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ABSTRACT

Trends in relative abundance and size of brown shrimp (Penaeus
aztecus), white shrimp (P. gsetiferus), pink shrimp (2. duorarum),
blue crab (Callinectes sapidus), and Eastern oyster (Crassostrea
virginica) in Texas marine waters were monitored using a standardized
fishery independent sampling program. Bag seines were used along bay
shorelines, trawls in bay water > 1.0 m deep and in the Texas
Territorial Sea (gulf water > 1.8 m deep). Oyster dredges were used
to sample in bay "reef" and "non-reef" areas. Coastwide brown shrimp
catch rates increased in bag seines and bay trawls in 1987, but
decreased in gulf trawls. White shrimp catch rates declined in both
bag seines and bay trawls, and decreased by 50% in gulf trawls. Pink
shrimp catch rates increased in bag seines during 1986-1987, but
remained stable for bay and gulf trawls. Catch rates of blue crabs
decreased from 1986 in bay and gulf trawls, but increased in bag
seines. Catch rates of associated finfishes in trawls varied among
years. Highest catches of market oysters occurred during December.
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INTRODUCTION

The Texas commercial fishery is composed of many components but
reported landings (weight) are dominated by shrimp (Penaeus sp.)
followed by blue crab (Callinectes sapidus), Eastern oyster
(Crassostrea virginica), and finfishes (Osburn et al. 1987). During
1977-1986 shrimp coastwide annual reported landings averaged over
37 million kg worth $164 million to the fishermen; they consisted of
73.9% brown (P. aztecus) and pink (P. duorarum) shrimps, 25.0% white
shrimp (P. setiferus), and < 1.1% other species. Eastern oyster and
blue crab coastwide annual reported landings averaged 1.6 million kg
($5.5 million) and 3.8 million kg ($2.5 million), respectively,
during 1977-1986.

The shrimp fishery is regulated primarily by the Texas
Legislature through the Shrimp Conservation Act. The Texas Parks and
Wildlife Commission (TPWC) has the responsibility for adjusting the
Gulf of Mexico (gulf) shrimping season dates and has regulatory
authority in four of the 18 coastal counties. The TPWC has
regulatory authority for the harvest of blue crab in all Texas waters
and for the harvest of oysters in 10 of the 18 coastal counties. 1In
1985, the Texas Legislature provided the TPWC regulatory authority
for the harvest of shrimp and oysters in all Texas waters after
shrimp and oyster fishery management plans are developed by the Texas
Parks and Wildlife Department (TPWD) and approved by the TPWC.

The Texas Legislature mandated that sound management of the
shellfish resources be based on statistically reliable data. Penaeid
shrimp populations have been monitored in at least some bays since
1958 (Benefield and Baker 1980). Oyster populations have been
monitored in Galveston Bay since 1951 (Hofstetter 1977). Blue crab
populations have been monitored in Texas bay systems since 1977
(Hammerschmidt 1982). The TPWD initiated a standardized fishery-
independent monitoring program in 1975 using gill nets, in 1977 using
bag seines, in 1982 using trawls in bays, in 1984 using oyster
dredges, and in 1985 using trawls in the gulf to monitor trends and
assess the relative abundance and size of shellfishes and finfishes
in Texas marine waters.

The TPWD collects information on all species captured in all
gears. Finfishes caught in bag seines and gill nets are reported in
Rice et al. (1988).

The objectives of this study were to:
1. monitor trends in brown shrimp, white shrimp, pink shrimp,
blue crab, and Eastern oyster relative abundance and size

in Texas bay systems and in the gulf off Texas, and

2. publish the results in a report which will assist resource
managers to effectively manage selected shellfishes.
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Differences in the statistics in this report compared to
previous versions are due to updating the data base. This report
should be considered the most accurate to date.

MATERIALS AND METHODS

Monofilament gill nets and multifilament bag seines were used
along shorelines in nine bay systems during April 1983-November 1987
and during October 1977-December 1987, respectively (Fig. 1-9).
Detailed descriptions of the gears, sample stations, and sample
procedures are reported by Rice et al. (1988).

Trawls (6.1 m wide at mouth with 3.8-cm stretched mesh
throughout, and doors 1.2 m long and 0.6 m tall) were used in nine
bay systems during January 1982-December 1987. East Matagorda Bay
was sampled beginning April 1987 (Fig. 1-9). Bays were stratified
into two zones: Zone 1 (upper bay nearest mouths of rivers) and zone
2 (lower bay farthest from rivers). Trawl sites in each zone were
randomly selected from bay grids (l-minute longitude by 1l-minute
latitude) that contained water > 1 m deep in at least 1/3 of the grid
and which were known to be free of obstructions. Five stations were
sampled in each of zone 1 and zone 2 in each bay system during the
1st-15th and during the 16th-31st of each month except in the upper
and lower Laguna Madre systems. In both the upper and lower Laguna
Madre systems all water was designated as zone 2. No station was
duplicated in a month. Trawls were pulled in a circular motion near
the center of each grid. All tows were 10 minutes long.

Trawls, identical to those used in the bays, were used in the
Texas Territorial Sea (< 16.7 km from shore) during January 1986-
December 1987 (Fig. 10). Five gulf areas were selected for sampling:
24.1 km either side of each of the Sabine Pass jetties (Sabine),
Galveston jetties (Galveston), Matagorda jetties (Port O'Connor), and
Aransas Pass jetties (Port Aransas), and 48.2 km north from the
Texas-Mexico border (Port Isabel). Trawl sites in each area were
randomly selected from gulf grids that contained water > 1.8 m deep
in at least 1/3 of the grid and which also were in the Texas
Territorial Sea and free from known obstructions. Eight stations
were sampled in each area during the 1lst-15th and during the 16th-
31st of each month. No station was duplicated in a month. Trawls
were pulled linearly and direction of tow (north or south) was
randomly chosen for the initial tow and alternated on subsequent
tows. All tows were 10 minutes long.

Trawls (6.1 m wide at mouth) were used during the day in the
gulf off Sabine, Galveston, Port O'Connor, Port Aransas, and Port
Mansfield-Port Isabel during June and November 1987 in conjunction
with the Southeast Area Monitoring and Assessment Program (SEAMAP).
Detailed descriptions of the gear, sample stations, and sample
procedures are reported by Stuntz et al. (1984).
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Oyster dredges [8-tooth Louisiana style: 46 cm wide, 25 cm tall
with a 36-cm deep bag (6 bottom rows of linked metal rings 5 cm in
diameter; four top rows of 7.6-cm mesh webbing made of 0.8-cm nylon
rope)] were used in nine Texas bay systems during January 1986-
December 1987 (Fig. 1-9). Each bay was stratified into "reef"
(mapped area in which Eastern oysters form reefs and are > 0.2 m
higher than adjacent bottom for a continuous distance of > 91.4 m
long and 0.4 m wide) and "non-reef" (remaining bay bottom > 1 m deep)
areas. Oyster dredge sites in each "reef" and "non-reef" area were
randomly selected from bay grids. Each selected grid was divided
into 144 5-sec "gridlets"™. All "gridlets” that contained the
respective "reef" or "non-reef" area were used to randomly choose
sample sites. During the 1lst-15th and 16th-31lst of each month, 38
stations (28 "reef"; 10 "non-reef") were sampled in each of Galveston
and Aransas Bays; 23 stations (13 "reef"; 10 "non-reef") were sampled
in each of East Matagorda, Matagorda, San Antonio, and Corpus Christi
Bays; 15 stations (5 "reef"; 10 "non-reef") were sampled in each of
Sabine Lake and lower Laguna Madre; and 10 stations (10 "non-reef")
in upper Laguna Madre. Stations ("reef" and "non-reef") were
duplicated no more than twice each month except in Sabine Lake and
lower Laguna Madre where 5 replicate "reef" tows were made in each
bay. Dredges were pulled linearly for 30 seconds.

Each sampling week for trawls and oyster dredges extended from
sunrise Monday through sunset the following Sunday. Collections were
made during day only.

Blue crab gill net catch rates were calculated by dividing the
total number caught by the total h fished from all samples in a
season. Trawl and bag seine catch rates of blue crab, brown shrimp,
pink shrimp, and white shrimp were calculated by dividing the total
number of each species by the total h fished (trawl) or ha sampled
(bag seine) from all samples in a month. Catch rates of associated
finfishes caught in trawls were calculated identically to those for
shellfishes. Live Eastern oysters were grouped into spat (5-25 mm),
small oysters (26-75 mm), and market oysters (> 76 mm); catch rates
were calculated by dividing the total number captured by the total h
fished from all samples in a month. Coastwide catch rates were
weighted by the length of each bay system’s shoreline (gill net, bag
seine), by the amount of surface area over water > 1 m deep (Matlock
and Ferguson 1982) in each bay system (bay trawl), or by the total
number of trawlable grids (gulf trawl). Both bag seine and trawl
annual catch rates were calculated from monthly means (unweighted by
sample size).

Total length (carapace width measured from spine to spine) of
blue crabs caught in gill nets were obtained for the first 19
individuals caught in each mesh size each week in each bay system;
mean lengths were calculated for each of the four mesh sizes in each
sample. Mean lengths for the combined gill net meshes were
calculated by weighting the mean lengths in each mesh by the
proportion of blue crabs caught in each mesh. Total lengths (shrimp:
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tip of rostrum to tip of telson) for brown shrimp, pink shrimp, white
shrimp, and blue crab caught in bag seines were obtained from a
random selection of no more than 19 individuals of each species in
each sample. Total lengths of selected shrimps and blue crab caught
in trawls were obtained from a random selection of no more than 50
shrimp of each species and 35 blue crabs in each sample. Total
lengths of associated finfishes (tip of anterior-most part to tip of
compressed caudal fin) caught in trawls were obtained from a random
selection of no more than 19 individuals of each species in each
sample. Total lengths (hinge to bill) of Eastern oysters caught in
oyster dredges were obtained from a random selection of no more than
19 live oysters in each sample. Coastwide lengths (nearest 1 mm) of
all organisms were weighted according to the catch rate in each bay
system.

Bottom salinity, water temperature, and turbidity were measured
prior to each trawl and oyster dredge sample; means were calculated
for each month. Surface salinity, water temperature, and turbidity
were measured at the set and pickup for each gill net and prior to
each bag seine sample. Beginning January 1987, turbidity values were
recorded in Nephelometric units. Hydrologic characteristic means for
gill nets (season) and bag seines (month) are reported by Rice et
al. (1988).

RESULTS
Gill Net

Spring and fall coastwide blue crab catch rates were < 0.2/h in
all years (Tables 1 and 2). Catch rates among bay systems during
spring ranged from < 0.1/h in upper Laguna Madre during 1986 and 1987
to 0.6/h in East Matagorda during 1986. Catch rates during fall
ranged from < 0.1/h in all bay systems, except Sabine Lake, San
Antonio, Corpus Christi, and lower Laguna Madre, during 1986 and in
Matagorda during 1985 to 0.3/h in East Matagorda, upper, and lower
Laguna Madre during 1983, and in San Antonio and upper Laguna Madre
during 1987.

Bag Seine

Coastwide annual blue crab bag seine catch rates fluctuated from
49/ha in 1978 to 113/ha in 1985 (Table 3). Catch rates among bay
systems ranged from 9/ha in lower Laguna Madre during 1977 to 193/ha
in Aransas Bay during 1982.

Coastwide annual brown shrimp catch rates gradually increased
from 1977 to 1982 (137-510/ha), then fluctuated during 1983-1986.
The highest coastwide catch rate (611/ha) occurred in 1987 (Table 3).
Catch rates among bay systems ranged from 9/ha in upper Laguna Madre
during 1977 to 1,162/ha in Galveston Bay during 1987.
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The highest coastwide annual pink shrimp catch rates occurred
during 1981 (24/ha) and 1982 (26/ha); they ranged from 3-12/ha in all
other years (Table 3). Highest catch rates generally occurred in
Aransas Bay (0-124/ha), Corpus Christi Bay (0-67/ha), and upper
Laguna Madre (6-48/ha).

The highest coastwide annual white shrimp catch rate occurred
during 1982 (1,277/ha); fluctuations between 242-755/ha occurred in
all other years (Table 3). Catch rates among bay systems ranged from
2/ha in upper Laguna Madre during 1986 to 3,560/ha in Galveston Bay
during 1982.

Coastwide monthly bag seine catch rates during January-December
1987 indicated seasonal peaks in abundance varied among species
(Appendix A). Blue crab catch rates were highest during March-May.
Brown shrimp catch rates were highest during April-July. Highest
pink shrimp catch rates occurred during March and September-November;
none were caught in Galveston, East Matagorda, San Antonio and lower
Laguna Madre. White shrimp catch rates were highest during July-
November.

Bay Trawl

Coastwide annual blue crab bay trawl catch rates ranged from
12/h in 1987 to 21/h in 1985 (Table 4). Catch rates among bay
systems ranged from 2/h in Corpus Christi Bay during 1983 to 50/h in
lower Laguna Madre during 1984.

Coastwide annual brown shrimp catch rates were lower in 1982
(27/h), 1983 (21/h), and 1986 (24/h) than in 1984 and 1985 (30/h each
year) and 1987 (32/h) (Table 4). Catch rates among bay systems
ranged from < 1/h in Sabine Lake during 1986 to 106/h in Aransas Bay
during 1984.

Coastwide annual pink shrimp catch rates were < 2/h in all years
(Table 4). Catch rates among bay systems ranged from O/h in Sabine
Lake during 1986 and 1987, Galveston Bay during 1984, and lower
Laguna Madre during 1982 to 9/h in Aransas Bay during 1983.

Coastwide annual white shrimp catch rates decreased from 47/h in
1982 to 17/h in 1987 (Table 4). Catch rates among bay systems ranged
from 1/h in lower Laguna Madre during 1985 to 88/h in Galveston Bay
during 1982.

Coastwide monthly bay trawl shellfish catch rates during
January-December 1987 indicated seasonal peaks in abundance varied
among species (Appendix A). Blue crab catch rates were highest
during May-June. Brown shrimp catch rates were highest during May-
July. The highest catch rates of pink shrimp occurred during
February-May and November-December. White shrimp catch rates were
highest during August-October.
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Individual finfish coastwide and monthly catch rates and mean
lengths varied among species, among bays, among years, and among
months (Table 4; Appendix A).

Hydrologic characteristics at bay trawl stations varied among
months and among bay systems (Appendix B). Bay system salinities
were generally higher (21.3-40.4 o/oo) in upper and lower Laguna
Madre than in any other bay system (1.6-34.3 o/oo0). Water
temperatures followed seasonal trends increasing from lowest values
during January (10.2-14.2 C) to highest values during August (28.8-
30.3 C) then declining through December (12.7-17.0 C). Turbidities
ranged from 3-55 Nephelometric Turbidity Units (NTU) among bay
systems.

Gulf Trawls

Coastwide annual blue crab gulf trawl catch rates have been <2/h
in all years (Table 5). Catch rates among gulf areas ranged from
< 1/h off Galveston during 1985, Port Aransas during 1987, and Port
Isabel during 1985-1987 to 4/h off Galveston during 1986. Coastwide
monthly catch rates were highest (3/h) during August (Appendix A).

Coastwide annual brown shrimp catch rates decreased from 20/h in
1985 to 8/h in 1987. Catch rates among gulf areas ranged from 1/h
off Port Isabel in 1987 to 47/h off Port Aransas in 1985 (Table 5).
Coastwide monthly catch rates were highest (37/h) during June
(Appendix A).

Coastwide annual pink shrimp catch rates were 1/h in all years
(Table 5). Catch rates among gulf areas ranged from O/h off Sabine
in 1986 and 1987, and off Galveston in 1987 to 3/h off Port Aransas
in 1986 and 1987. Coastwide monthly catch rates were highest (3/h)
during November (Appendix A).

Coastwide annual white shrimp catch rates decreased from 23/h in
1985 to 9/h in 1987. Catch rates among gulf areas ranged from 1/h
off Port Isabel for all years to 53/h off Galveston in 1985
(Table 5). Coastwide monthly catch rates were highest (38/h) during
November (Appendix A).

Individual finfish coastwide and monthly catch rates and mean
lengths varied among species, among gulf areas, and among months
(Appendix A).

Hydrologic characteristics at gulf trawl stations varied among
months and among gulf areas (Appendix B). Gulf area salinities were
generally higher (25.1-38.6 o/00) off Port Isabel and Port Aransas
than the other gulf areas (22.9-35.6 o/oo). Water temperatures
followed seasonal trends increasing from lowest values in January
(12.2-15.3 C) to highest values in August (25.6-29.8 C). Turbidities
ranged from 1-31 NTU among gulf areas.
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Summer

Catch rates of brown shrimp by depth zone ranged from 606/h in
19-37 m to 16/h in 74-91 m during 1987 (Appendix C). Catch rates in
all depth zones during 1987 were less than those recorded during
1982-1986.

White shrimp were caught primarily in waters from 0-18 m deep
during all years (Appendix C). Catch rates increased each year from
15/h in 1982 to 41/h in 1985 then declined to 33/h in 1986 and 15/h
in 1987 in the 0-18 m depth zone.

Pink shrimp were captured in waters from 0-55 m deep (0-195/h)
during all years (Appendix C). They were caught predominately in
waters 0-37 m deep.

Blue crabs were caught primarily in the 0-18 m zone
(Appendix C). Catch rates ranged from 0-20/h in all years.

Fall

During fall 1987, brown shrimp were caught in all depth zones
except 74-91 m, with highest catch rates (50/h) in 19-37 m
(Appendix C). White shrimp and pink shrimp were caught in waters O-
37 m deep with greatest catch rates (89/h and 18/h, respectively) in
0-18 m. Blue crabs were only caught in 19-37 m at a rate of < 1/h.

Oyster Dredge

Reef areas

Coastwide annual catch rates of Eastern oyster spat increased
from 806/h in 1986 to 1,356/h in 1987. Catch rates among bay systems
ranged from 26/h in Sabine Lake in 1986 to 4,269/h in Aransas Bay
during 1987 (Table 6). Annual spat catch rates increased in all bays
in 1987 except East Matagorda, Matagorda, San Antonio and lower
Laguna Madre. Coastwide monthly catch rates were highest (1,763-
4,625/h) during September-December (Appendix A).

Coastwide annual catch rates of small Eastern oysters increased
from 932/h in 1986 to 1,120/h in 1987. Catch rates among bay systems
ranged from 22/h in lower Laguna Madre to 2,499/h in Aransas Bay
during 1987 (Table 6). Annual catch rates of small oysters increased
in all bays in 1987 except Galveston, San Antonio and lower Laguna
Madre. Coastwide monthly catch rates in 1987 were highest (1,492-
1,872/h) during September-December (Appendix A).

Coastwide annual catch rates of market Eastern oysters decreased
from 398/h in 1986 to 295/h in 1987. Catch rates among bay systems
ranged from 3/h in lower Laguna Madre in 1987 to 674/h in Galveston
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Bay during 1985 (Table 6). Annual market catch rates in 1987
decreased in all bays except Sabine Lake and Aransas. Coastwide
monthly catch rates in 1987 were highest (398/h) during December
(Appendix A).

Hydrologic characteristics at oyster reef stations varied among
months and among bay systems (Appendix B). Bay system salinities
were generally higher (25.2-41.5 o/00) in lower Laguna Madre than in
any other bay system (2.3-33.5 o/oo). Water temperatures followed
seasonal trends increasing from lowest values during January (9.4-
14.4 C) to highest values during August (28.9-30.6 C) then declining
through December (13.3-17.2 C). Turbidities ranged from 3-75 NTU
among bay systems.

Non-reef Areas

Coastwide annual catch rates of Eastern oyster spat increased
from 106/h in 1986 to 116/h in 1987. Catch rates among bay systems
ranged from 0/h in upper Laguna Madre in 1986 and 1987 to 403/h in
East Matagorda Bay during 1986 (Table 7). Coastwide monthly catch
rates in 1987 were highest (715/h) during September (Appendix A).

Coastwide annual catch rates of small Eastern oysters decreased
from 103/h in 1986 and 63/h in 1987. Catch rates among bay systems
ranged from O/h in upper and lower Laguna Madre in 1986 and 1987 to
454/h in Aransas Bay during 1986 (Table 7). Coastwide monthly catch
rates in 1987 were highest (203/h) during September (Appendix A).

Coastwide annual catch rates of market Eastern oysters decreased
from 36/h in 1986 to 30/h in 1987. Catch rates among bay systems
ranged from O/h in upper and lower Laguna Madre in 1986 and 1987 to
120/h in East Matagorda Bay during 1986 (Table 7). Coastwide monthly
catch rates in 1987 were highest (79/h) during September
(Appendix A).

Hydrologic characteristics of oyster non-reef stations varied
among months and among bay systems (Appendix B). Bay system
salinities were generally higher (18.4-40.4 o/00) in Corpus Christi
Bay and upper and lower Laguna Madre than in other bay systems (2.6-
26.2 o/o0). Water temperatures followed seasonal trends increasing
from lowest values during January (9.4-14.5 C) to highest values
during August (28.1-30.3 C) then declining through December (12.5-
16.5 C). Turbidities ranged from 4-63 NTU among bay systems.

DISCUSSION

The TPWD is mandated by the Texas Legislature and the TPWC to
investigate the supply, economic value, environment, breeding habits,
sex ratios, effects of fishing, and other factors or conditions
causing increases or decreases in the supply of shellfishes and
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finfishes in Texas waters. Long-term trend data based on independent
standardized monitoring programs are necessary to assess changes in
relative abundance of these populations. Data in this report can be
used to determine long-term trends in abundance and stability of
shellfish and finfish populations in Texas coastal waters.

Data obtained during this study have been used to implement
management regulations. Shrimp data were used to recommend the dates
for the closure of Texas gulf waters to shrimping (Bryan 1985, 1986,
In preparation). Oyster data were used to implement oyster season
closures in Galveston Bay from 9 December 1986-19 February 1987 and
in all other bays (except San Antonio) from 13 January-19 February
1987 (TPWD unpublished data). Oyster data were used to establish the
oyster transplant season in Galveston Bay (TPWD unpublished data).
All of these data are also being used to develop management plans for
shrimp and oysters as mandated by the Texas Legislature, and for blue
crabs and selected finfishes as part of the TPWD'’s 6-year plan.

Relative abundance of shellfishes is not uniform throughout the
year. The monthly bag seine, trawl, and oyster dredge catches in
this report indicate specific periods of high abundance for brown
shrimp, white shrimp, pink shrimp, blue crab, and Eastern oyster. A
more efficient method of estimating abundance from year to year
(estimate having the highest precision for effort expended) might be
to identify and pool data for months which do not have significantly
different catch rates. It is recommended that periods of high
abundance in bag seines, trawls, and oyster dredges be statistically
determined for each of the species for the appropriate gear and that
these "seasonal" catch rates be considered for presentation in future
reports.
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Figure 1. Sabine Lake System.
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Figure 2. Galveston Bay System.
(A) Trinity, upper Galveston and East Bays

(B) West Bay
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Figure 3. Matagorda Bay System.
(A) Matagorda Bay

(B) Lavaca Bay
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Figure 4. San Antonio Bay System.
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Figure 5. Aransas Bay System.
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Figure 6. Corpus Christi Bay System.
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Figure 7. Upper Laguna Madre System.
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Figure 8. Lower Laguna Madre System.
(A) Lower Laguna Madre

(B) South Bay
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Figure 9. East Matagorda Bay System.
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Figure 10. Texas Territorial Sea.
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Appendix A. Monthly mean catch rates of selected shellfishes and
finfishes caught in bag seines, bay trawls and gulf
trawls in Texas bay systems.
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Appendix B. Hydrological summary for bay trawl, oyster dredge and
gulf trawl samples.
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Appendix C. Summary of SEAMAP samples by year and depth zone for
brown shrimp, white shrimp, pink shrimp and blue crab
off Texas during 1982-1987.
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