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ABSTRACT

Trends in relative abundance and size of red drum (Sciaenops ocellatus),
spotted seatrout (Cynoscion nebulosus), black drum (Pogonias cromis),
sheepshead (Archosargus probatocephalus), southern flounder (Paralichthys
lethostigma), Atlantic croaker (Micropogonias undulatus), sand seatrout (C.
arenarius), gafftopsail catfish (Bagre marinus), Gulf menhaden (Brevoortia
patronus), hardhead catfish (Arius felis), pinfish (Lagodon rhomboides), spot
(Leiostomus xanthurus), striped mullet (Mugil cephalus), brown shrimp (Penaeus
aztecus), white shrimp (P. setiferus), pink shrimp (P. duorarum), blue crab
(Callinectes sapidus), and Eastern oyster (Crassostrea virginica) have been
monitored since 1975 using a standardized fishery independent sampling program
in Texas bay systems. Bag seines were used along bay and gulf shorelines,
gill nets along bay shorelines, beach seines along gulf shorelines, and 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.
Compared to 1987, spring and fall 1988 gill net catch rates for red drum
increased and for spotted seatrout remained the same. Black drum spring gill
net catch rates decreased whereas fall rates increased compared to 1987. The
1988 annual bag seine catch rates decreased for all three species. Coastwide
brown shrimp catch rates decreased in bag seines and bay trawls in 1988, but
increased in gulf trawls. White shrimp catch rates declined in bag seines,
bay trawls and gulf trawls. Pink shrimp catch rates increased in bag seines,
bay trawls, and gulf trawls during 1988. Catch rates of blue crabs increased
from 1987 in bag seines and bay trawls, but remained the same in gulf trawls.
Highest catches of market Eastern oysters occurred during October. The 1988
data continue to reveal that impacts of management decisions based on optimum
yield, effects of catastrophic events, and stock recruitment relationships can
be measured by using estimates of relative abundance based on the fishery

independent monitoring program.




INTRODUCTION

Fisheries management has become more complicated because of increased
numbers of commercial and recreational fishermen harvesting the same species.
Commercial and recreational fishermen in the United States have increased
fishing pressure on marine finfish stocks in recent years. Marine landings of
finfishes by commercial fishermen increased from 2 billion kg in 1955 to 3
billion kg in 1980 (Anderson and Power 1957, United States Department of
Commerce 1982). The number of recreational saltwater anglers tripled during
the same period (United States Department of Interior 1956, United States
Department of Interior and United States Department of Commerce 1982).

Monitoring program data are used to determine relative abundance and size
of finfishes and shellfishes to allocate and regulate the harvest. Eastern
oyster populations have been monitored in Galveston Bay since 1951
(Hofstetter 1977). Penaeid shrimp populations have been monitored in at least
some bays since 1958 (Benefield and Baker 1980). Blue crab populations have
been monitored in Texas bay systems since 1977 (Hammerschmidt 1982). The
Texas Parks and Wildlife Department (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 in "reef"
and "non-reef" bay areas, in 1985 using trawls in the gulf, and in 1987 using
beach seines to monitor trends and to assess relative abundance and size of
finfishes and shellfishes. Gill net sets during spring (15 April-15 June) and
fall (15 September-15 November), and monthly bag seine, trawl, oyster dredge,
and beach seine samples provide a statistically consistent and cost efficient
method for obtaining information on juvenile, sub-adult, and adult finfish and
shellfish populations.

The objectives of the present study were to:

1. determine and monitor trends in species composition, size and
relative abundance of selected finfishes and shellfishes in the
coastal bay systems and in the gulf off Texas.

2. publish the results in a report which will assist resource managers
to effectively manage selected finfishes and shellfishes.

- Differences in the information in this report compared to previous
versions are due to updating the data base. The present report should be
considered the most accurate to date.

MATERTALS AND METHODS

Monofilament gill nets (183 m long; 1.2 m deep with separate 45.7-m
sections of 7.6-, 10.2-, 12.7- and 15.2-cm stretched mesh tied together in
ascending mesh size) were used in nine Texas bay systems during November 1975
through December 1988; Sabine Lake was incorporated April 1986 (Figures 1-9).
Bag seines (18.3 m long; 1.8 m deep with 1.3-cm stretched nylon multifilament
mesh in the 1.8 m wide central bag with remaining webbing 1.9-cm stretched
mesh) were used in the nine bays during October 1977 through December 1988;
East Matagorda Bay was added February 1983 and Sabine Lake January 1986.
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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 the nine bays during January 1982-
December 1988; Sabine Lake was added January 1986 and East Matagorda Bay April
1987. Trawls, identical to those used in the bays, were used in the Texas
Territorial Sea (<16.7 km from shore) during January 1986-December 1988
(Figure 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). 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 the nine bays during
January 1986-December 1988. Bag seines and beach seines (60.9-m long; 1.8-m
deep with 7.6-cm stretched #12 monofilament mesh) were used along gulf beach
shorelines in five areas: Sabine Pass-Bolivar Peninsula, Galveston Island-
Follets Island-Surfside Beach, Matagorda Peninsula, Matagorda Island-San Jose
Island, and Mustang Island-South Padre Island (Figure 10).

Prior to September 1984, sites for setting gill nets during spring (15
April-15 June) and fall (15 September-15 November) and for sampling with bag
seines (monthly) were randomly selected from about 100 stations in each bay
system (McEachron and Green 1985). Beginning September 1984, gill net, bag
seine, and beach seine sites were randomly selected from grids (1 minute
longitude by 1 minute latitude) that contained >15.2 m of shoreline. Each
selected grid was subdivided into 144 5-second "gridlets". All "gridlets"
that contained shoreline were used to randomly choose sample sites.

Prior to fall 1981, no less than eight nor more than 16 overnight gill
net sets occurred in each season in each bay system. Since fall 1981, 45 gill
nets were set overnight during each season in each bay system except East
Matagorda Bay. In East Matagorda Bay, eight sets were made in each season.
Not less than three nor more than seven gill nets were set each week during
each season except in East Matagorda Bay. No more than nine stations were
duplicated each season. Prior to September 1984, two gill nets were set in
East Matagorda Bay during the first and last two fullest weeks of each month.
Beginning in fall 1984, two gill nets were set in East Matagorda Bay during
each week of the fall and spring seasons. Gill nets were set perpendicular to
shore with the smallest mesh shoreward; they were set within 1 h before sunset
and were retrieved within 4 h after the following sunrise. Total fishing time
was recorded to the nearest 0.1 h. Each sampling week extended from 1 h
before sunset on Sunday through 4 h after sunrise the following Sunday.

Prior to October 1981, six bag seine samples were collected each month
in each bay system. During October 1981 through August 1984 10 bag seine
samples were collected each month in each bay system with half of the samples
being collected during each of the first and last two fullest weeks of each
month (McEachron and Green 1985). Beginning September 1984, five stations
were sampled during the 1st-15th and during the 16th-31st of each month.
Since April 1988, 6 bag seines samples were collected during the lst-15th and
during the 16th-31st of each month in each bay system. No station was
duplicated in a month. Bag seines were pulled parallel to shore for a
distance of 15.2-30.5 m prior to September 1984. Beginning September 1984,
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all bag seines were pulled 15.2 m. Beginning October 1987, 3 bag seine
samples were collected during the lst-15th and during the 16th-31st of each
month along gulf beach shoreline areas. The rectangular surface area sampled
(nearest 0.01 ha) was estimated using distance pulled and length of extension
of the bag seine.

Beginning October 1987, 6 beach seine samples were collected each month
along gulf beach shoreline areas. Three beach seine samples were collected
during each of the 1lst-15th and 16th-31st of each month. No station was
duplicated. Beach seine samples were pulled parallel to gulf shorelines in
the same direction as the long-shore current for 30.5 m. The rectangular
surface area sampled (nearest 0.0l ha) was estimated using distance pulled and
length of extension of the beach seine.

Trawls were used in bays which 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 (1-
minute longitude by l-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 1lst-15th and during the 16th-31st of each month except in the upper and
lower Laguna Madre systems. In both upper and lower Laguna Madre 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.

Gulf trawl sites in each area were randomly selected from gulf grids in
the TTS (Figure 10) that contained water >1.8 m deep in at least 1/3 of the
grid and which was known to be free of 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,
parallel to the fathom curve and the 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 were used during daylight hours in the gulf off Sabine Pass,
Galveston, Port O'Connor, Port Aransas, and Port Isabel during June and
November 1988 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).

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-
second "gridlets". All "gridlets" that contained the respective "reef" or
"non-reef" area were used to randomly choose sample sites. During the lst-
15th and 16th-31st 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
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each of Sabine Lake and lower Laguna Madre; and 10 stations (10 "non-reef")
were sampled 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 bag seines, beach seines, trawls and oyster
dredges extended from sunrise Monday through sunset the following Sunday.
Collections were made during daylight hours only.

Catch rates for red drum (Sciaenops ocellatus), spotted seatrout
(Cynoscion nebulosus), black drum (Pogonias cromis), sheepshead (Archosargus
probatocephalus), southern flounder (Paralichthys lethostigma), Atlantic
croaker (Micropogonias undulatus), blue crab (Callinectes sapidus), brown
shrimp (Penaeus aztecus), white shrimp (P. setiferus), pink shrimp (P.
duorarum), Eastern oyster (Crassostrea virginica), "other finfishes", and
"total finfishes" were calculated by dividing total number of each species
captured by total hours fished (gill net, trawl, and oyster dredge) or ha
sampled (bag seine and beach seine) from all samples in a season (gill net) or
month (bag seine, beach seine, trawl, and oyster dredge) for each bay system.
Fishes greater than 204 mm long were eliminated from bag seine catch rate
calculations based on the findings of McEachron and Green (1986). Live
Eastern oysters were grouped into spat (5-25 mm), small oysters (26-75 mm),
and market oysters (>76 mm). Coastwide catch rates were weighted by the
length of each bay system’s shoreline (gill net, bay bag seine), by the amount
of surface area with water >1 m deep (Matlock and Ferguson 1982) in each bay
system (bay trawl), by total number of trawlable grids (gulf trawl) by number
of "reef" or "non-reef" grids (oyster dredge), or by number of gulf shoreline
grids (beach seine and beach bag seine). Bay bag seine, trawl, oyster dredge,
beach seine and beach bag seine annual catch rates were calculated from
monthly means (unweighted by sample size).

Total lengths (nearest 1 mm) of fishes (tip of snout with mouth closed
to the tip of longest caudal ray with caudal fin compressed) and crabs
(carapace width measured from spine to spine) caught in gill nets were
obtained for the first 19 individuals of each species caught in each mesh size
each week in each bay system during seasonal sampling. Mean fish lengths in
gill nets were calculated for each uf the four mesh sizes in each sample.

Mean lengths for the combined meshes were calculated by weighting the mean
lengths in each mesh by the proportion of species caught in each mesh. Total
lengths of fishes, crabs, and shrimps (tip of rostrum to tip of telson) caught
in bag seines and beach seines were obtained from random selection of no more
than 19 individuals of each species in each sample. Total lengths of fishes
greater than 204 mm were eliminated from bag seine mean length calculations
based on the findings of McEachron and Green (1986). Total lengths of
selected shrimps and blue crab caught in trawls were obtained from random
selection of no more than 50 shrimp of each of brown shrimp, white shrimp, and
pink shrimp and 35 blue crabs 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
for all gears were weighted according to the catch rate in each bay system.
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Surface salinity, water temperature, dissolved oxygen, and turbidity
were measured at the set and pickup for each gill net and prior to each bag
seine and beach seine sample. Bottom salinity, water temperature, and
turbidity were measured prior to each trawl and oyster dredge sample.
Beginning January 1987 turbidity values were measured in Nephelometric Units
(NTU) instead of Jackson Turbidity Units (JTU). Means for these parameters
were calculated for each season (gill net) and for each month (bag seine,
trawl, oyster dredge, and beach seine).

RESULTS
Gill Net

The highest spring coastwide red drum catch rate (0.8/h) occurred in
1980, 1986 and 1988 (Table 1). Lowest catch rates occurred in 1977-1979
(0.3/h). Catch rates in all other years ranged from 0.4-0.7/h. Catch rates
within each bay system ranged from <.1/h to l.4/h.

The highest fall coastwide catch rate for red drum (1.0/h) occurred in
1979; the lowest catch rate (0.5/h) occurred in 1982 and 1983 (Table 2). All
other fall catch rates varied from 0.6-0.9/h. Generally, fall catch rates
from the upper Laguna Madre (0.2-0.7/h) have been consistently lower than in
any other bay system.

Spring coastwide spotted seatrout catch rates were highest (1.1/h) in
1976 (Table 1). Catch rates declined through 1979 to 0.3/h. They increased
through 1982 to 0.9/h; catch rates then declined to 0.3/h in 1984, and
increased through 1988 to 0.7/h. Catch rates in the lower Laguna Madre (0.6-
3.4/h) were generally higher than in any other bay system.

The highest fall coastwide spotted seatrout catch rate (0.7/h) occurred
in 1976 (Table 2). All catch rates since 1977 have ranged from 0.2-0.4/h.
Fall catch rates within each bay system ranged from 0.1-2.4/h.

Spring coastwide black drum catch rates were highest (1.0/h) in 1983
(Table 1). They were lowest (0.3/h) in 1978. Catch rates ranged from 0.4 to
0.7/h in all other years. Catch rates within each bay system ranged from <.1-
2.7/h.

The highest fall coastwide black drum catch rate (1.0/h) occurred in
1982 (Table 2). The lowest catch rate (0.3/h) occurred in 1979 and 1984.
Catch rates in all other years ranged from 0.4-0.9/h. East Matagorda Bay and
lower Laguna Madre catch rates (0.1-2.4/h) were generally higher than in any
other bay system.

Fall and spring coastwide sheepshead catch rates were <0.3/h each year
(Tables 1 and 2). Catch rates within each bay system rarged from 0.0-0.6/h
and from 0.0-1.1/h during spring and fall, respectively.
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Spring and fall coastwide southern flounder catch rates were <0.2/h
during all years (Tables 1 and 2). Catch rates within each bay system were
<0.3/h except for East Matagorda Bay during fall 1976 (0.5/h).

The highest spring coastwide Atlantic croaker catch rate (0.3/h)
occurred in 1976; catch rates were <0.2/h in all other years (Table 1). Catch
rates within each bay system ranged from 0.0-1.0/h.

The highest fall coastwide Atlantic croaker catch rate (0.4/h) occurred
in each of 1982, 1983, 1986 and 1987 (Table 2). Catch rates in all other
years ranged from 0.1-0.3/h. Corpus Christi Bay generally had highest catch
rates (0.4-1.7/h).

Spring and fall coastwide catch rates of "other finfishes" ranged from
0.5-1.2/h in all years (Tables 1 and 2). Catch rates in each bay system
ranged from 0.0-2.7/h. Generally, catch rates in the upper Laguna Madre were
lower (<.1-0.5/h) than in any other bay system during both fall and spring.

Spring and fall coastwide "total finfishes" catch rates ranged from 3.7-
7.3/h in all years (Tables 1 and 2). Catch rates in each bay system ranged
from 1.1-11.1/h. Generally, highest catch rates (4.6-11.1/h) were recorded in
Galveston Bay during spring in all years.

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 were < 0.3/h in all bay
systems.

Spring and fall coastwide mean lengths did not vary over about 125 mm
among years for any species (Tables 1 and 2). Red drum mean lengths ranged
from 372-500 mm. Spotted seatrout mean lengths ranged from 422-495 mm. Black
drum mean lengths ranged from 341-474 mm. Sheepshead mean lengths ranged from
297-382 mm. Southern flounder mean lengths ranged from 322-363 mm. Atlantic
croaker mean lengths ranged from 263-323 mm.

Highest catch rates for red drum, spotted seatrout, Atlantic croaker,
"other finfishes", and "total finfishes" occurred in the 7.6-and 10.2-cm
meshes (Appendix A, Tables A.1-A.18). Black drum, sheepshead and southern
flounder catch rates in the 12.7- and 15.2-cm meshes generally equaled or
exceeded catch rates in the 7.6- and 10.2-cm meshes. Largest fish of each
species were generally caught in the 12.7- and 15.2-cm meshes.

Bay Bag Seine

Coastwide red drum catch rates were highest (20-26/ha) during 1980-1983
and 1987, and lowest (6/ha) in 1984; they ranged from 7-18/ha in all other
years (Table 3). Catch rates among bay systems ranged from 1/ha in upper
Laguna Madre in 1982 and 1985 and Aransas Bay in 1986 to 59/ha in Galveston
Bay in 1980.
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Coastwide spotted seatrout catch rates were highest (15/ha) in 1982 and
lowest (4/ha) in 1984; they ranged from 5-14/ha in all other years (Table 3).
Catch rates among bay systems ranged from <l/ha in lower Laguna Madre in 1980
to 37/ha in Galveston Bay in 1979 and 1982.

Coastwide black drum catch rates were highest (13-16/ha) in 1978 and
1979 (Table 3). Lowest catch rate (1/h) was recorded in 1986. Highest bay
system catch rates occurred in Galveston Bay (1-40/ha); catch rates in all
other bay systems were generally <12/ha except San Antonio Bay in 1978
(22/ha), lower Laguna Madre in 1979 (18/ha), and upper Laguna Madre in 1987
(44/ha) .

Highest coastwide sheepshead catch rate (6/ha) occurred in 1979; all
other catch rates were <l/ha (Table 3). Individual bay system catch rates
were <3/ha except in Galveston Bay (15/ha), San Antonio Bay (6/ha), and Corpus
Christi Bay (13/ha) during 1979.

Coastwide southern flounder catch rates were highest in 1982 (8/ha).
All other catch rates ranged from 1-6/ha (Table 3). Individual bay system
catch rates were <15/ha except in Aransas Bay (18/ha) in 1982, in Matagorda
Bay (19/ha) in 1986, and in Galveston Bay in 1987 (20/ha).

Coastwide Atlantic croaker catch rates were highest in 1982 (471/ha) and
1984 (402/ha) and lowest (113/ha) in 1987 (Table 3). All other catch rates
ranged from 122-364/ha. Galveston Bay generally had highest catch rates (148-
1,812/ha) during all years.

Coastwide catch rates for "other finfishes" ranged from 692/ha in 1987
to 1,591/ha in 1979 (Table 3). Bay system catch rates ranged from 236/ha in
Matagorda Bay in 1988 to 3,419/ha in Aransas Bay in 1982.

Highest coastwide catch rate (5,242/ha) for "total finfishes" occurred
in 1980; catch rates in all other years ranged from 2,028-4,188/ha (Table 3).
Bay system catch rates ranged from 632/ha in Matagorda Bay in 1980 to
18,543 /ha in Galveston Bay in 1980.

Coastwide blue crab catch rates fluctuated from 49/ha in 1978 to 113/ha
in 1985 (Table 3). Catch rates among bay systems ranged from 10/ha in
Matagorda Bay during 1978 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. Highest coastwide
catch rate (611/ha) occurred in 1987 (Table 3). Catch rates among bay systems
ranged from 53/ha in upper Laguna Madre during 1979 to 1,162/ha in Galveston
Bay during 1987.

Highest coastwide pink shrimp catch rates occurred during 1988 (28/ha),
1982 (26/ha) and 1981 (24/ha); they ranged from 3-12/ha in all other years
(Table 3). Highest catch rates generally occurred in Aransas Bay (0-135/ha)
and Corpus Christi Bay (0-106/ha).
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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 1988
indicated seasonal peaks in abundance which were unique for each species
(Appendix A, Table A.19). Red drum coastwide catch rates were highest during
November of one year to March of the next year. Coastwide spotted seatrout
catch rates were highest during July-November. Highest catch rates for black
drum occurred in July and August. Coastwide sheepshead catch rates were
highest during July. Highest coastwide southern flounder catch rates occurred
during February-June. Coastwide Atlantic croaker catch rates were highest
during February-May. Highest coastwide catch rates of "other finfishes"
occurred in April and June-August. Coastwide catch rates for "total
finfishes" were highest during February-September. Blue crab catch rates were
highest during March-May. Brown shrimp catch rates were highest during May-
July. Highest pink shrimp catch rates occurred during March, July and
September-November. White shrimp catch rates were highest during July-
November.

Bay Trawl

Coastwide annual blue crab bay trawl catch rates ranged from 17/h in
1987 to 22/h in 1988 (Table 4). Catch rates among bay systems ranged from 2/h
in Corpus Christi during 1983 to 89/h in San Antonio Bay during 1988.

Coastwide brown shrimp catch rates were highest in 1987 and 1988 (46/h
and 44/h, respectively) (Table 4). Catch rates among bay systems ranged from
< 1/h in Sabine Lake during 1986 to 138/h in Aransas Bay during 1988.

Coastwide pink shrimp catch rates were <4/h in all years (Table 4).
Catch rates among bay systems ranged from O/h in Sabine Lake during 1986-88,
Galveston Bay during 1984, and lower Laguna Madre during 1982 to 20/h in
Aransas Bay during 1988.

Coastwide white shrimp catch rates decreased from 47/h in 1982 to 20/h
in 1988 (Table 4). Catch rates among bay systems ranged from <l/h in lower
Laguna Madre during 1988 to 88/h in Galveston Bay during 1982.

Coastwide monthly bay trawl shellfish catch rates during January-
December 1988 indicated seasonal peaks in abundance varied among species
(Appendix A, Table A.20). Blue crab catch rates were highest during March-
June. Brown shrimp catch rates were highest during May-July. Highest catch
rates of pink shrimp occurred during March-May and November. White shrimp
catch rates were highest during August-November.

All other select finfish species coastwide and monthly catch rates and
mean lengths varied among species, among bays, among years, and among months
(Table 4; Appendix A, Table A.20).



Gulf Trawls

Coastwide blue crab gulf trawl catch rates were <3/h in all years
(Table 5). The Sabine area generally had highest catch rates (2-4/h) except
for Galveston in 1986 (6/h). Coastwide monthly catch rates were highest (4/h)
during June (Appendix A, Table A.21).

Coastwide brown shrimp catch rates ranged from 9/h to 20/h in all years.
Catch rates among gulf areas ranged from <l1/h off Port Isabel in 1988 to 47/h
off Port Aransas in 1985 (Table 5). Coastwide monthly catch rates were
highest (108/h) during June (Appendix A, Table A.21).

Coastwide annual pink shrimp catch rates were <2/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 and 1988 to 7/h off Port Aransas in 1988.
Coastwide monthly catch rates were highest (8/h) during June (Appendix A,
Table A.21).

Coastwide annual white shrimp catch rates decreased from 24/h in 1985
and 1986 to 12/h in 1988. Catch rates among gulf areas ranged from <l/h off
Port Isabel in 1988 to 53/h off Galveston in 1985 and 1986 (Table 5).
Coastwide monthly catch rates were highest (43/h) during December (Appendix A,
Tables A.21).

Individual select finfish species coastwide and monthly catch rates and
mean lengths varied among species, among gulf areas, and among months
(Appendix A, Table A.21).

Oyster Dredge

"Reefll

Coastwide catch rates of Eastern oyster spat decreased from 1,144/h in
1987 to 959/h in 1988. Annual spat catch rates decreased in all bays in 1988
except in Galveston, Matagorda and San Antonio Bays. 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). Coastwide monthly catch rates were highest (1,190-
1,367/h) during August-December (Appendix A, Table 22).

Coastwide catch rates of small Eastern oysters increased from 950/h in
1987 to 1,033/h in 1988. Annual catch rates of small oysters increased in all
bays in 1988 except East Matagorda, San Antonio, Aransas and Corpus Christi
Bays. Catch rates among bay systems ranged from 22/h in lower Laguna Madre
during 1987 to 2,499/h in Aransas Bay during 1987 (Table 6). Coastwide
monthly catch rates in 1988 were highest (1,370/h) during October (Appendix A,
Table 22).

Coastwide catch rates of market Eastern oysters increased from 270/h in
1987 to 274/h in 1988. Annual market catch rates in 1988 increased in all
bays except East Matagorda, San Antonio and Aransas Bays. Catch rates among
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bay systems ranged from 3/h in lower Laguna Madre in 1987 to 674/h in
Galveston Bay during 1985 (Table 6). Coastwide monthly catch rates in 1988
were highest (352/h) during October (Appendix A, Table 22).

"Non-reef™"

Coastwide annual catch rates of Eastern oyster spat decreased from 116/h
in 1987 to 48/h in 1988 (Table 7). Catch rates among bay systems ranged from
0/h in upper Laguna Madre in 1986 through 1988 to 403/h in East Matagorda Bay
during 1986 (Table 7). Coastwide monthly catch rates in 1988 were highest
(263/h) during February (Appendix A, Table 23).

Coastwide annual catch rates of small Eastern oysters decreased from
63/h in 1987 to 60/h in 1988. Catch rates among bay systems ranged from O/h
in upper and lower Laguna Madre in 1986 through 1988 to 454/h in Aransas Bay
during 1986 (Table 7). Coastwide monthly catch rates in 1988 were highest
(157/h) during March (Appendix A, Table 23).

Coastwide annual catch rates of market Eastern oysters decreased from
30/h in 1987 to 21/h in 1988. Catch rates among bay systems ranged from O/h
in upper and lower Laguna Madre in 1986 through 1987 to 120/h in East
Matagorda Bay during 1986 (Table 7). Coastwide monthly catch rates in 1988
were highest (52/h) during February (Appendix A, Table 23).

Beach Seine

Coastwide red drum, black drum and blue crab catch rates were each
<l/ha in all years (Table 8). Catch rates in all gulf areas were <l/ha.

Coastwide spotted seatrout catch rates were <l/ha in all years
(Table 8). Catch rates among gulf areas ranged from O/ha in gulf-21 in 1987
to 2/ha in gulf-17 and -18 in 1988,

All other select finfish species coastwide and monthly catch rates and
mean lengths varied among species, among gulf areas and among months (Table 8,
Appendix A, Table A.24).

Coastwide annual catch rates for "other finfishes" increased from 1/ha
in 1987 to 10/ha in 1988 (Table 8). Gulf area catch rates ranged from <l/ha
in gulf-21 in 1987 to 19/ha in gulf-19 in 1988.

Highest coastwide annual catch rate (28/ha) for "total finfishes"
occurred in 1988 (Table 8). Gulf area catch rates ranged from 6/ha in gulf-19
in 1987 to 34/ha in gulf-17 in 1988,

Coastwide monthly beach seine catch rates during January-December 1988
indicated peaks in abundance for some species (Appendix A, Table A.24).
Coastwide spotted seatrout catch rates were highest during May-August.
Highest coastwide catch rate for black drum occurred in October. Highest
coastwide catch rates of "other finfishes" occurred in June. The coastwide
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catch rates for "total finfishes" were highest during June. Blue crab catch
rates were highest during May.

Beach Bag Seine

Coastwide annual red drum, spotted seatrout and black drum catch rates
were <l/ha in all years and areas.

Coastwide and monthly catch rates and mean lengths of individual select
finfish species varied among species, among gulf areas and among months
(Table 9; Appendix A, Table A.25).

Coastwide annual catch rates for "other finfishes" increased from 461/ha
in 1987 to 1,560/ha in 1988 (Table 9). Gulf catch rates ranged from 110/ha in
gulf-17 in 1987 to 3,607/ha in gulf-18 in 1988.

Coastwide annual catch rates for "total finfishes" increased from 491/ha
in 1987 to 1,776/ha in 1988 (Table 9). Gulf area catch rates ranged from
226/ha in gulf-17 in 1987 to 3,668/ha in 1988.

Coastwide annual blue crab beach bag seine catch rates increased from
1/ha in 1987 to 7/ha in 1988 (Table 9). The highest (26/ha) catch rate
occurred in gulf-17 in 1988.

Coastwide monthly beach bag seine catch rates during January-December
1988 indicated peaks in abundance for some species (Appendix A, Table A.25).
Highest coastwide catch rate for black drum occurred in September. Highest
coastwide catch rates of "other finfishes" and "total finfishes" generally
occurred during May through September. Coastwide catch rates for blue crab
were highest during April.

Hydrologic Data

Hydrologic data varied among months, among bay systems and among gulf
areas (Appendix B, Tables B.1-B.24). Bay salinities were generally higher in
upper and lower Laguna Madre than in any other bay. Gulf salinities were
generally higher off Port Isabel and Port Aransas. Water temperatures
followed seasonal trends.

Seamap

Summer

Catch rates of brown shrimp by depth zone ranged from 309/h in 19-37 m
to 3/h in 74-91 m during 1988 (Appendix C, Table C.1). Catch rates in all
depth zones during 1988 were less than those recorded during 1982-1986.
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White shrimp were caught primarily in waters from 0-18 m deep during all
years (Appendix C). Catch rates increased from 15/h in 1982 to 41/h in 1985
then declined to 4/h in 1988.

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

Fall

During fall 1988, brown shrimp were caught in all depth zones, with
highest catch rates (48/h) in 19-37 m (Appendix C, Table C.2). White shrimp
and pink shrimp were predominately caught in waters 0-37 m deep. No blue crab
were caught during fall 1988.

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 finfishes and shellfishes 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 the present report can be used to determine long-term trends in abundance
and stability of finfishes and shellfish populations in Texas coastal waters
and implement management regulations. McEachron and Green (1986) found
differences in coastwide annual catch rates for several species. Abundance
information from gill nets was used to justify the prohibition of sale and the
imposition of recreational bag and size limits for red drum and spotted
seatrout (Texas Parks and Wildlife Department 1983). Declines in relative
abundance of red drum and spotted seatrout (Matlock 1982) have stabilized
since the imposition of regulations.

Effective management of marine species populations requires knowledge of
the relationship between spawning and subsequent adult abundance (Cushing
1970, Gulland 1977). Since it has been possible to detect changes in annual
abundances with bag seines and gill nets, it may be possible to determine
stock recruitment relationships utilizing these gears. To determine these
relationships, it is imperative that the standardized monitoring program used
by the TPWD be maintained.

Information from the TPWD standardized monitoring program have
documented effects of natural catastrophes on marine populations. Changes in
relative abundance for several species was observed following the freeze of
1983-1984 (McEachron et al. 1984) and the red tide of 1986 (Hammerschmidt
1987). To determine effects of natural events in the Texas coastal ecosysten,
standardized monitoring programs used by the TPWD should be maintained.
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Shrimp data were used to recommend dates for the closure of Texas gulf
waters to shrimping (Bryan 1985, 1986, 1988). 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 were used to develop management plans for shrimp and oysters as
mandated by the Texas Legislature, and will be used for blue crabs and
selected finfishes as part of the TPWD'’s 6-year plan.

Relative abundance of juvenile finfishes and shellfishes are not uniform
throughout the year. Periods of high relative abundance in bag seines were
subjectively determined for red drum, spotted seatrout, black drum,
sheepshead, southern flounder, and Atlantic croaker (McEachron and Green
1986). The 1988 monthly bag seine, trawl, oyster dredge, and beach seine
catches in the present report also indicate specific periods of high abundance
for these species and 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) would 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 bay and
beach bag seines, beach 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 gulf shoreline and Texas Territorial Sea (TTS)
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APPENDICES
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Appendix A. Monthly mean catch rates (No./h) and mean total lengths (mm) of
selected finfishes and shellfishes caught by gear type,
sampling period and bay system.
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(Cont'd.)

Table A.4.

Mesh size

15.2-cm

No./h

12.7-cm

No./h

10.2-cm

No./h

7.6-cm

Length

Length

Length

Length

No./h

Year

Species
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Table A.7.

Mesh size

15.2-cm

No./h

12.7-cm

No./h

10.2-cm

No./h

7.6-cm
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No./h

Year
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Table A.8.

Mesh size

15.2-cm

No./h
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No./h

Length

Length

Length

Length

Year

Species

127

230

OO0OO0OO0OO0OOOOO—O0OO
* Ld . L] L4 . . . . . . L3

.
OCO0OO0OO0OOODOOOOVOOO

OOOOOOOOOOOOO
OOOOOOCJOOOOOO

296

OO0 OOO—~OOO
. L] . . . . . . . - L] . .
OO0 OO0OO0O0O0OVOOO

333
390

OOOF‘OOHOOOOOO
OOOVOOVOOOOOO

OMNOOO—=NMT WO
NS N 00 00000000
DA OY D
—t et et = e~ —
-
=3
(o]
S
T 2
Cc o
o O
(27

517
586
413
532

OO0 OCO——O OO
e e o o e o e ¢ s o o s o
OOO0OOO0OOV VOVOVO

577
545
536
472

OOOOO-—‘-—“—‘-—‘OOOO
OOOOO V V V VOOOO

374

OO0 OO0OOO—~0O0
. . . . . . . L . . . L] .
OO0 O0O0O0OO0OOO0OOO VOO

OO0 OOOOO0OO0O0OO0O
[oYoololoNoReleloNolalo N

OMNONO N ML WM 0
NN IS 00 00 00 00 00 00
oYX, Xo,No e, Neo No No  No No N o))
o e
—

o

i}

wn

a.c

o w

4+ -

Y U

Y-

o

[d> IS



128

162 1°0 90¢ 1°0 0S¢ v°0 £1¢ G0 8861
£0¢ "> 10€ 1°> LE€ 2°0 10] €°0 (861
v62 1> 8.2 1°0 123 2°0 11¢ G0 9861
6.2 1°> v82 1°0 91¢ €0 LOg 6°0 G861
GI¢ 1°> 00¢ 1°0 1€€ €°0 1283 01 v861
682 1°0 082 1°0 91¢ v°0 LT€ £°1 £861
11¢ 1°> 12013 1°> 6V 2°0 LOg L0 2861
0°0 862 1°> 192 1°0 662 80 1861
22¢ I°> G2 1°> 01¢ 1°> £82 2°0 0861
0°0 L12 1°0 862 1°0 90¢ 2°0 6L61
£62 I°> 6v2 1°0 162 2°0 162 L0 8.61
0°0 L62 1°0 L0€ 2°0 062 G'0 LL61 ystLjied
0°0 0°0 0°0 0°0 9/61 peayp.aey
0°0 0°0 £€2 1°> €42 1°> 8861
0°0 0°0 80¢ T°> 141 1°> (861
0°0 0°0 292 1°> 8v2 1°> 9861
0°0 0£2 1> L§2 1°> L€2 1°> G861
082 1°> €12 1°> G0¢ I°> €92 1> 7861
862 1°> 90¢ 1°> 9€¢ 1°> 212 1> €861
602 "> 2.2 1°> 162 1°0 192 £°0 2861
681 1> 982 1> 692 T°> 0°0 1861
0°0 2€2 T°> 962 1°0 992 9'0 0861
0°0 6.1 1°> 0°0 992 2°0 661
082 1°> 692 1> 892 1°> ¥92 2°1 8/61
0°0 0°0 282 1°> 0°0 LL6T uapeyuau
0°0 0°0 0°0 0°0 9/61 JLng
yibuaj Y/ oN yibusi y/ *oN y3jbua? y/*oN yibuaj y/ *ON NEEYY SETREL(Y
wo-z°61 wo-/°21 wi-2°01 wo-9°/
9ZLS YSIN
(*p,3u0)) °8°y 3lqel



129

0°0 0°0 Ge2 T°> 922 1°0 8861
0°0 v12 1°> 202 1°> 822 1°> (861
0°0 0°0 Geg 1°> 1234 1°0 9861
212 1°> 0€2 1°> 2ve 1°> 612 1°0 G861
0°0 222 1°> 192 1°> £€2 1°> v861
0°0 v61 1°> 142 1°> 822 2°0 £861
0°0 8.2 1°> 8€2 1°> 1€2 G0 2861
0°0 0°0 0°0 £22 1°0 1861
0°0 0°0 022 1> 9¢2 1°0 0861
0°0 0°0 194 1°> 6€2 1°0 661
0°0 0°0 2€2 1°> 622 1°0 8/61
0°0 0°0 0°0 822 2°0 LL61
0°0 0°0 0°0 0°0 9/61 30dg
0°0 0°0 0°0 291 1> 8861
0°0 0°0 bS1 1°> 681 1°> (861
0°0 0°0 162 1°> 802 1°> 9861
0°0 0°0 2 1°> 181 1°> G861
0°0 0°0 01¢ 1°> 0°0 v861
0°0 /€ 1°> 1€€ 1°> v81 1°> £861
0°0 212 1°> £62 1°> 181 1°> 2861
0°0 0°0 0°0 061 1°> 1861
0°0 0°0 0°0 0°0 0861
0°0 0°0 0°0 0°0 661
0°0 0°0 0°0 v02 1> 8/61
0°0 0°0 0°0 0°0 LL6]
0°0 0°0 0°0 0°0 9/61 ystLjutd
y3ibuaj y/ o\ yibual Y/ *oN yibuaj y/*oN yibuaj u/ *oN ST-EYY saLoads
wo-z°61 wo-/°21 wo-2°01 wd-9°/
9ZLS cmw_)_
(*P,3u0)) °8°v 3iqey



130

125 "> 926 1°> £L€ 1°> L8 1°0 8861
p29 1> 2.8 1°> 9/¢ 1> vy 1°> (861
yS9 1°> 029 1°> 10 1°> L2y 1°0 9861
£6v 1°> 8t 1°> [28 1°0 LS€ 2°0 G861
09§ 1*> (1]87 1°> £6¢ 1'0 80Y 1°0 v861
9Zb "> SOb 1°> LLE 1°0 8ve 1°0 £861
209 1> oty 1°> 09¢ 1°0 268 1°0 2861
0°0 1873 1°0 2€€ £°0 L62 1°0 1861
916 1> LSY 1°> A% 1°0 882 1°> 0861
£8¢ 1'> GbE 1°> £VE 1°0 92¢ 1°0 661
25b 1°> 8L 1°0 8G€ £°0 LbY 1°0 861

"> 00p 1°> pEE £°0 82y 1°0 LL61 SaYSLJuly

9g Y 1°> 0°0 G/2 1°> 0°0 9/61 43410
81t 1°> 0°0 €2y 1°0 LEE 1°0 8861
y9Y I'> 0°0 pEY 1°0 8be 1°> (861
0°0 0°0 1€ 1°> GGe 1°0 9861
2LE 1°> 327 1°> G2y 1°0 6b€ 1°0 G861
0°0 pEE 1°> 9Tt 1°0 6EE G0 ¥861
0°0 0°0 81v 1°0 8be 2'0 £861
0°0 82v 1°> G2y 1°> pye 1°0 2861
682 1°> €Iy 1°> 129 1°> ove 2°0 1861
0°0 0°0 VA 1°> 09¢ 1°0 0861
0°0 0°0 €2y 1°> 9G¢ 1°> 661
0°0 0°0 91¢ 1°> 1€€ 1°> 8.61

0°0 0°0 02y 1°0 G2¢ 1°0 [161 39 hw

0°0 0°0 0°0 G/E 1°> 9/61 padiLuis

yibuajy y/*oN y3bua u/ *oN yjbua7 y/°oN y3buay y/*oN NCEYY EETSELS

wo-2°G1 wo-/°21 wd-z°01 wd-9°/
9ZLS YSoW
(*p,3u0)) -8°y aLqel



131

0°0 11 1°> oVl 1°> 08 1> 8861
0°0 Y1 1°> V2Al 1°> 221 1°> (861
0°0 bS1 1°> 9y 1°> 8€1 1°> 9861
261 "> pET 1°> 1 1°> Syl 1°0 G861
¥91 1> 8v1 1°> Gh1 1°0 veT 1°0 v861
891 I°> v91 1°> v91 1°> 8¢ 1°> £861 qead an|g
G0S b0 £8Y L0 26€ 0°1 £€g 1°1 8861
60§ L0 88t 8°0 181% 6°0 1233 L0 /861
€6V £°0 0SY G0 €8¢ 8°0 8cg £°1 9861
v9v 2°0 11 G0 29¢ 2°1 01¢ L1 G861
£8Y £°0 0lv v°0 6.€ 8°0 LEE 81 ¥861
159 9°0 287 80 G8¢ €1 0€€ 2°2 £861
L9V v 0 1% G'0 28¢ €1 243 £°2 2861
80v v°0 88¢ 6°0 6v¢ 2°1 £2¢ L1 1861
8cY p°0 02y G0 98¢ 1°1 62€ 6°1 0861
9TY 2°0 1L€ £°0 6L€ 8°0 2€¢€ 0°1 661
2¢Y €0 v6€ b0 y8¢e 1°1 LYE 8°2 861
1947 2°0 21y v°0 G8¢ 21 1€€ 6°1 LL61 saystLjuty
G1v 2°0 GGE €°0 L€ G0 06€ 1°0 9/61 Leio)
yibusd Y/ oN yibuaj U/ *oN yibua] y/"oN y3buaj y/ *oN SCEYY ETEEL
Wwo-2°G] wo-/°21 wo-z°01 wo-9°/
wN.rm YSIn
(*p,3u0)) -8V 3lqeL



132

619 1°0 0v9 2°0 026 G°0 STy 8°0 8861
145 1'0 v€9 £°0 6€S 9°0 20 8°0 /861
185 "> 619 2°0 ob§ G°0 86¢ 8°0 9861
¥96 1°> 229 2°0 £€6 v°0 80v 8°0 G861
126 1°> 964 1°0 L6Y 2°0 10V £°0 861
G/ 1°> G19 2°0 026 G°0 61Y 9°0 £861
€19 1°0 65 v°0 G616 9°0 £1Y vl 2861
266 1°0 2€9 v°0 £€6 v°0 865 £°1 1861
919 1°0 £99 2°0 L15 2°0 16§ v°0 0861
244 1> £99 1°0 125 2°0 L8€ 2°0 661
149 1°0 29 2°0 £ES £°0 L6 L0 8L61
865 1°> 629 1°0 29% 2°0 96¢ 2°1 LL6T 1N043e3s
065 2°0 859 v°0 206 v°0 90y Ve 9/61 pajjods
629 2°0 2.5 £°0 oSt G0 G8¢ 2°0 8861
6£9 2°0 895 £°0 09t G0 21y 2°0 /861
059 1°0 185 2°0 G9v 9°0 0ov 1°0 9861
619 1°0 285 1°0 L9Y v 0 287 1°> G861
965 1°0 €16 2°0 85t 2°0 06€ 1°0 y861
v09 1°0 956 1°0 124 G0 91Y 1°0 £861
919 1°0 6€5 2'0 99% G°0 Vara% 1°0 2861
(017 1°> G8p 1°0 %7 G0 g2y £°0 1861
vv9 1°> 125 1°> 28y G0 81v 1°0 0861
216 "> 966 1°> 2% 2°0 G8E 1°> 661
1€9 1°> G9t 1°0 LvY v°0 22y 1°> 8.61
YA 1> 016 1°0 ovt v°0 06€ 1°0 LL6T

0°0 ovy 1°0 19% 0°1 0727 1°0 9/61 wnup pay
yibuad Y/ oN y3bua u/*oN yjbua] y/°oN yibua Y/ *ON NU-E) $3103dg

Wwo-z° g1 wo-7°21 wo-2°01 wo-9°/
9ZLS USoi

yitm jybned saysty pa3od|9s 404 3zLs ysaw Aq (ww) syjbua| (e3o3l ueaw pue (y/°ON) S33RL YoIed UPAY

*U3¥P] JUBWAJINSEAW OU SIIBILPUL Jue|g

*/861-9/61 burads buruanp wa3sAs aupey eunbe] uamo| ay3 ul s3au || LB

‘6°Y @1qel



133

80b 1°> L9€ 1> 062 1> 0°0 8861
(0747 1°0 9ve 1°0 982 1°> 0°0 (861
90Y 1°> vve 1> 562 1°> veS 1> 9861
L€ "> 6v€ 1> 90€ "> 0°0 G86T
08¢ 1°0 6€¢€ 1°0 00€ 1> 0°0 v861
9/€ 1°0 €€ 2°0 50¢ 1°0 00€ 1> £861
89¢ 2°0 22¢ £°0 662 1°0 9/2 1> 2861
9ce £°0 22¢ 2°0 0L2 I°> 0°0 1861
18¢ 2'0 gee 1'0 612 I°> 0°0 0861
L1€ 1°0 G9¢ 1°0 €2¢ 1°> 0°0 6461
2LE 1°0 3723 1°0 74 "> 2ve "> 8.61
22y 1°> 1213 1> 0°0 0°0 LL6T
0°0 L1€ £°0 0°0 0°0 9/61 peaysdaays
v1s 2°0 06t 1°0 82¢ 1°0 92¢ 1> 8861
1065 2°0 by 2°0 1729 1°> 22y 1> (861
L0§ 2°0 08Y 1°0 vSE 1°0 262 1°> 9861
005 1°0 247 1°0 91¢€ £°0 L€ 1> G861
96% £°0 G5t 2°0 8¢ 1°0 ove 1> v861
016 v°0 (317 8°0 (8¢ €0 21¢ 1> €861
08t b°0 LSY £°0 £€2¢ G0 €12 1°0 2861
59y £°0 60b £°0 124 2°0 T1€ 1°0 1861
16% 2°0 9eY 1°0 GLE 1°0 812 1> 0861
LLY p'0 L0 £°0 1€ 2°0 oge 1°> 6161
29Y v°0 02y 2°0 162 £°0 0°0 8.61
€8y v°0 07 €°0 LveE 1°0 8EY 1> LL6T
G2 2°0 L6€ 9°0 GT¢ 2'0 0°0 9/61 wnuap 3oe|g
y3buan Y/ " oN y3bua y/"oN Y3bua y/°oN y3buaT y/°oN STETY $3103dg
wd-2°G7 we-/°21 wd>-z° 071 wd-9°/
9ZLS YSaY
(*p,3u0)) -6°v 3Lqe]



134

0°0 0°0 0°0 962 1°> 8861
0°0 092 1°> 21¢ 1°> 9v2 1°> (861
0°0 0°0 682 1°> 882 1°0 9861
0°0 012 1°> GG¢ 1°> 092 1°0 G861
0°0 0°0 82¢ 1°> 92 1°> v861
0°0 2EY 1°> bLE 1°0 V(2 2°0 £861
£vE I°> 22 1°> L9€ 2°0 00f 2°0 2861
0°0 0°0 0°0 Ll 1°0 1861
0°0 0°0 ySE 1°> L12 1°0 0861
0°0 AR 1°> 0S¢ 1°0 292 1°0 661
0°0 0°0 0°0 9/2 1°0 8L61
0°0 0°0 00€ 1°> 192 2°0 LL6] 48%2040
0°0 09¢ 1°0 172 G°0 682 2°0 9/61 JLjue| 3y
61v 1°> G/E 1°> G2¢ 1°> 9/¢ 1°> 8861
9ty 1°> 2LE I°> 09¢ 1°> 025 1°> /861
pEY 1°> 19¢ 1°0 92¢ T°> 6.€ 1°> 9861
vov 1> 172 1°> SI¢ 1°> 2ve 1°> G861
oLY 1> 98¢ 1°> 0°0 v02 1°> v861
VAV, 1> 2LE 1°> 0€€ 1> 0S¢ 1°> €861
Gh 1°> 9G¢ 1°> 02¢ 1°0 01¢ 1°> 2861
81v 1°> 20 1> (82 1°> 0L2 1°> 1861
816 1> 19¢ 1°> 9pE 1°> 662 1°> 0861
9¢Y 1°> G8E 1°0 18723 1°0 82¢ 1°> 661
L9V 1°> Gee 1°> £9¢ 1°> 912 1°> 8.61
88¢ 1> £2¢ 1> 0°0 0°0 LL6T J3puno| j
0°0 0S¢ 2°0 0°0 0°0 9/61 u4ayinos
y3buai Yy/°OoN yibua? u/*oN yjbuad u/*oN y3ibua Y/ *oN NCETY $3103dS
wo-z°g] wo-/°21 wo-z°01 wo-9°/
9ZLS YS3Iy
(*p,3u0)) “*6°y 3lqe]



(Cont'd.)

Table A.9.

Mesh size
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Table A.11.,

Mesh size

15.2-cm

12.7-cm

No./h

10.2-cm

No./h

7.6-cm

No./h

Length

No./h
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Year
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Mesh size
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Table A.17.

Mesh size

15.2-cm

12.7-cm

No./h

10.2-cm

No./h

7.6-cm

Length

No./h

Length

Length

Length

No./h

Year

Species
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