastern bays where a coarser
mesh net was used, but lower than densities found in Narragansett Bay, Long Island
Sound and the Newport River Estuary, where a similar mesh net was used. For other
tropical or subtropical bays, Hopkins (1966, 1977) found higher abundances in the
Florida estuaries he studied, but he used a much finer net. Youngbluth (1980) found
much lower zooplankton abundances in Jobos Bay, Puerto Rico using a coarser net. It
appears that temperate estuaries may have higher zooplankton abundances than the
shallow, subtropical bays along the Texas coast.
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Table V.6. Comparison of zooplankton biomass and abundances for
several Texas estuaries.

A) Comparison of data from UTMSI TWDB studies over the past four
years. Biomass is mg dry weight per cubic meter of seawater
sampled; zooplankton and Acartia tonsa abundance is number of
organisms per cubic meter of seawater sampled. Standard
deviations are presented in parentheses.

Estuary Biomass
mg/m

Zooplankton
abundance

Acartia tonsa
abundance

Lavaca Bay
1984-85

Lavaca Bay
1985-86

San Antonio
Bay 1986-87

Corpus/Nueces
Bay 1987-88

San Antonio
Day Samples

San Antonio
Night Samples

Corpus/Nueces
Day Samples

Corpus/Nueces
Night Samples

Laguna Madre
unpublished results)

61.4 (208.9)

36.9 (57.3)

23.5 (121.8)

47.3 (45.4)

43.6 (45.2)

183.2 (211.8)

37.6 (34.9)

107.3 (73.6)

53.4 (61.2)

3258 (5910) 1956 (4088)

14864 (47071) 5707 (9532)

10987 (17620) 8310 (16821)

6879 (6675) 3529 (4592)

8715 (15883) 6287 (15121)

18558 (42332) 15051 (20897)

6166 (6693)

7103 (2765)

3192 (4672)

3292 (2667)

7499 (8364) 4536 (4621)

Fewer studies are available for comparison of microzooplankton abundance or biomass,
but from the limited data presented in Table V.7, it is apparent that temperate bays have
lower microzooplankton abundances than have been reported in Texas. This corresponds
with the observation that most of the phytoplankton biomass and productivity is in the
less than 20 /zm size fraction.
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B) Comparison of other Texas estuary studies,
Armstrong (1987). Abundances are given as number
1000 per cubic meter.

modified from
of organisms x

Estuary

Sabine

Trinity

Minimum

Lake

Bay

Lavaca Bay

San Antonio
Bay

Copano Bay

0.4
(W-Sp)a

1

1

0

1

.2

.9

.8

.3

(W)

(F)

(S)

(F)

Maximum

17

16

27

46

53

.2

.0

.9

.0

.6

(S-F)

(F)

(Sp)

(W)

(W)

Dominant

ND

barn . naup .
A. tonsa

bar.n . naup .
A. tonsa

A. tonsa
(1974)

A. tonsa
(1975)

Reference

Espey et al. ,
(1976)

TDWR (1981)

Gilmore (1974)

Matthews (1974)

Holland (1975)

Aransas Bay 2.5 (F) 653.5 (W) A.

Cor. Christi 5.2 (F) 11,705
Bay (W-Sp)

A. tonsa
barn, naup
Noctiluca

Nueces Bay

Alazan Bay

3.3 (F) 2,139 (W) A. tonsa
barn, naup

7 (F) 78 (Sp) A_._ tonsa
(1984)

Holland (1975)

Holland (1975)

Holland (1975)

Cornelius
(1984)

C) Comparison of Acartia tonsa abundance in Texas estuaries, from
Lee et al., 1986. Densities are number per cubic meter of
seawater sampled.

Location Mean Acartia densityNumber of Observations

Corpus Christi

Nueces

San Antonio

Matagorda

Sabine

Trinity

15,916

6,296

5,113

423

75

42

96

708

330

419

167

328
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Table V.7. Comparison of zooplankton abundances for several U.S
estuaries.

Nacrozooplankton

Estuary Mesh Zooplankton
abundance (//m )

Reference

Delaware Bay 241

Narvesink Estuary 203

Sandy Hook Bay, 203

4,650

320

8,500

Maurer et al. ,
(1978)

Knatz (1978)

Sage & Herman
N.J.

Long Island 158
Sound, N.Y.

Narragansett 153
Bay, R.I.

Peconic Bay 202
N.Y.

Newport River 150
Estuary, N.C.

Tampa Bay 74
Florida

St. Andrews Bay 74
Florida

Jobos Bay 202
Puerto Rico

Microzooplanfcton (number/liter)

Narragansett
Bay, R.I.

Gulf of Maine

Georges Bank

Corpus Christi Bay, Texas

(1972)

61,500 Deevey (1956)

22,000 Hulsizer (1976)

6,100 Turner (1982)

21,900 Fulton (1984)
(copepods only)

46,595 Hopkins (1977)

40,100 Hopkins (1966)

819 Youngbluth
(1980)

2,029 Verity (1986)

2 ,400 Montagues (1988)

3,120 Stoecker et al.,
(1989)

37,600 Buskey (1989)
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RECOMMENDATIONS

Implications for the Priority Problems List

The most significant challenges facing the Galveston Bay National Estuary Program
have been summarized in the Priority Problems List. The four major problems addressed
by this list are: A. Reduction/Alteration of Living Resources, B. Public Health Issues,
C. Resource Management Issues and D. Shoreline Erosion. Studies of the plankton
populations of the Galveston Estuary have direct implications only for the first priority
problem: reduction and alteration of living resources. Studies of phytoplankton biomass
and productivity have important implications for identifying areas of excess nutrient
loading, leading to excess phytoplankton production and potentially hypoxic conditions.

Increased growth of phytoplankton in estuarine systems becomes problematic only when
phytoplankton growth exceeds the ability of grazers to pass this resource on to higher
trophic levels. When excess nutrients are discharged into the estuary along with
industrial and agricultural wastes which may be toxic to grazers, the potential for
excessive phytoplankton growth increases. High levels of primary production,
accompanied by water column stratification can result in hypoxic conditions that cause
fish kills and severely degrade the environment. Long term data on phytoplankton
standing stocks is needed to determine if eutrophication is occurring.

Recommendations for Future Monitoring

In order to design a program to monitor the plankton of the Galveston Estuary, the long
term goals of the program must be clearly stated. If the goals of the program are to
detect long term changes in the plankton population of the Galveston Estuary and to
monitor the system for signs of perturbation caused by eutrophication, several
recommendations can be made. Sampling sites should be randomly chosen to sample
several sites each within areas that typically have low, medium and high (full strength
seawater) salinity ranges. Sampling intervals should be as frequent as practical, because
rapid changes in phytoplankton populations can occur in a matter of days.

Perhaps the easiest parameter to measure on a routine basis is phytoplankton biomass
as chlorophyll a concentration. Seawater samples can be collected at each site and kept
in the dark on ice until filtration of samples can be performed. Preferably samples
should be size fractionated with a 20 jum screen to measure the proportion of chlorophyll
in the net plankton and nanoplankton fractions. Chlorophyll concentrations can be easily
and reliably measured using fluorometric techniques (Parsons et al. 1984). Samples can
also be collected for taxonomic identification of phytoplankton species composition, but
this is a tedious, time-consuming process that requires personnel with considerable
technical expertise. Additional information about the relative composition of major
taxonomic groups in the phytoplankton can be obtained through analysis of the suite of
phytoplankton pigments in the sample, and identifying the relative proportion of pigments
characteristic of various taxonomic groups using high-performance liquid chromatography
(Bidigare et al. 1985).
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Measures of primary production would also be useful, but these measures are expensive,
time-consuming and require the use of radioactive isotopes in field incubations (Carbon
14 uptake method, Parsons et al. 1984). Primary production is measured over a few
hours in field incubations, and these measures are quite variable depending on sunlight,
nutrient availability and other factors. A more useful approach may be to determine
photosynthesis-irradiance relationships for the Galveston Estuary phytoplankton during
several times of the year, monitor submarine irradiance with a submersible photometer
and model primary production over the annual cycle (Platt et al. 1977; Lewis and Smith
1983).

Monitoring zooplankton populations would also be useful for both microzooplankton
and mesozooplankton size fractions. Microzooplankton can be collected as whole water
samples in estuarine systems because they have high population densities. Samples can
be preserved in the field using Lugol's Iodine or formaldehyde, but these samples will
not preserve chlorophyll fluorescence, and can only be used to enumerate ciliates,
rotifers, copepod nauplii and other distinctive forms. Ideally, samples should be
preserved in glutaraldehyde and refrigerated in darkness until enumeration. These
samples will retain autofluorei>cence of chlorophyll, allowing for differentiation between
autotrophic and heterotrophic flagellates. A small volume (ca 5-10 ml) should be placed
in a settling chamber, and enumerated using an inverted epifluorescence microscope.
Organisms need not be identified to species, but should be categorized and measured.
Mesozooplankton sampling should be performed with a 1/2 m diameter 153 /nm mesh
net, fitted with a flow meter. Ctenophores and other gelatinous zooplankton can be
separated from the catch with a coarse mesh (ca 5 mm) and the displacement volume of
gelatinous zooplankton can be measured in the field and the organisms released.
Mesozooplankton samples can be preserved in a 5 percent buffered formaldehyde
solution. If dry weight estimates of biomass are desired, these should be taken using an
unpreserved split of the sample. Dry weight of zooplankton decreases after preservation.
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VI. MARSH BENTHOS

Roger Zimmerman

INTRODUCTION

Coastal wetlands are highly productive ecological systems on the interface between the
land and sea. They are vital as areas of nutrient cycling, carbon flux, and sediment
binding, and are habitat for many types of plants and animals. One important attribute
is their value as nurseries to estuarine-dependent fishery species. At least 96 percent of
commercial and 70 percent of recreational fish taken in the southeast region of the U.S.
are estuarine-dependent at some point in their life cycle. In the Galveston Estuary, the
principal fishery species that depend on estuarine wetlands are brown shrimp, white
shrimp, blue crab, red drum, spotted sea trout, southern flounder and Gulf menhaden.
Tidal wetlands in the Galveston Estuary, like those throughout the northwestern Gulf of
Mexico, are mainly brackish and saltwater marshes.

Through recent investigations, we know that utilization of marshes may influence the
productivity of fisheries. In the past, it was thought that fishery species used marsh
creeks, but did not directly use marsh surfaces as nurseries (Weinstein 1979). Early
indications of direct utilization came from evidence that marsh infauna, as prey, were
affected by aquatic predators (Bell and Coull 1978). It was also shown that offshore
yields of some fishery species, such as brown shrimp, could be related to the amount of
marsh area inshore (Turner 1977). But it was not until drop trap and flume net sampling
methods (Zimmerman et al. 1984; Mclvor and Odum 1986) could quantify numbers of
predators on marsh surfaces, that the degree of external exploitation became known.
The recent studies revealed that estuarine nekton (especially the juveniles of fishery
species) invade tidal marsh surfaces in large numbers ( 1984; Rozas and Odum 1987;
Mclvor and Odum 1988; Hettler 1989; Mense and Wenner 1989). In the Galveston
Estuary, the densities of predatory consumers were significantly higher in marshes than
in nonvegetated subtidal habitat (, 1984). Moreover, those densities of secondary
consumers in salt marshes were equivalent to densities found in seagrasses (Thomas et
al. 1990; Zimmerman et al. 1990).

Manipulative experiments have demonstrated that attraction to marsh habitat improves
both the growth and survival of shrimp and blue crab juveniles (Thomas 1989; Minello
and Zimmerman 1991). In field caging experiments, shrimp grew faster in marshes than
on bare substrate (1984b). At the same time, predators were less effective and shrimp
survival increased (Minello and Zimmerman 1983). These findings confirm that
accessibility and quality of food and cover on marsh surfaces can modify productivity
of shrimp and other fishery species.

The most abundant prey (forage animals) on marsh surfaces available to shrimp, crab
or fish predators are small infaunal and epifaunal amphipods, tanaidaceans and annelid
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worms (Thomas 1976, Kneib 1982, Rader 1984). Importantly, these prey are usually
primary consumers and, as such, serve as principal links in food chains and in
transferring energy to higher trophic levels. Mechanisms controlling the availability and
abundances of these prey may greatly determine the extent of coupling between marsh
and open water communities in estuaries.

One result of increasing access to primary consumers in marshes as prey may be greater
production in fisheries (Boesch and Turner 1984; Minello and Zimmerman in press).
Indirect evidence of this is seen in correlations between annual fluctuations in sea level
(which influences the frequency and duration of flooding in marshes) and productivity
of fisheries (Childers et al. 1990 and Morris et al. 1990). In addition, higher utilization
of marsh surfaces during periods of seasonally high water has been reported for fishery
species (1984). Nevertheless, studies of abundance relationships between predators and
prey on marsh surfaces are rare.

The National Marine Fisheries Service has been pursuing measurement of predator and
prey abundances in marshes of the Galveston Estuary since 1985. System-wide surveys
of 6 marsh sites in the estuary were conducted during 1987, 1989 and 1990. Faunal
densities from drop trap samples and sediment cores were taken in these surveys. The
results of the 1987 survey are reported in Zimmerman et al. (1990). Samples collected
in the 1989 and 1990 surveys are still being processed. In addition to the system-wide
surveys, a long-term marsh study has been conducted at Galveston Island State Park
since 1982. These studies employ drop trap sampling to compare densities of shrimps,
crabs and fishes in tidal marsh habitat with densities in subtidal mud bottom
(nonvegetated) habitats. In 1985, sediment cores were added to the sampling program
at the State Park to measure densities of epifauna and infauna as prey. These sampling
efforts are continuing.

The information in this report comes from the NMFS 1987 marsh survey of the
Galveston Estuary and from 1985 through 1989 marsh monitoring at Galveston Island
State Park. In the latter study, the processing of the monthly data sets is incomplete.
A review of the literature confirms that these studies are the only comprehensive surveys
of marsh invertebrates in the Galveston Estuary.

MATERIALS AND METHODS

In both NMFS surveys, the infauna were sampled using 10 cm diameter PVC coring
tubes, as sampling devices, pushed 15 cm into the sediment. From each core, the upper
5 cm of sediment was removed and washed through a 0.5 mm sieve. Sample material
remaining on the screen was placed into self-sealing plastic bags in the field with labels,
5 percent formaldehyde in seawater, and Rose Bengal stain. Samples were processed
in the laboratory by sorting, identifying and counting the macroinvertebrate infauna.
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Infauna were always sampled in conjunction with drop trap sampling designed to
measure densities of predatory decapods and fishes. The core samples were always
taken from inside the 2.6 m2 area circumscribed by drop samples. The number and
distribution of core replicates varied depending upon the study design.

Study Designs

Both studies addressed the differences in faunal densities within and between marshes
and open water habitats in the Galveston Estuary. The samples from the marsh surface
were taken within 1 m of the outer edge. Open water samples, adjacent to the marsh,
were usually subtidal and without vegetation. At some open water sites in the Trinity
Delta and Christmas Bay, samples were taken within submerged aquatic vegetation
(SAV) habitat. These marsh-associated habitats were sampled within 5 m of the marsh
edge.

The 1987 survey compared six marsh locations along the salinity gradient of the
Galveston Estuary, that extends from the oligohaline Trinity River delta to polyhaline
Christmas Bay (Figure VI. 1). In the salinity gradient study, 4 replicates of drop samples
and sediment cores were taken per season from each habitat at each location (described
in Zimmerman et al. 1990).

The monitoring study at Galveston Island State Park follows seasonal and annual
variations of nekton and infauna at one marsh location in the lower system. In this
study, 8 replicate cores and drop samples are taken in each habitat type monthly. Two
types of core samples are obtained from the marsh surface; one includes sediment and
marsh plant material (marsh surface with vegetation) and the other incorporates only the
bare substrate between the marsh plants (marsh surface without vegetation). Cores taken
from the adjacent subtidal open water at the State Park do not include rooted plant
material (no SAV). A description of the location and the drop sampling method are in
Zimmerman et al. (1984).

Analyses

Macroinvertebrate benthos taken from sediment cores are analyzed in this report. For
the sake of brevity, the term "infauna" is used to include both infauna (those animals in
sediments) and epifauna (those animals on the surface of sediments or inhabiting benthic
plants). The main tests were for level of differences between means of abundances
among habitat types and among sites positioned in different parts of the bay. The
analyses were performed using factorial analysis of variances (ANOVAs) and pairwise
t-tests. Means of abundances were plotted to show seasonal and annual changes in
dominant species and taxonomic groups (annelids, peracarids, mollusks and others) as
well as to show differences between habitats.
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RESULTS

The Estuary-Wide Survey

Shallow-water infauna were analyzed from six locations in the Galveston Estuary during
the spring, summer and fall periods of 1987. Sampling was stratified by habitat type
(marsh and associated open water habitats) and position in the system (upper, middle and
lower). Sampling locations were the Trinity River delta, Smith Point, Moses Lake,
Galveston Island State Park and Christmas Bay (Figure VI. 1). The locations were
chosen to reflect differences in oligohaline, mesohaline and polyhaline influences on
marsh and adjacent shallow-water communities of the system.

Figure VI. 1. Marsh survey sites for macro-invertebrate infauna in the Galveston Estuary
during 1987 (from Zimmerman et al. 1990).
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The Upper System

Mean salinities at the two marsh sites of the delta ranged between 0 and 10.8 ppt. The
overall salinity regime was oligohaline (0.5 to 5 ppt). Spring to mid-summer salinities
were generally less than 2 ppt. Fall salinities were highest of the year following the
usual seasonal pattern. Marsh plants were bulrushes (Scirpus spp.), arrowheads
(Sagittaria spp.), alligator weed (Alternanthera philoxeroides). pickerel weed (Pontederia
cordata). water hyssop (Bacopa monnieri) and switchgrass (Panicum sp.). Subtidal plants
included quillwort (Isoetes sp.), widgeon grass (Ruppia maritima) and tapegrass
fVallisneria arnericana). Plant cover was sparse in the winter and spring becoming
luxuriant by summer. The winter die-back began in the fall and was the source of large
amounts of plant detritus exported downstream annually.

The Middle System

Mean salinities at Smith Point and Moses Lake ranged between 0.8 and 20.5 ppt. The
mid-bay was mesohaline overall (6 to 23 ppt), but variation was greater any other part
of the system. Spring salinities were 8 to 15 ppt, summer salinities 0.8 to 9 ppt and
fall salinities were 20 to 22 ppt. Marshes were mixed stands of smooth cordgrass
(Spartina alterniflora), marsh hay (Spartina patens), black rush (Juncus roemerianus) and
saltgrass (Distichlis spicata). As in the lower system, these marsh plants were perennial.
Submerged vegetation did not occur in the middle system.

The Lower System

Mean salinities at Galveston Island State Park and Christmas Bay sites ranged between
22.1 and 33.3 ppt. This lower bay area is normally polyhaline, but summer droughts
or tropical storms can create hypersaline or low salinity conditions. Emergent plants are
salt marshes comprised of smooth cordgrass (S. alterniflora) with lesser amounts
glasswort (Salicornia spp.) and saltwort (Batis martima). Christmas Bay has some stands
of seagrasses including shoal grass (Halodule wrightii). widgeon grass (Ruppia maritima)
and turtle grass (Thalassia testudinum) and star grass (Halophila engelmanniD. Stands
of shoal grass and widgeon grass previously observed at the State Park (in the late 1960s
and early 1970s) are no longer present.

Macroinvertebrate Abundances and Distributions

Annelid worms (polychaetes and oligochaetes) and peracarid crustaceans (primarily
amphipods and tanaidaceans) made up more than 90 percent of macroinvertebrate
infaunal abundances at every marsh site in the Galveston Estuary (Table VI. 1). Annelids
were prevalent in marshes of the upper and lower system and peracarids dominated the
middle system marshes. Peracarids were virtually absent from the upper system. Small
mollusks comprised less than 3 percent of infaunal abundances at any one marsh site.
Large bivalves and gastropods were poorly sampled because of the small size (78.5 cm2)
of the coring device.
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Table VI.1. Abundances of infauna in sediment cores from marsh sites
in the Galveston Estuary: 78.5cm cores, 8 cores at each site x 3
seasons. From Zimmerman et al. (1990).

Group
Inner
Delta

Outer
Delta

Smith
Point

Moses
Lake

State
Park

Christmas
Bav

Annelids
Peracarids
Nollusks

All Others

Totals

* (%)
5074(93) 2663(92)

# (%) * (%) # (%)
971(44) 4800(30) 2567(51)

6(<1) 16(<1) 1172(53) 10835(68) 2315(46)
157 (

231f

5468

3)

4)

35( 1)

174( 6)

2888

32(

49(

2224

1) 8(<1) 14(>1)

2) 391 2) 157f 3)

16034 5053

# (%)
1923(86)
211( 9)
46( 2)

48f 2)

2228

Seasonal Variations and Habitat Relationships

Seasonal changes in densities of infauna can reflect production potential and relative
predation effects among sites. Production potential among sites can be compared using
spring densities because predation from shrimp and fish is less in the winter. As the
spring and summer progress, predation increases and lower infaunal densities result
under predation pressure. Comparison of the fall season densities reflect degree of
predation among sites.

For total infauna (Figure VI.2), the Trinity River delta and Christmas Bay marsh sites
showed the least amount of seasonal change; whereas Moses Lake, Smith Point and the
State Park sites exhibited the greatest change between spring and fall seasons.

Annelids (Figure VI.3) changed least in abundance seasonally among all infauna. The
delta sites increased in mean density of annelids between the spring and fall. Moses
Lake showed no change, and at Smith Point, the State Park and Christmas Bay annelid
densities declined. None of the seasonal changes in annelid densities were statistically
significant within sites.

Peracarid densities (Figure VI.4), unlike annelids, varied significantly between seasons
within marsh sites and also overall between marsh sites. Peracarids (amphipods,
tanaidaceans and isopods) were virtually absent in all seasons from the delta marsh sites.
But marshes at Moses Lake, Smith Point and the State Park exhibited especially high
densities of peracarids in the spring. These sites demonstrated significant density
declines between the spring and fall seasons. The marsh at Christmas Bay did not have
notably high spring densities although densities declined too by fall.

Molluscan densities (Figure VI.5) were highest overall in marshes of the delta and the
middle bay. Seasonal trends were not evident in mollusk density patterns. The low
numbers of mollusks in Galveston Estuary marshes compared to other infauna are
notable.
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Figure VI.2. Abundances of total infauna and epifauna in sediment cores at marsh sites
in the Galveston Estuary: 78 cm2 cores, 4 cores each in spring, summer and fall seasons.
From Zimmerman et al. (1990).
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Figure VI.3. Abundances of annelids in sediment cores at marsh sites in the Galveston
Estuary: 78 cm2 cores, 4 cores each in spring, summer and fall seasons. From
Zimmerman et al. (1990).
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Figure VI.4. Abundances of peracarids in sediment cores at marsh sites in the Galveston
Estuary: 78 cm2 cores, 4 cores each in spring, summer and fall seasons. From
Zimmerman et al. (1990).

384



Figure VI.5. Abundances of molluscs in sediment cores at marsh sites in the Galveston
Estuary: 78 cm2 cores, 4 cores each in spring, summer and fall seasons. From
Zimmerman et al. (1990).
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Miscellaneous taxa (Figure VI.6) from marsh sediments in the Galveston Estuary were
mostly insect larvae, nemerteans, turbellarians, ascideans and large nematodes. Highest
densities of these taxa varied among marsh sites and seasons. Highest densities overall
occurred at the inner delta marsh in the summer and at Moses Lake and the State Park
during the spring. Christmas Bay and Smith Point densities were low in all seasons.
Declining spring to fall densities were evident at Moses Lake and the State Park.

The State Park Long-Term Survey

Infauna from the three types of cores, representing three habitats, were sampled monthly
for abundance at the Galveston Island State Park beginning in 1985. The sampled
habitats were: a) marsh substrate with plants, b) marsh substrate without plants and c)
subtidal substrate without plants.

Dominant Infauna

Annelids and peracarids, as in other marshes of the Galveston Estuary, were the
predominant infauna in all three of the State Park habitats. Among annelids (Table
VI.2), the most consistently abundant species were Streblospio benedicti. Capitella
capitata. an unidentified oligochaete, Mediomastus californiensis. Euchone spp.,
Heteromastus filiformis. Neries succinea. Polydora ligni. Mediomastus ambiseta.
Hobsonia florida and Tharyx setigera. Among peracarids (Table VI.3), Hargeria rapax.
Corophium spp., Gammarus mucronatus. Ampelisca abdita. Melita nitida. Grandidierella
bonneroides. Edotea montosa. Orchestia costaricana were most abundant year to year.

Molluscan abundances (Table VI.4) were dominated by bivalves including Mulinia
lateralis. Amygdalum papyrium. a species of an unidentified genus, Tagelus sp., Tellina
spp. and Brachiodontes exustus. The oyster, Crassostrea virginica. was notable for its
absence. Gastropoda were rare.

Seasonal, Annual and Habitat Trends

The seasonal patterns of infaunal abundances are depicted in monthly means. The annual
patterns and trends of overall infauna (Figure VI.7), annelids (Figure VI.8), peracarids
(Figure VI.9), mollusks (Figure VI. 10) and miscellaneous taxa (Figure VI. 11) are
available for the years 1985, 1986, 1987 and 1988. The most complete monthly data
are from March 1985 through May 1986. In the remaining years, monthly samples were
taken but not all of the data has been processed. As a result, representation of annual
peaks and lows is fragmentary.

In general, the winter and early spring densities of infauna (cold months) were elevated
and late spring through fall densities (warm months) were low. Samples of marsh
substrate with plant material always had more infauna than samples of bare subtidal
substrate. Samples of marsh substrate without plant material had infaunal densities
equivalent to marsh with plants during the winter and early spring (high density months),
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Figure VI.6. Abundances of miscellaneous infauna and epifauna in sediment cores at
marsh sites in the Galveston Estuary: 78 cm2 cores, 4 cores each in spring, summer and
fall seasons. From Zimmerman et al. (1990).
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Table VI.2. Annual variation in percent abundance of annelid worms among infauna of three
types of habitats associated with a salt marsh on Galveston Island, Texas.

MARSH SUBSTRATE WITH PLANTS

ABUNDANCE RANK AMONG 66 SPECIES:
1. Streblospio benedicti
2. Oligochaete, unidentified
3. Capitella capitata
4. Mediomastus spp.
5. Mediomastus califormensis
6. Nereis (Neanthes) succinea
7. Polydora ligni
8. Heteromastus filiformis
9. Hobsonia gunneri
IQ.Melinna maculata
1 1 . Eumida sanguinea
12.Lysidice ninetta
13. Nereis falsa
14.Laeonereis culveri
15-Tharyx setigera

MARSH SUBSTRATE WITHOUT PLANTS

ABUNDANCE RANK AMONG 54 SPECIES:
1. Streblospio benedicti
2. Capitella capitata
3. Oligochaete, unidentified
4. Mediomastus cal iforniensis
5. Mediomastus spp.
6. Hobsonia gunneri
7. Heteromastus filiformis
8. Polydora ligni
9. Laeonereis culveri
10. Nereis (Neanthes) succinea
11.MeLinna maculata
12.Tharyx setigera
13.Stenoninereis martini
14-Lysidice ninetta
15.Chaetozone cf. sp. A

SUBTIDAL NONVEGETATED SUBSTRATE

ABUNDANCE RANK AMONG 65 SPECIES:
1. Streblospio benedicti
2. Capitella capitata
3. Oligochaete, unidentid.
4. Mediomastus spp.
5. Mediomastus cal iforniensis
6. Heteromastus filiformis
7. Tharyx setigera
8. Hobsonia gunneri
9. Mediomastus ambiseta
lO.Scoloplos fragilis
11. Polydora ligni
12 Melinna maculata
13. Laeonereis culveri
14.Aricidea (Acmira) philbinae
15-Chaetozone cf. sp. A

1985
%ANNE %TOTAL

59.97 25.31
19.98 8.43
12.12 5.12
1.95 0.82
2.22 0.94
0.67 0.28
0.45 0.19
0.22 0.09
0.37 0.16
0.29 0.12
0.04 0.02
0.12 0.05
0.00 0.00
0.20 0.08
0.04 0.02

1985
%ANNE %TOTAL

75.49 32.65
11.36 4.91
6.97 3.02
1.72 0.75
0.67 0.29
0.94 0.41
0.19 0.08
0.90 0.39
0.19 0.08
0.04 0.02
0.49 0.21
0.15 0.06
0.04 0.02
0.00 0.00
0.00 0.00

1985
%ANNE %TOTAL

75.50 38.28
3.13 1.59
4.46 2.26
3.32 1.69
0.76 0.39
0.28 0.14
3.42 1.73
1.23 0.63
2.56 1.30
0.66 0.34
1.14 0.58
0.28 0.14
0.85 0.43
0.00 0.00
0.00 0.00

1986
%ANNE %TOTAL

59.26 27.33
9.58 4.42
10.18 4.69
10.04 4.63
5.26 2.43
0.48 0.22
0.37 0.17
0.21 0.10
0.55 0.25
0.62 0.29
0.02 0.01
0.21 0.10
0.09 0.04
0.16 0.07
0.57 0.26

1986
%ANNE %TOTAL

77.14 48.04
8.45 5.26
6.63 4.13
0.89 0.55
3.57 2.23
0.71 0.44
0.23 0.14
0.20 0.13
0.39 0.24
0.23 0.14
0.18 0.11
0.66 0.41
0.00 0.00
0.09 0.06
0.00 0.00

1986
%ANNE %TOTAL

67.45 41.25
6.08 3.72
6.76 4.14
2.16 1.32
0.78 0.48
0.78 0.48
4.51 2.76
2.35 1.44
0.20 0.12
1.57 0.96
0.88 0.54
1.27 0.78
0.88 0.54
0.10 0.06
0.00 0.00

1987
%ANNE %TOTAL

45.07 12.35
20.05 5.50
18.71 5.13
1.47 0.40
7.12 1.95
0.98 0.27
0.33 0.09
0.16 0.04
0.56 0.15
0.29 0.08
1.63 0.45
0.72 0.20
0.82 0.22
0.20 0.05
0.00 0.00

1987
%ANNE %TOTAL

67.75 30.91
17.70 8.08
7.08 3.23
2.78 1.27
0.47 0.22
0.95 0.43
0.38 0.17
0.35 0.16
0.09 0.04
0.35 0.16
0.22 0.10
0.00 0.00
0.13 0.06
0.25 0.12
0.41 0.19

1987
%ANNE %TOTAL

57.95 32.43
16.70 9.35
2.92 1.63
1.41 0.79
4.73 2.65
3.42 1.91
1.61 0.90
1.81 1.01
2.11 1.18
1.41 0.79
0.40 0.23
1.21 0.68
0.10 0.06
0.40 0.23
0.50 0.28

1988
%ANNE %TOTAL

41.47 14.55
18.56 6.51
16.31 5.72
6.40 2.25
5.25 1.84
2.15 0.75
2.35 0.82
2.90 1.02
0.15 0.05
0.55 0.19
0.00 0.00
0.30 0.11
0.10 0.04
0.30 0.11
0.00 0.00

1988
%ANNE %TOTAL

77.51 53.22
9.56 6.57
5.69 3.91
1.79 1.23
0.16 0.11
0.26 0.18
1.79 1.23
1.06 0.72
0.26 0.18
0.29 0.20
0.16 0.11
0.00 0.00
0.42 0.29
0.10 0.07
0.03 0.02

1988
%ANNE %TOTAL

71.84 46.59
4.22 2.73
4.58 2.97
4.37 2.84
4.27 2.77
3.75 2.43
0.00 0.00
0.62 0.41
1.09 0.71
0.57 0.37
0.78 0.51
0.26 0.17
0.62 0.41
0.57 0.37
0.68 0.44
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Table VI.3. Annual variation in percent abundance of peracarid crustaceans among infauna of
three types of habitats associated with a salt marsh on Galveston Island, Texas.

MARSH SUBSTRATE WITH PLANTS

ABUNDANCE RANK AMONG 20 SPECIES:
1. Hangeria rapax
2. Corophium spp.
3. Gamma rus mucronatus
4. Melita cf. nitida
5. Grandidierella bonneroides
6. Orchestia cf. costaricana
7. Cymadusa compta
8. Ampelisca abdita
9. Edotea montosa
10.Elasmopus cf. levis

MARSH SUBSTRATE WITHOUT PLANTS

ABUNDANCE RANK AMONG 12 SPECIES:
1. Hangeria rapax
2. Corophium sp.
3. Gammarus mucronatus
4. Grandidierella bonneroides
5. Ampelisca abdita
6. Edotea montosa
7. Melita nitida
8. Cymadusa compta
9. Ampithoe sp.
10. Orchestia sp.

SUBTIDAL NONVEGETATED SUBSTRATE

ABUNDANCE RANK AMONG 11 SPECIES:
1. Ampelisca abdita
2. Corophium spp.
3. Hangeria rapax
4. Gammarus mucronatus
5. Edotea montosa
6. Grandidierella bonneroides
7. Listriella sp.
8. Amphipoda, unidentified
9. Caprella cf. equilibria
lO.Listriel la cf. clymenellae

1985
%PERA %TOTAL

51.47 28.81
40.67 22.76
5.84 3.27
0.21 0.12
0.27 0.15
0.30 0.17
0.00 0.00
0.13 0.07
0.06 0.03
0.00 0.00

1985
%PERA %TOTAL

66.67 37.03
30.82 17.12
0.67 0.37
0.44 0.24
0.44 0.24
0.12 0.06
0.00 0.00
0.03 0.02
0.06 0.03
0.00 0.00

1985
%PERA %TOTAL

44.70 20.90
28.42 13.29
23.17 10.83
0.10 0.05
0.51 0.24
1.03 0.48
0.00 0.00
0.10 0.05
0.00 0.00
0.00 0.00

1986
%PERA %TOTAL

51.77 27.02
38.29 19.99
6.86 3.58
0.00 0.00
0.22 0.12
0.00 0.00
0.00 0.00
0.55 0.29
0.49 0.25
0.59 0.31

1986
%PERA %TOTAL

75.06 27.73
23.10 8.54
0.31 0.11
0.12 0.04
1.07 0.40
0.04 0.01
0.04 0.01
0.00 0.00
0.00 0.00
0.00 0.00

1986
%PERA %TOTAL

71.38 24.52
8.55 2.94
13.09 4.50
0.52 0.18
1.40 0.48
0.70 0.24
0.00 0.00
0.35 0.12
0.35 0.12
0.17 0.06

1987
%PERA %TOTAL

43.42 31.23
46.17 33.21
7.65 5.50
0.00 0.00
1.07 0.77
0.39 0.28
0.49 0.35
0.10 0.07
0.20 0.14
0.00 0.00

1987
%PERA %TOTAL

65.34 35.29
25.69 13.88
4.86 2.63
2.11 1.14
1.23 0.66
0.21 0.12
0.00 0.00
0.24 0.13
0.00 0.00
0.05 0.03

1987
%PERA %TOTAL

60.05 24.89
4.08 1.69
10.60 4.39
18.07 7.49
2.04 0.84
1.90 0.79
0.27 0.11
0.00 0.00
0.00 0.00
0.00 0.00

1988
%PERA %TOTAL

26.79 17.08
44.55 28.40
5.89 3.76
9.86 6.28
6.77 4.32
4.27 2.72
0.47 0.30
0.25 0.16
0.06 0.04
0.06 0.04

1988
%PERA %TOTAL

71.47 21.68
24.04 7.29
0.36 0.11
0.65 0.20
0.36 0.11
0.29 0.09
0.72 0.22
0.00 0.00
0.00 0.00
0.00 0.00

1988
%PERA %TOTAL

57.04 19.01
23.00 7.66
13.78 4.59
0.81 0.27
1.52 0.51
1.42 0.47
0.10 0.03
0.00 0.00
0.00 0.00
0.00 0.00
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Table VI.4. Annual variation in percent abundance of mollusks among infauna of three types
of habitats associated with a salt marsh on Galveston Island, Texas.

MARSH SUBSTRATE WITH PLANTS

ABUNDANCE RANK AMONG 11 SPECIES:
1. Amygdalum papyri urn
2. Unidentified bivalve
3. Unidentified gastropod
4. Tellina spp.
5. Brachidontes exustus
6. Unidentified cerithidae
7. Sphenia antillens is
8. Mulinia lateral is
9. Mysella planulata
10. Tagelus sp.
11. S8975

MARSH SUBSTRATE WITHOUT PLANTS

ABUNDANCE RANK AMONG 14 SPECIES:
1. Unidentified bivalve
2. Tagelus sp.
3. Amygdalum papyri urn
4. Mysella planulata
5. Unidentified gastropod
6. Semele proficua
7. Acteocina canaliculata
8. Diastoma varium
9. Brachidontes exustus
lO.Cerithidea pliculosa
11 . Eulimastoma sp.
12. Mulinia lateralis
13. Tellina spp.
14. Unknown mollusk

SUBTIDAL NONVEGETATED SUBSTRATE

ABUNDANCE RANK AMONG 15 SPECIES:
1. Mulinia lateralis
2. Unidentified bivalve
3. Tagelus sp.
4. Acteocina canal iculata
5. Tellina spp.
6. Unidentified gastropod
7. Mysella planulata
8. Amygdalum papyri urn
9. Sphenia antillensis
10. Unidentified cerithidae
11 .Enis minor
12.Rictaxis punctostriatus
13. Unidentified Gastropod larva
14.Semele proficua
15. Unknown mollusk

1985
%MOLL %TOTAL

41.94 0.11
16.13 0.04
3.23 0.01
16.13 0.04
16.13 0.04
3.23 0.01
0.00 0.00
0.00 0.00
3.23 0.01
0.00 0.00
0.00 0.00

1985
%MOLL %TOTAL

50.00 0.10
0.00 0.00
25.00 0.05
0.00 0.00
0.00 0.00
16.67 0.03
0.00 0.00
0.00 0.00
8.33 0.02
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

1985
%MOLL %TOTAL

0.00 0.00
80.00 0.58
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
6.67 0.05
6.67 0.05
6.67 0.05

1986
%MOLL %TOTAL

14.29 0.04
39.29 0.12
0.00 0.00
10.71 0.03
7.14 0.02
10.71 0.03
10.71 0.03
0.00 0.00
3.57 0.01
0.00 0.00
3.57 0.01

1986
%MOLL %TOTAL

75.00 0.17
0.00 0.00
6.25 0.01
6.25 0.01
0.00 0.00
6.25 0.01
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
6.25 0.01
0.00 0.00

1986
%MOLL %TOTAL

13.79 0.24
17.24 0.30
0.00 0.00
0.00 0.00
20.69 0.36
6.90 0.12
17.24 0.30
0.00 0.00
13.79 0.24
10.34 0.18
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

1987
%MOLL %TOTAL

38.89 0.06
5.56 0.01
5.56 0.01
16.67 0.03
11.11 0.02
0.00 0.00
0.00 0.00
11.11 0.02
0.00 0.00

11.11 0.02
0.00 0.00

1987
%MOLL %TOTAL

0.00 0.00
23.08 0.04
15.38 0.03
15.38 0.03
23.08 0.04
0.00 0.00
15.38 0.03
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
7.69 0.01
0.00 0.00
0.00 0.00

1987
%MOLL %TOTAL

63.89 1.30
0.00 0.00
16.67 0.34
8.33 0.17
0.00 0.00
2.78 0.06
0.00 0.00
5.56 0.11
0.00 0.00
0.00 0.00
2.78 0.06
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

1988
%MOLL %TOTAL

57.14 0.28
7.14 0.04

35.71 0.18
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

1988
%MOLL %TOTAL

0.00 0.00
50.00 0.15
0.00 0.00
14.29 0.04
0.00 0.00
0.00 0.00
0.00 0.00
14.29 0.04
0.00 0.00
7.14 0.02
7.14 0.02
0.00 0.00
0.00 0.00
7.14 0.02

1988
%MOLL %TOTAL

17.39 0.14
13.04 0.10
13.04 0.10
13.04 0.10
8.70 0.07
13.04 0.10
4.35 0.03
8.70 0.07
0.00 0.00
0.00 0.00
0.00 0.00
8.70 0.07
0.00 0.00
0.00 0.00
0.00 0.00
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Figure VI.7. Mean abundances of infauna in three habitats at a salt marsh
in West Bay, adjacent to Galveston Island, Texas. Note: These are partial
results from those monthly sediment cores from which data were available

(78.5 sq.cm each).

but not during the late spring through fall (low density months). In low density months,
infaunal abundances were indistinguishable between marsh substrate without plants and
subtidal bare substrate.

Annelid Worms

Annelids dominated the infaunal abundances in most months, and the overall seasonal
pattern reflected changes in their densities (Figure VI.8). Likewise, the most abundant
annelid taxa, Streblospio benedicti (Figure VI. 12), oligochaetes (Figure VI. 13), and
Capitella capitata (Figure VI. 14), comprising 76 to 92 percent of all annelids annually
(Table VI.2), dominated the overall pattern for annelids.

Deviation from patterns established by dominant annelids were evident in lesser abundant
species. Mediomastus spp. (Figure VI. 15) were not always abundant in cold season
months and Mediomastus californiensis (Figure VI. 16) mainly associated with plants.
Mediomastus ambiseta (Figure VI. 17), unlike other congenera, were more abundant
subtidally than on the marsh surface. Polydora ligni (Figure VI. 18) were several times
more abundant in 1988 than preceding years. Nereis (Neanthes) succinea (Figure VI. 19)
were mostly associated with plant material and were abundant in cold seasons of all
years except 1985. Hobsonia florida (Figure VI.20) were equally abundant in all
habitats, peaked in the winter of 1986 then declined. Heteromastus filiformis (Figure
VI.21) were equally abundant in all habitats but more abundant in 1988 than preceding
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Figure VI.8. Mean abundances of annelids in three habitats at a salt marsh
in West Bay, adjacent to Galveston Island, Texas. Note: These are partial
results from those monthly sediment cores from which data were available
(78.5 sq.cm each).

Figure VI.9. Mean abundances of infaunal crustaceans in three habitats at
a salt marsh in West Bay, adjacent to Galveston Island, Texas. Note: These
are partial results from those monthly sediment cores from which data
were available (78.5 sq.cm each).



Figure V I . l l . Mean abundances of other taxonomic groups in three

habitats at a salt marsh in West Bay, adjacent to Galveston Island, Texas.

Note: These are partial results from those monthly sediment cores from
which data were available (78.5 sq.cm each).
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Figure VI. 10. Mean abundances of infaunal mollusks in three habitats at a
salt marsh in West Bay, adjacent to Galveston Island, Texas. Note: These
are partial results from those monthly sediment cores from which data
were available (78.5 sq.cm each).



Figure VI. 13. Mean abundances of oligochaetes (Oligochaeta) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores

from which data were available (78.5 sq.cm each).
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Figure VI. 14. Mean abundances of Capitella capitata (Polychaeta) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).

Figure VI. 15. Mean abundances of Mediomastus spp. (Polychaeta) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).
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Figure VI. 16. Mean abundances of Mediomastus californiensis (Polychaeta)
in three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).

Figure VI. 17. Mean abundances of Mediomastus ambiseta (Polychaeta) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).
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Figure VI. 18. Mean abundances of Polydora ligni (Polychaeta) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).

Figure VI. 19. Mean abundances of Nereis (Neanthes) succinea (Polychaeta)
in three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).
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Figure VI.20. Mean abundances of Hobsonia florida (Polychaeta) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).

Figure VI.21. Mean abundances of Heteromastus filiformis (Polychaeta) in

three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.crri each).
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years. Thyrax setigera (Figure VI.22) were more abundant subtidally, peaked in 1986
but declined by 1988. Melinna maculata (Figure VI.23) were about the same abundance
in all habitats, except that in 1985 and 1986 more were directly associated with marsh
plants.

Peracaridean Crustaceans

Peracarids (Figure VI.9) reflected the overall seasonal pattern of infauna even more
closely than annelids. Cold season increases were regularly followed by warm season
decline in abundances. Peracarids were usually, but not always, more abundant in
association with marsh plants.

Hargeria rapax (Figure VI.24), a tanaidacean, were abundant on the marsh surface and
highly associated with plant material. This species was low in abundance on subtidal
substrate. The next three ranked peracarids were amphipoda. Corophium sp. (Figure
VI.25) were also associated with the marsh surface and low in abundance on subtidal
substrate. Gammarus mucronatus (Figure VI.26) were highly associated with plants,
usually but not always on the marsh surface. High densities of G. mucronatus on
subtidal substrate in March 1987 were due association with a macroalgae. Ampelisca
abdita (Figure VI.27) were associated with bare subtidal substrate.Cold season densities
of Ampelisca were always high on subtidal bottom. Edotea montosa (Figure VI.28), an
isopod, were equally abundant between the marsh and subtidal habitat, and abundance
in 1985 was low compared to following years. Grandidierella bonneroides (Figure
VI.29) were associated with the marsh surface, but densities were high only in the cold
seasons of 1987 and 1988. Melita nitida (Figure VI.30) only occurred in high abundance
(in association with marsh plants) in July of 1988. Orchestia costaricana (Figure VI.31)
were strictly associated with marsh plants, peaked in March 1988, but intermittently
occurred in other years.

Mollusks

Molluscan infauna (Figure VI. 10) did not conform to patterns of overall infaunal
abundance. Mollusks were equally abundant among habitats and their seasonal patterns
varied considerably among years.

Mollusks were mainly bivalves. Amygdalum papyrium (Figure VI.32) was the dominant
bivalve, occurring in highest numbers densities in the marsh and becoming more
numerous in 1988 than preceding years. Amygdalum were as abundant in the warm
season as in the cold season. Mulinia lateral is (Figure VI.33) were more abundant
subtidally. Their highest density occurred in the summer of 1987. A category of
unidentified bivalves (Figure VI.34) was abundant subtidally across all years and on the
marsh surface in 1985 and 1986. Tagelus sp. (Figure VI.35) were more abundant
subtidally. They were absent from the marsh surface in 1985 and increased in numbers
in all habitats between 1986 and 1988.
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Figure VI.22. Mean abundances of Tharyx setigera (Polychaeta) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).

Figure VI.23. Mean abundances of Melinna maculata (Polychaeta) in three
habitats at a salt marsh in West Bay, adjacent to Galveston Island, Texas.
Note: These are partial results from those monthly sediment cores from
which data were available (78.5 sq.cm each).
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Figure VI.24. Mean abundances of Hargeria rapax (Tanaidacea) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).

Figure VI.25. Mean abundances of Corophium sp (Amphipoda) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).
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Figure VI.26. Mean abundances of Gammarus mucronatus (Amphipoda) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).

Figure VI.27. Mean abundances of Ampelisca abdita (Amphipoda) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).
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Figure VI.28. Mean abundances of Edotea montosa (Isopoda) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).

Figure VI.29. Mean abundances of Grandidierella bonneroides (Amphipoda) in

three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).
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Figure VI.30. Mean abundances of Melita cf. nitida (Amphipoda) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).

Figure VI.31. Mean abundances of Orchestia cf. costericana (Amphipoda) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).
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Figure VI.32. Mean abundances of Amygdalum papyrium (Bivalvia) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).

Figure VI.33. Mean abundances of Mulinia lateralis (Bivalvia) in
three habitats at a salt marsh in West Bay, adjacent to Galveston Island,
Texas. Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).
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Figure VI.34. Mean abundances of unidentified bivalves in three habitats
at a salt marsh in West Bay, adjacent to Galveston Island, Texas.
Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).

Figure VI.35. Mean abundances of Tagelus sp. (Bivalvia) in three habitats
at a salt marsh in West Bay, adjacent to Galveston Island, Texas.

Note: These are partial results from those monthly sediment cores
from which data were available (78.5 sq.cm each).
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Miscellaneous taxa (Figure VI. 11) were mainly insect larvae that had abundance patterns
similar to all infauna combined. Highest densities were in late winter and early spring.
They were usually found in association with plants in the marsh.

DISCUSSION

Dominant Marsh Infauna of the Galveston Estuary

Abundances of marsh infauna in the Galveston Estuary varied with salinity in a 1987
survey (Table 6 in Zimmerman et al. 1990). Dominance among species is available
from the survey, although it has limited value because of the relatively small sample size
(only one fourth of the cores were analyzed for species composition).

The Upper System

Annelids dominated infauna in the oligohaline delta marshes of the upper system in
Trinity Bay. The main worms were Laeonerieis culveri and several species of
oligochaetes. Peracarid crustaceans, abundant elsewhere, were nearly absent at the delta.
Among mollusks, Rangia cuneata and R. flexuosa were abundant in sub tidal habitats
adjacent to delta marshes.

The Middle System

In mesohaline marshes of Moses Lake and Smith Point, on the margin of Galveston Bay
proper, infauna attained their highest densities and greatest variability. Dominant
annelids were Streblospio benedicti. oligochaete spp., Capitella capitata. Polydora ligni
and Hobsonia florida. Peracarids were mainly Hargeria rapax. Corophium sp.,
Ampelisca abdita. Grandidierella bonneroides and Gammarus mucronatus. Abundant
mollusks were Amygdalum papyrium. Tellina sp., Odostomia sp. and Crassostrea
virginica.

The Lower System

Infaunal densities in polyhaline marshes of West Bay and Christmas Bay were
intermediate to those of the upper and middle system. Annelid and peracarid species
were similar to those of the mid-bay. Annelids were dominated by Steblospio benedicti.
Capitella capitata and oligochaete spp. Peracarids were dominated by Hargeria rapax.
Ampelisca abdita and Grandidierella bonnieroides. The most abundant mollusks were
Acteocina canaliculata. an unidentified gastropod species and Mulinia lateralis.

The dominant infauna in marshes of the Galveston Estuary have affinities to infauna of
temperate marshes of the southeastern Atlantic. Hargeria. Streblospio. Capitella.
oligochaetes and insect larvae were listed as dominants of salt marshes studied in Georgia
(Knieb 1984) and North Carolina (Rader 1984). Wiegert and Freeman (1990) also refer
to the abundance of terrestrial arthropods in Atlantic coast salt marshes. Insect larvae
were common in Galveston Estuary marshes.
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In northeastern Gulf of Mexico marshes (reviewed by Stout 1984), dominant annelids
(oligochaetes, Nereis (Neanthes) succinea. Scoloplos fragilis) and peracarids
fHalmyrapseudes bahamensis. Cyathura polita) differed from Galveston Estuary
dominants. Mollusks common in low elevation northeastern Gulf marshes (Cyrenoidea
floridiana and Geukensia demissa) were uncommon in Galveston Estuary marshes.

Infauna in Barataria Basin marshes (reviewed by Sikora and Sklar 1987) more similar
to infauna of Galveston Estuary marshes. However, peracarids were more diverse and
dominated numerically over annelids in the Barataria compared to the Galveston system.
Dominant peracarids in common with Galveston Estuary marshes were Hargeria rapax.
Gammarus mucronatus. Corophium louisianum. Ampelisca abdita and Grandidierella
bonnieroides.

Habitat Relationships

Densities of marsh infauna were generally higher on the marsh surface than in adjacent
bare subtidal habitat. In the marsh, infauna were usually more numerous in association
with plants than on substrate between the plants. These findings are supported by Rader
(1984) who found that samples with culms of Spartina contained significantly higher
numbers of infauna than samples without plant material. Infauna with consistently higher
densities in the marsh (usually significantly greater in the marsh during peak abundance
than on subtidal substrate) were oligochaete spp., Streblospio benedicti. Capitella
capitata. Nereis (Neanthes) succinea. Hargeria rapax. Corophium sp., Gammarus
mucronatus. and Orchestia cf. costaricana. Some species found in the marsh were more
numerous subtidally. These included the polychaetes, Mediomastus ambiseta.
Heteromastus filiformis and Tharyx setigera. the amphipod, Ampelisca abdita. and the
bivalve, Mulinia lateralis.

Temporal Relationships

Most of the marsh infauna displayed characteristic seasonal periodicity with peak yearly
abundances in the late winter and early spring. Sikora and Sklar (1987) noted this cold
season peak in marsh amphipods in the Barataria Basin. Infaunal densities decline
sharply in April and May to warm season levels that are maintained until late fall. Ten
years of infauna data from Flint and Younk (1983) in Corpus Christi Bay also
demonstrate this pattern. Infaunal densities in marsh samples without plant material
declines to the greatest degree.

The seasonal changes in infaunal densities are attributed to effects of aquatic predators.
Shrimp, crab and fish predators are most abundant in the warm season and least
numerous in the cold season (see seasonal abundance data for natant predators in the
Galveston Estuary in Baxter and Renfro 1967, Zimmerman and Minello 1984, and
Zimmerman et al. 1990). Inundation of western Gulf marshes progressively increases
from mid-winter to end of spring, due to seasonal elevation in tidal level (Turner 1991),
making marsh surfaces more accessible to predators (Zimmerman et al. 1991).
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SUMMARY AND RECOMMENDATIONS FOR MONITORING

Marsh infauna in the Galveston Estuary are comprised of species expected in temperate
estuarine systems. Dominant species are annelids and peracarids that are commonly
abundant in other systems. Local composition is strongly influenced by salinity regime.

A survey in 1987 showed that marsh infauna increased in diversity from oligohaline to
polyhaline (upper to lower) parts of the system. Abundances and species varied between
the major taxonomic groups depending upon the area of the bay. Annelids were least
diverse but most numerous in the upper bay. Peracarids were highest in abundance and
diversity in the middle bay. Mollusks were most diverse in the lower bay.

Annual data on marsh infauna were only available from one site (the State Park marsh
on Galveston Island in the lower system). Seasonal change is the strongest signal in
these data and there are no evident annual trends. The detection of annual trends is
severely restricted by the low number of years covered (only 4 years are available) and
incomplete processing of the monthly data sets.

At a minimum, all of the remaining samples from the four year period at the State Park
need to be processed. This would establish at least one competent baseline for the lower
bay against which future sampling efforts could be compared.

Optimally, marsh sites also need to be established in other parts of the estuary with
contrasting salinity regimes (upper and middle areas) for developing additional multi-
year baseline data sets. The Trinity delta and Smith Point areas have existing marsh
infauna data and may be good candidates for such monitoring.

Monitoring of marsh annelids and peracarids is important because of their role as forage
for juveniles of other species. Many worms, amphipods and tanaeids thrive on the
microalgae and plant detritus in marshes. The abundance and availability of these prey
are vital to the productivity of secondary consumers, and especially to the juveniles of
fishery species. Because marshes simultaneously provide abundant food and cover, and
alternate habitats such as mangroves, algae beds and seagrasses are virtually absent from
the Galveston Estuary, marshes are the principal nurseries. The species composition and
abundances of infaunal in these marshes is a key component of the system.

The monitoring of marshes and their infauna needs to be established as a long-term
program for the Galveston Estuary.
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VII. CHARACTERIZATION OF OPEN BAY BENTfflC ASSEMBLAGES
OF THE GALVESTON ESTUARY AND ADJACENT ESTUARIES

FROM THE SABINE RIVER TO SAN ANTONIO BAY

Donald E. Harper, Jr.

INTRODUCTION

With the inception of the Galveston Bay National Estuarine Program, the need for
long-term data sets has become critical. Managers need to know what "was" before they
can begin to assess the types and magnitude of changes that have occurred in the
Galveston Bay System. Long-term data sets for benthos are, by and large, lacking.
Many graduate students have conducted one-year studies in various parts of the bay, as
have researchers intent on documenting the environmental effects of one or more types
of pollution. Funding agencies, however, typically allot one, two, or perhaps three years
of study to ecological projects, which does not give the investigator sufficient time to
dissect background "noise" out of the data, much less allow the examination of long-term
trends. To date, there have been no efforts to identify or assimilate these discrete studies
into an overall data base for the bay system. This report attempts to rectify that situation
and draw conclusions as to the seasonal trends, interannual differences and geographic
distribution of the macrobenthos and abiotic characteristics.

MATERIALS AND METHODS

A search was made of holdings in the author's personal library, and libraries at Texas
A&M University at Galveston, Texas A&M University at College Station, Rice
University, University of Houston (including U.H.-Clear Lake), University of Texas, and
the National Marine Fisheries Service, Galveston. Published literature, unpublished
research reports, and theses and dissertations held in university libraries were located via
on-line computer searches of library holdings to obtain a comprehensive list of data sets
pertaining to soft bottom (mud, sand, mixed bottoms), open water (i.e. non-marsh)
benthic assemblages in the Galveston Estuary. In addition, Texas Water Commission
personnel were interviewed to ascertain the status of benthic data not yet analyzed.

An annotated bibliography was prepared listing each reference found. Annotations
include items such as: period and location of study, collecting and preservation methods,
sample and data analysis techniques, type of data reported, archival status of samples and
data (if known). An abstract was prepared for each citation which listed the dominant
species and briefly described the seasonal trends in temperature, salinity, and other
abiotic characteristics measured, and abundance trends of the infauna.

The data presented herein pertain only to level bottom macrobenthic assemblages (usually
defined as those benthic organisms retained on a 0.5 mm mesh sieve). No data on
oyster reef assemblages or meiobenthos have been included.
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RESULTS AND DISCUSSION

History of Investigations of Macrobenthic Assemblages

The earliest studies of "benthic" organisms were commercially-driven surveys of oyster
reefs in Texas estuaries. Rathburn (1895) conducted the earliest oyster reef survey.
Moore (1907) surveyed the oyster bottoms in Matagorda Bay in 1905, and subsequently
(1913) in Lavaca Bay (Moore and Danglade 1915). Hopkins (1931) studied factors
influencing the spawning and settling of oysters in Galveston Bay. Galtsoff (1931)
surveyed oyster bottoms in Texas estuaries in 1926. The overall molluscan fauna was
also reasonably well known, with species lists having been compiled by Johnson (1934)
and Pulley (1952), but relatively little was known about the other taxa inhabiting bay
bottoms. No quantitative studies were undertaken prior to 1950 (Hedgpeth 1954).

The next phase of macrobenthic studies, which began in the early 1950s, consisted of
defining "communities" in relation to environmental factors (temperature, salinity,
substrate). This research was largely driven by petroleum geologists' need to understand
which fossil assemblages were associated with what environmental conditions. The
"communities" described consisted predominantly of molluscan species, the shells of
which preserve well (Ladd 1951, Ladd, Hedgpeth and Post 1957, Parker 1959, Parker
1960). These studies also concentrated more on south Texas estuaries and offshore
bottoms than the Galveston Estuary area.

Beginning about 1970, biologists began studying infaunal assemblages in detail, usually
in response to concerns about the effects of a particular pollutant, or the total pollutants
in a general area. Quantitative samples were collected using several types of sampling
devices, and the total assemblage was analyzed. Abiotic data, such as temperature,
salinity, dissolved oxygen and sediment characteristics, were collected, allowing the
investigators to determine the influence of these factors on populations or assemblages.
Many of these studies were conducted over a period of a year or more, and many
overlapped temporally, allowing some assessment of seasonal changes in species
composition and abundance.

Sampling Methods Used by Investigators

Comparison of the data sets is complicated because various investigators have used
different sampling devices and techniques. While the majority of studies reviewed have
used Ekman grab samplers, the Peterson grab, Ponar grab, Jackson volumetric sampler,
Emory sampler, orange peel grab, spade corer, coring tube, and dredges were also used.
The surface area sampled by the quantitative devices (i.e. excluding dredges) ranged
from 20.25 cm2 to 0.25 m2. Because of the array of sampler sizes, it is not possible to
directly compare diversity among studies, although numbers of individuals may be
compared by extrapolating raw numbers to numbers per m2 (extrapolation factor range
= 4 to 494).
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The majority of investigators washed their samples on 0.5 mm mesh sieves, but sieve
sizes used ranged from 2.0 mm to 0.25 mm. The sieve size can drastically alter the data
collected; many of the macrobenthic species are small and pass through larger mesh
sizes. This was documented by Armstrong et al. (1977, 1979) when the investigators
switched from a 0.5 mm to a 0.25 mm mesh sieve in mid-project and obtained 20-40
times more organisms per sample because smaller infauna such as nematodes, rotifers
and copepods (which are usually classified as meiofauna) were collected in large
numbers.

The number of replicate samples collected was most frequently 3, with a range of 1 to
5. Attempts to determine within-site variability and to determine the optimum sample
number necessary to estimate benthic abundances were made by Harper (1973) offshore
from Galveston, and in Matagorda Bay by Shipley (1987). At the offshore site, it was
determined that optimum sample numbers ranged from 6 (soft clay) to > 10 (sand and
sand-mud). In Matagorda Bay (soft clay) the optimum sample number was 6.

Most investigators sieved samples in the field to remove sediments and then fixed
samples in formalin (5 to 10%). In a few projects, most notably the long-term study of
the Cedar Bayou power plant (Williams 1972, Poff 1973, McBee 1975) and in Gillard's
(1974) study of Upper Galveston Bay, the entire sample was placed in a bucket and
returned to the laboratory where it was washed with fresh water before being placed in
formalin. It has been the author's experience that delaying fixation and washing with
fresh water may result in soft-bodied organisms (e.g. polychaetes, nemerteans) swelling
or bloating and not fixing properly, making subsequent identification more difficult.

Areas Sampled Within the Galveston Estuary

Studies conducted within the Galveston Estuary, and in nearby bays, are listed by estuary
in Table VII. 1. Most studies were concentrated in Trinity Bay-Upper Galveston Bay,
or in West Bay. Figure VII. 1 depicts the portions of the Galveston Estuary sampled
during investigations of discrete portions of the system, and Figure VII.2 depicts the time
spans of these studies. From 1969 to 1975, Trinity Bay and Upper Galveston Bay
benthic assemblages were sampled extensively in relation to general ship channel
pollution (Gillard 1974), thermal pollution (Williams 1972, Poff 1973, McBee 1975), and
oilfield brine pollution (Mackin 1971, Armstrong et al. 1977, 1979). Several areas in
West Bay (including bayous opening into West Bay) were sampled from 1976 to the
present (Potts 1978, Fort 1983, Dent 1983, Nance 1984, Walker unpub., Harper
unpub.).

Areas Sampled in Adjacent Estuaries

Studies in adjacent estuaries are listed in Table VII. 1 and the time spans are shown in
Figure VII.3. In the Sabine River area, Harrel et al. (1976) investigated the effects of
construction and removal of the Neches River barrier (no quantitative data included), and
Wern (1980) attempted to determine if pollutants were being carried into Sea Rim State
Park.
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Table VII.1. Macrobenthos studies conducted in the Galveston
Estuary and adjacent bay systems arranged by location.

GALVESTON ESTUARY STUDIES

GALVESTON ESTUARY-WIDE STUDIES
Parker 1960
Bechtel, Copeland and Whitefield 1970.
Holland, Masciolek and Oppenheimer 1973
White et al. 1985
Texas Water Commission (unpub.)

TRINITY BAY STUDIES
Mackin 1971
Williams 1972
Poff 1973
Strawn et al. 1974
McBee 1975
Armstrong et al. 1977, 1979

UPPER GALVESTON BAY STUDIES
Gillard 1974

LOWER GALVESTON BAY STUDIES
Wardle 1970
Harry 1976

WEST BAY STUDIES
Ray 1978 (unpub.) (New Bayou)
Potts 1978 (Eckert Bayou)
Ray 1979 (unpub.) (Halls Bayou)
Fort 1983 (Laguna del Oro)
Dent 1983
Nance 1984 (New Bayou)
Ray, Harper and Webb 1985 (unpub.)
Mayfield 1988
Landry et al. 1990
Walker (unpub.) (Eckert Bayou)
Harper (unpub.) (Eckert Bayou)
Harper (unpub.) (Highland Bayou Diversionary Canal)

BOLIVAR ROADS STUDIES
Henry 1976

CHRISTMAS BAY
Conte and Parker 1971
Craig and Bright 1986
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Table VII.1. (continued)

ADJACENT ESTUARY STUDIES

SABINE RIVER AREA
Harrel et al. 1976 (Sabine River)
Ray (unpub.) (Sea Rim State Park)
Wern 1980 (Sea Rim State Park)

LAVACA AND MATAGORDA BAYS
Shenton 1957
Marland 1958
Mackin 1971
Harry and Littleton 1973
Gilmore et al. 1976
Woodward-Clyde 1977

SAN ANTONIO BAY
Matthews and Marcin 1973
Matthews, Marcin and Welsh 1974
Harper and Hopkins 1973, 1976

Macrobenthic studies in the Lavaca-Matagorda Estuary pertained to oilfield brine
pollution (Mackin 1971), effects of thermal effluent discharge (Moseley and Copeland
1971) and effects of freshwater inflow (Gilmore et al. 1976). Non-quantitative studies
of the areal distribution of specific groups were conducted by Shenton (1957;
foraminiferans), Marland (1958; mollusks, large crustaceans), and Harry and Littleton
(1973; mollusks, ostracods).

San Antonio Estuary macrobenthos were studied in relation to freshwater inflow
(Matthews and Marcin 1973, Matthews et al. 1974) and effects of oyster shell dredging
(Harper and Hopkins 1973, 1976).

Areal Distributional Patterns of Macrobenthic Assemblages
in the Galveston Estuary

Estuary-wide studies of infaunal organisms have generally been conducted in one of two
ways: stations are closely spaced and no seasonal data are collected, or a few stations
representative of the estuary are sampled quarterly to monthly. The former studies are
invaluable for determining the sediment composition over the entire bay (which will
change relatively slowly over time), but are of limited usefulness for determining biotic
communities, because: (1) several months may be required to collect the samples, and
during the time required to complete this undertaking, the benthic organisms' abundances
and species composition almost certainly change, sometimes dramatically, in response
to changes in temperature or the salinity regime; for example, Harper and Hopkins
(1973, 1976) collected benthic samples monthly throughout San Antonio Bay and
documented rapid changes in populations of species during and following a major flood
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on the Guadalupe River; (2) rapid collection of all samples by several field crews
provides a "snapshot" of assemblages at one point in time. In the latter type of study,
sampling occurs more frequently at fewer stations allowing comparison of temporal
trends within an estuary, but spatial coverage is very limited.

Two major estuary-wide surveys have been conducted in the Galveston Estuary, one by
Parker (1960) and one by the Bureau of Economic Geology (White et al. 1985). White
et al. (1985) collected single core samples on one-mile centers throughout the Texas
bay systems and in the nearshore shallow waters in the open Gulf. Parker (1960) used
van Veen and orange peel grabs, and samples were washed on a 1-mm sieve. There was
no indication of replicate sampling. Parker defined several macrofaunal assemblages,
based mostly on mollusks, in relation to salinity and substrate characteristics. White et
al. used most of the same assemblage categories delineated by Parker, but used all taxa
of benthic organisms in establishing assemblages. Another difference between the
surveys is that while Parker (1960) depended to some extent on the reports of Galtsoff
(1931), Pulley (1953), and Reid (1955) in delineating his assemblages and their habitats,
he sampled during the "7-year drought" that occurred in Texas from 1950-1957. During
this time, river discharge decreased and salinities in the estuary increased (in July and
August 1954, average maximum salinities were 37.1 and 37.5 ppt, respectively, at the
Galveston Channel monitoring station; Harper 1977). Salinities were lower during the
Bureau of Economic Geology sampling program (White et al. 1985).

White et al. (1985) found that Polychaeta, Mollusca and Crustacea were the dominant
taxa. The largest numbers of polychaetes occurred in muddy bottoms while crustaceans
were most abundant on sandy bottoms.

Figure VII. 1 (opposite). Map of the Galveston Estuary showing areas referred to
in the text or appendices.

A. Mackin 1971, Williams 1972, Poff 1973, Strawn et al. 1974, McBee 1975
C. Armstrong et al. 1975
D. Gillard 1974
E. Wardle 1970
F. Potts 1978, Walker unpub., Harper unpub.
G. Ray (1979) unpub.
H. Fort 1983
I. Dent 1983
J. Nance 1984, Ray (1978) unpub.
K. Mayfield 1988
L. Landry et al. 1990
M. Harper unpub.
N. Henry 1976
O. Conte and Parker 1971
P. Craig and Bright 1985
X. Holland, Maciolek and Oppenheimer 1973 (numbers are station numbers)
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Figure VII.2. Duration of monthly or semimonthly macrobenthic assemblage sampling
programs at discrete localities within the Galveston Estuary, 1969-1991.
| = start or stop of sampling program; —x x— = data gap
Harper (unpub): 1 - Eckert Bayou; 2 - Highland Bayou Diversionary Canal
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SABINE RIVER AREA

YEAR J F M A M J J A S O N D
1970 | Harrel et al. x
1971 x Harrel et al.
1972 Harrel et al. j
1973
1974
1975
1976
1977
1978 | Wern
1979 Wern 1

x x = data gap

LAVACA BAY-MATAGORDA BAY AREA
YEAR J F M A M J J A S O N D
1969 + + +
1970 + + + +

| Mackin
1971 +

Mackin 1
1972

1973 | Gilmore et al.

1974 Gilmore et al.

1975 Gilmore et al. 1

+ = Moseley and Copeland quarterly data

SAN ANTONIO BAY AREA

YEAR J F M A M J J A S O N D

1972 j Harper and Hopkins

|—Matthews and Marcin—|—Matthews et al.—
1973 —H&H |

Matthews et al. 1

Figure VII.3. Duration of monthly or semimonthly macrobenthic assemblage sampling
programs at discrete localities within bay systems adjacent to Galveston Bay, 1969-1979.
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The soft bottom assemblages, based on Parker (1960), White et al. (1985), personal
observation and other studies cited below (with annotations), include:

River-influenced, low salinity assemblage: Salinity < 10 ppt. Usually found
in upper and middle portions of bays with permanent river mouths.

Rangia cuneata (Bivalvia) - This clam is very abundant in beds, usually fairly
close to river discharges. Isolated populations, however, may be found in
higher salinity areas. Rangia's reproductive physiology requires salinity to rise
above near 0 ppt or to decrease below 15 ppt to induce gametogenesis
(Hopkins, Anderson and Horvath 1973). A major flood may induce
gametogenesis and allow larvae to survive and metamorphose downbay and
establish a population of adult animals as was found along the Intracoastal
Waterway in San Antonio Bay (Harper, unpub.). These adults are thus
indicators of former, not necessarily current, salinity conditions.
Rangia flexuosa (Bivalvia) - Not as common as JL cuneata.
Macoma mitchelli (Bivalvia) - Most authors regard this species as indicative

of low salinity (Harry 1976), but Nance (1984) and Landry et al. (1990)
found it to be a member of marine or estuarine assemblages.

Texadina (=Littoridina sphinctostoma) (Gastropoda)
Vioscalba louisianae (= Probythinella grotera) (Gastropoda)
Streblospio benedicti (Polychaeta)
Mediomastus ambista (Polychaeta)
Hobsonia florida (=Hypaniola gunneri floridus = Amhicteis gunneif)

(Polychaeta) - This is a good indicator of recent flood conditions in a bay
system. Hobsonia apparently thrives in very low salinity (Ray unpub.)

Tubificioides heterochaetus (Oligochaeta)
Peloscolex gabriellae (Oligochaeta)
Macrobrachium spp. (Crustacea) - Usually only found in the bay when the

salinity is very low, i.e. following a flood.
Chironomidae (Insecta) - Chironomids may be very abundant in low salinity

assemblages.

Enclosed bay or interreef assemblage (not recognized by White et al. 1985 as a
separate assemblage, but included with open bay assemblage): Varying
temperatures, salinities and bottom composition. Organisms tend to be tolerant
of environmental change.

Nuculana acuta (Bivalvia)
Nuculana concentrica (Bivalvia)
Mulinia lateralis (Bivalvia)
Tagelus plebeius (Bivalvia)
Ensis minor (Bivalvia)
Acteocina ( = Retusa) canaliculata (Gastropoda)
Streblospio benedicti (Polychaeta)
Mediomastus ambiseta (Polychaeta)
Microphiopholis atra (= Amphiodia limbata^ (Ophiuroidea)
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Open bay assemblage: Salinity range 20-35 ppt, temperature range 8-36 C,
sediments predominantly silty clay to clayey silt.

Abra aequalis (Bivalvia)
Corbula contracta (Bivalvia)
Mulinia lateralis (Bivalvia)
Nuculana concentrica (Bivalvia)
Pandora trilineata (Bivalvia)
Periploma orbicularis (Bivalvia)
Acteocina canaliculata (Gastropoda)
Paraprionospio pinnata (Polychaeta) - much more abundant offshore, but does
invade lower bay when salinity conditions are favorable.

Bay margin assemblage: Shallow, sandy bottoms.

Ensis minor (Bivalvia) - Deeper burrowing form. May not be collected unless
young.

Heteromastus filiformis (Polychaeta)
Streblospio benedicti (Polychaeta)
Mediomastus ambiseta (Polychaeta)
Capitella capitata (Polychaeta)
Ampelisca abdita (Crustacea) - Especially abundant where detritus is present

(Potts 1977, Walker unpub.).
Corophium louisianum (Crustacea)
Hargeria rapax (= Leptochelia dubia) Crustacea)

Inlet and deep channel assemblage: Salinity usually near-Gulf, temperature more
stable than in shallower areas, sediments sand and shelly sand.

Nassarius acutus (Gastropoda) - The most abundant species on nearshore Gulf
bottoms in the Galveston area (Harper 1970)

Tellina texana (Bivalvia)
Owenia fusiformis (Polychaeta) - Abundant on nearshore Gulf bottoms in the

Galveston area (Harper 1970).
Onuphis eremita oculata (Polychaeta) - Abundant on nearshore Gulf bottoms

in the Galveston area (Harper 1970).

Some polychaetes listed as characteristic of more than one assemblage by White et al.
(1985) are nearly ubiquitous in the estuaries, i.e. Mediomastus ambiseta (reported in
most studies as M. californiensis. which is an offshore species) and Streblospio benedicti.
or widespread, i.e. Paraprionospio pinnata. Harper (1973) and Harper and Hopkins
(1976) found Mediomastus and Streblospio most abundant at salinities of 12.5 ppt and
10-12 ppt, respectively, while Nance (1984) found both species to be most abundant at
> 24 ppt.
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The reader must be aware that these assemblages are not static and that there are no
"boundary lines" separating one assemblage from another. At any point in time these
assemblages intergrade into one another along a salinity and sediment gradient. Also,
any given portion of the bottom may have an Open Bay assemblage one year and a River
Influenced assemblage the next year, depending on salinity conditions. This was well
documented by Harper and Hopkins (1973, 1976) in San Antonio Bay and by Nance
(1984) in New Bayou. Both conducted studies preceding, during, and following major
flooding events. Thus, within the Galveston Estuary, the assemblage "boundaries"
described by Parker (1960) do not correspond with the boundaries described by White
et al. (1985) based on more recent data collected when salinities were lower.

Temporal Distribution Patterns of Macrobenthic Assemblages

Most of the studies reviewed reported a unimodal abundance pattern for the
macrobenthos, with the peak occurring in the spring, usually between February and May,
depending on the year and location of the study. In a few instances, a bimodal
abundance pattern was reported, with the second maximum occurring in the fall. Most
studies, however, indicated that macrobenthic abundances decline through the summer
and reach a nadir in the September-November period of the year before beginning to
increase again. Interannual differences occur not only in the timing of peak abundances,
but also in the total numbers attained. Analysis of within-season variability by Harper
and Nance (1985) following a seven-year study of the macrobenthos offshore from
Freeport indicated that the greatest variability in total abundance occurred in the winter
quarter (February) and the smallest variability occurred in the fall quarter (November).

Temperature is probably the primary abiotic factor controlling the seasonal cycle; many
of the abundant macrobenthic species appear to be spring spawners and may produce
several cohorts (cf. Mayfield 1988). Salinity can, however, alter the seasonal cycle.

Mediomastus ambiseta and Streblospio benedicti were most frequently the numerically
dominant species in the Galveston Estuary and in adjacent systems. The populations of
these species may be so large that they control the abundance trends of the entire
assemblage at a particular site.

Trinity Bay-Upper Galveston Bay Studies

Three major studies were conducted in the Trinity Bay-Upper Galveston Bay area
between 1969 and 1975: the Houston Power and Light Cedar Bayou power plant
(HL&P) project (Williams 1972, Poff 1973, McBee 1975), the Upper Galveston Bay
pollution study (Gillard 1974), and the Humble Oil Company (now Exxon) brine
separator study (Mackin 1971, Armstrong et al. 1977, 1979). All three studies used
Ekman grabs (or a modified version thereof), but the sieve sizes varied. A 0.82 mm
sieve was used on the HL&P project, whereas Gillard and Mackin used a 0.5 mm sieve
and Armstrong et al. used a 0.5 mm sieve until December 1974 and then switched to a
0.25 mm mesh sieve.
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Salinities in the area were < 10 ppt in the latter part of 1969 through July 1970
(Williams 1972). Salinities increased to 11-15 ppt in September-October 1970, then
decreased briefly to 3-7 ppt in November before increasing to about 13 ppt by December
1970. Macrobenthic abundances were low in 1969 through most of 1970 (Figures VII.4,
VII.5; note that all abundance scales in this series of figures are based on a maximum
of 14,000 ind/m2 for consistency). Mediomastus ambiseta was the numerical dominant
during most of this period. Vioscalba louisianae was dominant in May. Abundance
trends reported by Mackin (1971) were similar, but absolute abundances were higher,
possibly because of the larger sieve size used on the HL&P study. Mackin found that
Peloscolex gabriellae (Oligochaetea) was the numerical dominant between September and
December Mediomastus ambiseta and Streblospio benedicti were secondary dominants.

In 1971, salinities increased from 13 ppt in January to the 20-22 ppt range through
November. In December salinities decreased to 5 ppt. A well-defined macrobenthic
spring peak occurred in March-April (Figure VII.6). Mediomastus ambiseta was the
numerical dominant during the HL&P study except during the period
September-December, when a set of Mulinia lateralis caused this bivalve to become
numerically dominant. Mackin (1971) reported that Mediomastus ambiseta. Streblospio
benedicti and Peloscolex gabriellae were the dominants. Mulinia lateralis was abundant
between April and August.

In 1972, salinities were < 5 ppt from January to March. Salinities increased to 11 ppt
in April and decreased again to 5 ppt in May (Figure VII.7). Mediomastus was the
numerical dominant during the HL&P study. During the latter part of 1972 and early
1973 (Figure VII.8), the macrobenthic abundance peak occurred in January.

The number of individuals collected during the HL&P project were usually less than
4,000/m2. Inclusion of all HL&P data, using a smaller abundance scale, clearly shows
the recurrent spring peaks (Figure VII.9) and demonstrates the variable time of peak
occurrence and the variable maximum number of individuals.

In 1974, during the Armstrong et al. (1977, 1979) brine discharge study at the Exxon
C2 platform, salinities were low much of the time, and were 1.0 ppt or less during
spring 1975 (Figures VII. 10, VII. 11). Highest salinities occurred during the late
summer-fall period. In both 1974 and 1975, peak macrobenthic abundances occurred
in August. There was no indication of a spring peak. Mediomastus and Streblospio
were the numerically dominant species.

Clear Lake Studies

Mackin (1971) sampled the long axis of Clear Lake concomitant with the Trinity Bay
studies. Salinities were 12-14 ppt in September and October 1970. Salinity decreased
to 4 ppt in November, then increased to 20-24 ppt for the remainder of the study.
Macrobenthic abundances increased from September 1970 (Figure VII. 12) to a peak in
January 1971 (Figure VII. 13; note that the maximum scale abundance has been increased
to 25,000 ind/m2). A second peak occurred in June 1971. Mediomastus and Streblospio
were the numerical dominants.

425



West Bay Area Studies

Several studies were conducted in the West Bay area (including bayous opening into
West Bay) between 1967 and 1981. Data collected between 1982 and 1984, and from
1990 to the present (Figure VII.2), have been collected but not analyzed. In all the
studies reported in this section, sampling was consistently done with an Ekman grab and
samples were washed on a 0.5 mm mesh sieve. Three replicate samples were taken at
each station. These West Bay studies included investigations of macrobenthos
assemblages in Eckert Bayou, an arm of West Bay on Galveston Island (Potts 1978,
Walker unpub.), a study of New Bayou, which opens into Chocolate Bay (Nance 1984,
1991), and a sandy shore study along the north side of Galveston Island on West Bay
(Dent 1983).

In Eckert Bayou in 1976, salinities decreased from 29 ppt in August to a low of 15 ppt
in December, coincident with rainfall (Potts 1978). Abundances of macrobenthos
decreased from August to September and then increased through December (Figure
VII. 14; note that figures are scaled at a maximum of 35,000 ind/m2). Streblospio and
Mediomastus were numerical dominants.

In 1977 salinities increased from 15 ppt in Dec to 25 ppt in March. A brief decrease
to 20 ppt in April was followed by a increase to about 35 ppt in July (abiotic data
through July 1978 not included). Macrobenthic abundances peaked in March, decreased
rapidly and were fairly low until October (Figure VII. 15), when an increasing trend
began again (Walker, unpub.). Streblospio and Mediomastus were dominant except
during March and April when Apelisca abdita (Amphipoda) bloomed.

In 1978, macrobenthic abundances peaked in February, then declined through June
(Figure VII. 16). Streblospio was the continual dominant, but large blooms of Wapsa
grandis (Oligochaeta), Ampelisca abdita and Corophium louisianum (Amphipoda)
occurred in February through May.

In 1980, Nance (1984) began a macrobenthic study in New Bayou and Dent (1983)
began a study on the West Bay shore of Galveston Island. Nance sampled a bayou with
a strong salinity gradient. Salinities were nearly always 20-25 ppt at the
downstream-most stations in Chocolate Bay, and nearly always about 1 ppt at the
upstream-most station. Macrobenthic abundances underwent a gradual decrease through
October, and then began increasing through the end of the year (Figure VII. 17).

In 1981, Nance recorded salinities of 20-25 ppt until a heavy rainfall occurred in May.
By late May, salinities at the Chocolate Bay stations had decreased to 11-15 ppt and by
June, the entire bayou was essentially a freshwater habitat except near the mouth at
Chocolate Bay where salinities were about 5 ppt. Salinities returned to near 25 ppt by
August. Dent recorded salinities in the 25-30 ppt range from January to June. He
recorded a decrease in salinity to 20 ppt in June, a month later than Nance. In July and
August salinities were near 30 ppt, but decreased again in September to 17 ppt. By
December, the salinity had increased to about 25 ppt. Nance recorded a February peak
abundance, followed by a decline through early May (Figure VII. 18). Following the
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Figure VII.4. Trend of macrobenthic abundance in the Trinity Bay area in 1969.

Figure VII.5. Trends of macrobenthic abundances in the Trinity Bay area in 1970.
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Figure VII.6. Trends of macrobenthic abundances in the Trinity Bay area in 1971

Figure VII.7. Trend of macrobenthic abundance in the Trinity Bay area in 1972.
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Figure VII.8. Trend of macrobenthic abundance in the Trinity Bay area in 1973.

Figure VII.9. Trend of macrobenthic abundance in the Houston Lighting and Power
project, 1969-1973.
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Figure VII. 10. Trend of macrobenthic abundance in the Trinity Bay area in 1974.

Figure VII.ll. Trend of macrobenthic abundance in the Trinity Bay area in 1975
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Figure VII. 12. Trend of macrobenthic abundance in Clear Lake in 1970.

Figure VII. 13. Trend of macrobenthic abundance in Clear Lake in 1971.

431



Figure VII. 14. Trend of macrobenthic abundance in Eckert Bayou in 1976.

Figure VII. 15. Trend of macrobenthic abundance in Eckert Bayou in 1977.
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Figure VII. 16. Trend of macrobenthic abundance in Eckert Bayou in 1978.

Figure VII. 17. Trends of macrobenthic abundances in the West Bay area in 1980.
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Figure VII. 18. Trends of macrobenthic abundances in the West Bay area in 1981

Figure VII. 19. Comparison of quarterly macrobenthic abundances at five stations in the
Galveston Estuary in 1971-72.
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flooding event, a secondary peak occurred in late May, and then abundances decreased
through December. Dent recorded a peak abundance in March, followed by a decrease
in May (Figure VII. 18). A secondary peak occurred in June (a month after Nance
recorded a second peak), and then low numbers were collected through December. Five
dominant species occurred in Nance's study: Mediomastus. Streblospio and Macoma
mitchelli (Bivalvia) were dominants in the higher salinity region of the bayou, and
Hobsonia florida (Polychaeta) and Tubifocoides heterochaetus (Oligochaeta) dominated
the lower salinity region. Bayou flushing moved the lower salinity forms farther
down-bayou for a short period of time. In Dent's study, Streblospio and Heteromastus
filiformis (Polychaetea) were the dominant species. Mediomastus. Capitella capitata
(Polychaeta) and Mulinia lateralis were lesser dominants.

Other Studies in the Galveston Estuary

Bechtel, Copeland and Whitefield (1970) attempted to assess the relationship between
water quality and quantity of waste input and ecological response in the Galveston
Estuary. Only one sample was collected at each station. Very few of the benthic
species collected were identified and most of these were mollusks. Data were pooled
for bay areas, but some stations were not sampled in each season and the data are
misleading.

Mean benthos abundances increased from 46 ind/m2 in February and decreased to 42
ind/m2 in April, 15 ind/m2 in July, and 12 ind/m2 in October. Greatest overall
abundances were in Trinity Bay and Upper and Lower Galveston Bay. The raw data
indicate almost complete seasonal succession in each area; none of the species were
common to all 4 collections and very few were common to 3 collections. Dominant taxa
were Polychaeta and Mollusca. Because of the incompleteness (and questionableness)
of identifications, numerically dominant species cannot be determined.

Holland, Masciolek and Oppenheimer (1973) conducted a quarterly study of the
macrobenthos at 5 stations in the Galveston Estuary from 1971 and 1972. Freshwater
inflow reduced salinities at all stations in January 1972. Salinities then increased through
July 1972; the amount of decrease and increase depended on the location of the station
within the estuary. Neither the Trinity Bay station nor the Galveston Bay station, both
closest to the source of freshwater inflow, experienced major changes in total
macrobenthic abundance (Figure VII. 19). Large spring peak abundances occurred at the
Texas City Channel, East Bay, and West Bay stations, where higher salinities were
recorded. Note that relatively small numbers of individuals were collected. This study
is least similar to most of the other studies because the investigators used a 1.5 mm mesh
sieve to wash the samples.

Henry (1976) conducted a study offshore from the Galveston Estuary from May 1975
through April 1976. A 1 mm mesh screen was used to wash samples, which probably
caused many of the smaller organisms to be lost. At the beginning of the study, in May
and June 1975, salinities were in the 18 ppt range, but increased to about 30 ppt in July.
Salinities ranged from 25 to 27 through February 1976, then decreased to 23 in March
and April. At the beginning of the study, extremely large populations of Balanoglossus
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sp. (Hemichordata) were collected (Figure VII.20). This population disappeared quickly
as salinities increased, and the total abundances through the remainder of the project
were less than 500 ind/m2. A small fall increase occurred in November 1975.

Fort (1983) sampled every three weeks in Laguna del Oro, a body of water created by
dredging which opened to West Bay, from August 1980 to June 1981. An Ekman grab
and 0.5 mm mesh sieve were used in the field. Salinities remained in the 27-32 ppt
range throughout the study. Abundances decreased from August through November
1980 (Figure VII.21). A first spring peak occurred in January 1981 and a second in
April, after which abundances decreased through June. Streblospio. Tharyx marioni
(Polychaeta) and Capitella capitata were the numerical dominants.

Studies in the Sabine Area

Wern (1980) sampled in the Sea Rim State Park area in 1978 and 1979 (Figure VII.22).
Salinities increased from 13 ppt in September to 19 ppt in December 1978, and
thereafter were < 7 ppt. During the first three-quarters of the study, very large
populations of Mediomastus and Streblospio at two stations in somewhat isolated lakes
resulted in a macrobenthic abundance trend that was quite different from the trend seen
if only data from the more interconnected stations are used (Figure VII.22). The
dominance of these two species decreased steadily at the two isolated stations, and by
May 1979, the total abundances were similar at all stations. There was very little
evidence of a spring peak; if one occurred, it was in January or February.

Studies in the Lavaca-Matagorda Estuary

Mackin (1971) also conducted a study of brine discharges in the Lavaca-Matagorda
Estuary. Salinities increased from 12-13 ppt in September 1970 to 29-30 ppt in June
1971. Macrobenthos abundances increased from September 1970 to a spring peak in
February 1971 and then steadily declined through August (Figure VII.23). Total
numbers of individuals were much lower in this study than in comparable studies in the
Galveston Estuary. Mulinia lateralis and Mediomastus were the numerical dominants.

Gilmore et al. (1976) conducted a study of the benthos of Lavaca Bay in relation to
freshwater inflow from 1973 to 1975. Mean salinities decreased from about 20 ppt in
January 1973 to about 8 ppt in May coincident with high river discharge, and remained
low until September. Salinities increased through the fall to about 20 ppt by December,
then decreased to 10 ppt following high river discharge. Through all of 1974, the
salinity alternately increased to about 18 ppt (March, August, December) and then
decreased to about 10 ppt (May, September) following high river discharge. In 1975,
the salinity increased to 20 ppt by March, then decreased to abut 3 ppt in May. Benthic
abundances increased from a mean of 75 ind/m2 in January 1973 to a May peak of 246
ind/m2 (Figure VII.24). A second peak (262 ind/m2) occurred in July and then
abundances declined through the fall and winter. The 1974 spring peak (313 ind/m2)
occurred in May. In 1975, maximum spring abundances (214 ind/m2) occurred in June.
The changes in salinity did not appear to greatly affect benthic abundance trends.
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Figure VII.20. Trend of macrobenthic abundances in nearshore bottoms off Bolivar
Roads in 1975-76.

Figure VII.21. Trend of macrobenthic abundance in Laguna del Oro, West Bay area,
in 1980-81.
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Figure VII.22. Trend of macrobenthic abundance in the Sea Rim State Park area in
1978-79.

Figure VII.23. Trend of macrobenthic abundance in Lavaca-Matagorda Bay in 1970-
71.
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Studies in the San Antonio Estuary

Harper and Hopkins (1973, 1976) reported on macrobenthic assemblages in relation to
dredging activities in San Antonio Bay in 1972-1973. A major flood on the Guadalupe
River lowered salinities in the upper bay to near zero, and to about 5 ppt in the lower
bay. Salinities gradually increased to about 15 ppt in the upper bay and 25 ppt in the
lower bay. Macrobenthic densities in the upper bay decreased sharply during the flood,
but increased again quickly in June (Figure VII.25). Abundances then underwent the
usual decrease through October 1972 and then increased through February 1973.
Numerical dominants were Mediomastus. Texadina sphinctosoma (Gastropoda) and
Streblospio. Abundances in the lower bay, which were always lower than in the upper
bay, changed very little during the study except for a decrease in numbers in August
1972. Matthews et al. (1974) also conducted benthic studies in San Antonio Bay, using
essentially the same stations as Harper and Hopkins (1973 1976), and reported the same
dominants, and also determined that abundances were higher in the upper bay than the
lower bay (Fig 25). They reported abundances that were lower than those reported by
Harper and Hopkins (1973, 1976) and the temporal trends did not correspond.

Distributions of Macrobenthos
in Relation to Man-made Perturbations

Many of the macrobenthic studies have been conducted to determine the environmental
effects of pollutants on the marine ecosystem. During the HL&P project, the
investigators established stations in the intake and discharge areas of the plant, and in the
near field and far field of the thermal effluent (Williams 1972, Poff 1973, McBee 1975).
No effect from the effluent could be detected, and the investigators believed that the
water quality of Cedar Bayou was improved because brine discharged upstream of the
plant was being diluted by water being drawn upstream from the mouth of Cedar Bayou.

Studies on the effects of oil field brine discharges have all resulted in essentially similar
findings (Mackin 1971, Armstrong et al. 1977, 1979, Nance 1984). An area around the
discharge has hydrocarbons (especially naphthalenes) incorporated into the sediments, and
these bottoms are virtually depauperate. Abundances of macrobenthos increase with
increasing distance from the discharge, reaching a maximum at about 500-1500 m
distance, then the abundances decrease to "normal" levels (Harper 1986).

Studies of the effects of oyster shell dredging in the San Antonio Estuary indicated that
dredge holes filled quickly for 2-3 years, then at a slower rate (Harper and Hopkins
1973, 1976). Dredge holes that were 24 years old were still up to 0.4 m deeper than
the surrounding undredged bottom. Newly created dredge holes contained soupy
sediments, which required about 9 months to consolidate. Low numbers of
macrobenthos occurred in newer holes. As the holes aged and filled, the numbers of
individuals collected increased, but about 5 years were required to obtain near-normal
levels of macrobenthos.
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SUMMARY

Studies of benthic assemblages in the Galveston Estuary and in adjacent estuaries can be
grouped into two major categories: those in which areal coverage is broad but sampling
is infrequent, and those in which a relatively small area is sampled frequently. Most
studies have been the latter type and have been used to provide information on point
source and non-point source chemical contamination of sediments and organisms in
various parts of the estuary.

The size of the sampler, the number of replicate samples, and the mesh size of the sieve
used to remove sediments from samples have varied greatly. Some of the differences
in total abundances reported by concurrent studies in a given region of the Galveston
Estuary probably resulted from the investigators collecting different numbers of replicate
samples, or using different sized sieves.

Benthic assemblages generally exhibited a spring peak abundance and a fall low, but a
few studies documented a second peak in the fall. Spring peak abundances generally
occurred between February and May, as water temperatures were increasing, and the fall
low generally occurred in October-November. Freshwater flood conditions can alter the
normal seasonal pattern. The macrobenthos can be very good indicators of salinity
conditions, but there are not enough data among the studies reviewed to document long
term changes in salinity gradients or circulation patterns.

Polychaeta, Mollusca and Crustacea were the usual dominant taxa. Typically, one or
two species, usually Mediomastus ambiseta and Streblospio benedicti. were numerically
dominant in the assemblage. In river-influenced assemblages, Texadina sphinctostoma.
Hobsonia florida and chironomid insect larvae were often numerically dominant. The
numerical dominants may be one or two orders of magnitude more abundant than the
less abundant species, and therefore control the overall abundance trends of the
assemblage.

There appears to be an abundance gradient in the Galveston Estuary in which numbers
of individuals increase from the Trinity Bay-Upper Galveston Bay region to the Lower
Galveston Bay-West Bay region. This is the reverse of the pattern found in the San
Antonio Estuary by Matthews et al. (1973) and Harper and Hopkins (1973, 1976), and
may reflect the more southerly location and overall higher salinity of the San Antonio
Estuary. There also appears to be gradient in which abundances decrease from the
Galveston Estuary south to the San Antonio Estuary.

In general, the existing open bay macrobenthic assemblage data do little to address the
Galveston Estuary priority problems. The data sets are from scattered locations in the
estuary, and most studies were not continued over a sufficiently long period to determine
long-term changes.
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Figure VII.24. Temporal trend of benthic abundance in Lavaca Bay in 1973-75.

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
1972 1973

Figure VII.25. Temporal trends of macrobenthic abundances in upper and lower San
Antonio Bay in 1972-73.
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RECOMMENDATIONS

As noted above, very few benthic studies incorporate broad areal coverage and frequent
sampling. The major problems with incorporating both aspects in studies of the
Galveston Estuary involve logistics and personnel. The Galveston Estuary is quite large,
and it is virtually impossible for one field crew to adequately sample the entire system
in a sufficiently short time period to be certain that changes have not occurred in
populations of macrobenthic species. Analysis of benthic samples is time-consuming,
and requires individuals with at least some training in the taxonomy of polychaetes,
mollusks and crustaceans (the dominant groups). If a comprehensive study of the
Galveston Estuary is conducted, the benthic program should include widespread and
frequent sampling. This type of program will require that at least three fully trained and
equipped field/lab crews be available, and these crews should be dedicated to the
Galveston Estuary and not be shunted to other programs. One crew should be assigned
to sample Trinity Bay and Upper Galveston Bay, one to East Bay and half of Lower
Galveston Bay, and one to West Bay and half of Lower Galveston Bay. Sampling
should be conducted simultaneously in all three areas, and the entire sampling process
should be completed in 4 days or less. All hydrographic and sedimentologic sampling
should be conducted concurrently with benthic sampling. Only when truly synoptic data
are collected and analyzed will areal and seasonal distributional patterns begin to emerge.
Effective use of time series analysis requires fairly frequent sampling. Therefore,
sampling should be conducted monthly. If this is not feasible because of funding
limitations, monthly samples should be collected between January and June, so that the
period of peak abundance is not missed. Another set of samples should then be collected
in the late September - early October period.

Macrobenthic sampling equipment should consist of Ekman grabs and 0.5 mm mesh
sieves. At least three replicate samples should be collected. Samples should be washed
in the field and fixed in 5 percent buffered formalin. After a minimum of 24 hours in
fixative, the samples should be washed and preserved in 70 percent rose bengal-stained
ethanol; isopropanol should not be used because it hardens specimens. The Ekman
grab is recommended because it samples a relatively small area (232 cm2) and the
individuals analyzing samples are not required to devote great amounts of time to sorting
and identifying large numbers of dominant species, which may be at least one or two
orders of magnitude more abundant than the other species. Three replicate samples
provide a total of nearly 700 cm2 of bottom, and also provide an estimate of variability
of the assemblages at a particular site. The 0.5 mm mesh sieve retains macrobenthic
organisms, but not meiobenthic organisms. Larger meshed sieves should not be used
because most polychaetes, the most abundant taxon in most studies, are small and will
not be retained by the sieve.

Sampling stations should be chosen from stations occupied for water quality sampling by
the Texas Water Commission. This procedure was followed in selecting stations in the
San Antonio Estuary, and very good macrobenthic distributional data were obtained
(Matthews et al. 1974, Harper and Hopkins 1973, 1976). Additional stations can be
added if the effects of particular discharges or disturbances are to be investigated.
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Adequately trained personnel are necessary if the field data are to be translated into
information that can be used by managers. Sample sorters who miss a large number of
organisms greatly bias the study results. The individuals assigned to identify organisms
must be competent in the identification of major taxonomic groups. Misidentification
of species, while not affecting determination of seasonal or areal variability of entire
assemblages, will cause substantial problems if one assemblage is compared with
another, or if a detailed discussion of the species composition of an assemblage is
attempted. Turnover in laboratory personnel should be minimized as much as possible
to reduce variability in identifications. A voucher collection, verified by taxonomic
authorities, should be maintained at the laboratory where the work is being done so that
if the identity of a newly collected specimen is questioned, it can be compared with
known specimens. The voucher collection can also be used to acquaint new personnel
with the fauna. Finally, the samples must be archived so that future investigators can
reexamine specimens to be certain that everyone is applying the same name to the same
species.

A sampling program that incorporated frequent broad coverage sampling will provide
data that can be used to address components of two of the four priority problems of the
Galveston Estuary, i.e. the Reduction/Alteration of Living Resources priority problem
(loss of physical habitat, alteration of salinity gradients, bathymetric and circulatory
changes, eutrophication and hypoxia, point and non-point sources), and Public Health
Issues (chemical contamination of water, sediments and living organisms).

One of the causes of loss of level bottom, open bay habitat is the perception that these
are relatively "dead" bottoms compared with reefal structures, and that the bottom can
be made more productive by creating various high profile structures. The benthos
sampling program can document that there are large populations of small organisms
inhabiting open bay bottoms and that the open bay bottom is valuable in and of itself
(research currently being done suggests that these organisms are heavily preyed upon by
nektonic species). Many macrobenthic species are sensitive to changes in salinity
conditions, and can act as indicators of alterations of salinity gradients and circulation.
It has been demonstrated that there are several species that inhabit low salinity
environments and will move downbay under flood conditions and retreat upbay as
salinity increases. Under normal conditions, these species will be present in the upper
bay periodically. Long-term absence of these species may indicate alteration of
freshwater inflow and or circulation patterns. Conversely, the appearance of species
which normally inhabit offshore bottoms, i.e. Mediomastus californiensis. Neanthes
micromma. and others, in the lower or middle bay may indicate the intrusion of high
salinity water. These species may be especially valuable in monitoring salinity intrusion
along the Houston Ship Channel.

Point source chemical contamination of sediments and organisms can be studied by
sampling the macrobenthos along transects extending away from the source. Abundances
of macrobenthos usually respond strongly to substance input by either developing very
large populations of a few tolerant species or by being unable to inhabit the area and
creating a "dead zone," depending on the substance being discharged. Non-point sources
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can depress or alter assemblages over a very large area, and this type of pollution is
likely to be detected by a long-term general monitoring study.

The sampling program will not provide quick answers to managers' questions or quick
solutions to priority problems. Macrobenthic and other biological systems are inherently
highly variable (e.g. the spring peak abundance usually occurs between February and
May, but can occur in January or June) and there will be considerable "noise" in the
data that must be filtered out before true patterns emerge.

Establishing a comprehensive sampling program will provide data from the project's
inception into the future. If only these data are analyzed, it will be several years before
enough data are collected to begin to determine patterns of organismal or assemblage
abundance changes in relation to changes in abiotic characteristics or human
perturbations. This program will provide no information on prior changes in the
assemblages. Fortunately, data sets exist that cover periods dating back to 1972.

Data collected by the Texas Water Commission (unpub.) is a source of considerable
information on long-term temporal changes in macrobenthic biota. Water Commission
personnel began sampling in the Estuary in 1972 (Table VII.2). Only 4 stations have
been sampled at least once a year since the inception of the project, i.e. Trinity Bay near
Exxon Cl platform, Galveston Bay near Redfish Island, and West Bay at Carancahua
Reef. However, about 7 stations were sampled over a 10-12 year period before being
discontinued, and several were in areas considered to be polluted or stressed, i.e. the
ship channel stations. These stations should be reestablished when a sampling program
to monitor the Estuary is begun. Furthermore, funding should be provided to permit
analysis of the backlog of samples and data currently at the Water Commission
Laboratory.

A second source of considerable information on long-term temporal changes exists in the
Eckert Bayou study. Eckert Bayou is a microcosm of the West Bay area. It has
bottoms of sand, mud, and mud with detritus, and the assemblages characteristic of each
bottom type. Monthly sampling began in 1975, and ended temporarily in 1984. The
project was reestablished in 1990 and bimonthly sampling continues. Data from
1975-1977 have been analyzed. The remainder of the samples have been stored in the
Texas A&M Marine Laboratory. Funding should be provided to complete the analysis
of these samples, which will provide a continuous data set with which to evaluate
long-term changes in assemblages, and for comparison with other, less continuous, data
sets.

Abiotic data collected with both of the above studies include water temperature, salinity
and dissolved oxygen as well as sediment characteristic. Analysis of both of these data
sets should provide information on the overall changes which have occurred in the
Galveston Estuary in relation to naturally occurring events and man-induced
perturbations.
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Table VII.2. Frequency of sampling at Texas Water Commission stations within the Galveston Estuary and the Brazos River.

SAMPLING STATION 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91

Brazos River. State Hwv 36 1 2 1 1
Trinity Bay, Anahuac Chan. Mark. 1
Trinity Bay, Exxon C1
Trinitv Bav. HL&P Cedar Bavou outfall
Houston Ship Chan., Turning Basin
Houston Ship Chan., Monument 3
San Jacinto River at IH10 3
Houston Ship Chan., Morgans Pt. 3
Galveston Bav. 5 mi. pass
Galveston Bay, Seabrook Channel 1
Clear Lake, Channel Marker 17
Clear Lake, Mud Lake Bridge
Clear Lake. Glen Cove
_ . _ ... , _ , nGalveston Bay, near neotisn Reet 2.
Moses lake. Chan. Marker 9 (or 20)
East Bay, Rollover Pass
East Bay, 8 km E Rollover Pass
East Bav. Hanna Reef
Texas City Channel, Pump Canal
Texas City Channel, Buoy 12
Galveston Channel. Marker 2 1
West Bay, Carancahua Reef
West Bay, Dana Cove
West Bay, San Luis Pass
Chocolate Bayou at FM 2004
Chocolate Bav. Chan. Marker 9 2
Christmas Bav
Gulf of Mexico. Buov 6

3

1
1
3
2
3

3
3

_

1

1

1
4
1

3
1

4

4

4

4

3
4

4

4

4

4

4
2

4

3

3

2

1
4

4

1

4

2

2

2

4

2

2
2

4

2

3
1

1

3
4

2

4

2

3
4

3

2

4

2
4

5

2

2
1

4

1

4
1

3

4
4

4
4

3

3

3

3
3
4

4

2

4

2

5
4

5

4
4

4
4

4

4

4

4
2

5

4

3

2

4

4
1

4

1
4

2
2

2

2

1

2

2

1

2

2

4 4

4 4

5 3

2
4 4

1

1

1

2
1

6 3

1
1

3

2

2

4

1
4

1

2

1

1

9

5
5
1

3

2

2

2

3

1

2

3

1

1

4

4

4

3

4

1

1

1

3

4

3

3

1

3
1

1

1i

1

1

2

1 1

1

3

2

2

2

2

2 /1*f

2

2

2

2

2

2

4

4

4

4

3

4

4

4

4

4

3

6

6

3

2

5

5
2

1

1

5

3

4
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