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Abstract.—Between 1985-2007, Texas Parks and Wildlife conducted trawl surveys in
the Texas Territorial Sea (TTS) near five passes to the Gulf of Mexico (Sabine, Bolivar,
Matagorda, Aransas, and Brazos Santiago Passes) from shore out to 16.7 km within
NOAA Fisheries Service statistical zones 17- 21. Sixteen trawl samples were collected
monthly from randomly selected locations within each Gulf pass area (N =21,353). A
total of 7,688 red snapper (Lutjanus campechanus) were collected with mean total length
of 90 mm (+ 0.31 SE), and a coastwide mean catch/h of 2.1 (= 0.11 SE). Catches were
low along the northern coast with 0.4% collected near Sabine Pass and Bolivar Pass,
combined. Matagorda Pass, Aransas Pass, and Brazos Santiago Pass accounted for 16%,
43.8% and 39.8% of total catch, respectively. Monthly catches were lowest from January
through April, increasing from May through August, peaking in September (8.1/h £+ 0.67
SE), and decreasing through December. July — November accounted for 90% of total
catch. Young-of-the-year were present from April — November at Matagorda Pass; from
April — December at Aransas Pass; and throughout the year at Brazos Santiago Pass. The
smallest young-of-the-year began to appear in large numbers in July at all three passes.
Time series analysis revealed that catch is strongly seasonal, repeating from year to year,
and positively related to water temperature. The Texas Territorial Sea is not uniform
young-of-the-year habitat, and distinctly different regions are evident due to bathymetry
and oceanography. Egg and larval advection from Mexico may play an important role in
recruitment to the southern Texas Territorial Sea. Long-term increase in young-of-the-
year red snapper from 2000 — 2007 is coincident with decreased commercial shrimp

effort and use of bycatch reduction devices.
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Red snapper are an important commercial and recreational fish in the Gulf of Mexico.
In 2007, over 1,360 metric tons of commercially-fished red snapper, worth almost $9.6
million, were landed Gulfwide, with Texas accounting for 40.5% (551 metric tons) of the
commercial catch that year. Conversely, the Gulf of Mexico recreational fishery landed
almost 1.1 million red snapper Gulfwide that same year, with a total of only 5.4% (3.3%,
federal; 2.1% state) caught off the Texas coast (NOAA Fisheries Service, Fisheries
Statistics Division; Texas Parks and Wildlife Department). The NOAA Fisheries Service
has determined that red snapper are overfished and undergoing overfishing (Gulf of
Mexico Fishery Management Council, 2007). Stock assessments used to determine red
snapper population recovery are currently lacking long-term, year round information on
young-of-the-year from the western Gulf of Mexico. Published information on young-of-
the-year red snapper in the western Gulf of Mexico includes only spring and fall
Southeast Area Monitoring and Assessment Program (SEAMAP) resource surveys in the
area between Brownsville, Texas and Mobile Bay, Alabama (Drass et al., 2002), as well
as a number of other short-term studies (Moseley, 1966; Holt and Arnold, 1982; Rooker
et al., 2004; Gazey et al., 2008).

The Texas summer closure, begun by adoption of the Texas Shrimp Conservation Act
of 1959, completely closed the shrimp fishery in the Texas Territorial Sea (TTS),
typically from May 15th through July 15" (Texas Parks and Wildlife Department, 2002).
In 1981, a coordinated effort to close both state and federal waters became know as the
“Texas Closure” (Gulf of Mexico Fishery Management Council, 1981). In 1985, the
Texas Legislature gave the Texas Parks and Wildlife Commission authority to study,
manage and regulate the shrimp fishery in Texas bays and the TTS within 16.7 km from
shore after development of a Texas Shrimp Fishery Management Plan (Cody et al.,
1989). That same year, the Texas Parks and Wildlife Department (TPWD) began
standardized bottom trawl sampling in the near-shore Gulf of Mexico, an effort that has
resulted in quantification of a number of commercially and recreationally important
species in addition to the targeted shrimp.

In this paper, we quantify catch and size-frequency distribution of young-of-the-year
red snapper collected during the TPWD bottom trawl survey in the TTS from 1985-2007.

We also compare red snapper catch and total length among sampling areas and months.
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Finally, we relate red snapper catch to depth, bottom-water temperature, salinity,

dissolved oxygen and commercial shrimp fishing effort.

Methods

Sampling.—From 1985 through 2007, TPWD conducted bottom trawl surveys in the
TTS, extending from the beach out to 16.7 km and within 24.1 km on either side of
Sabine Pass, Bolivar Pass, Matagorda Pass, and Aransas Pass. A 48.2 km area
surrounding Brazos Santiago Pass and extending to the Texas-Mexico border was also
sampled. All samples were collected within NOAA Fisheries Service statistical zones
17-21 in water <40 m in depth (Figure 1).

Random sample locations were stratified by Gulf pass, and 16 samples month®
Lstratum™ were collected. Sample tows were conducted at 4.8 km/h for 10 min parallel to
the depth curve using otter trawls 5.7-m wide at the headrope and 7-m wide at the
footrope, with 38-mm stretched nylon multifilament mesh throughout. Salinity,
temperature, and dissolved oxygen were measured 0.3 m above the bottom for each trawl
using Y'SI hand-held multiparameter instruments (Yellow Springs Instruments, Inc.,
Yellow Springs, Ohio; accuracy 0.1 °C, 0.1 ppt, 0.1 mg/L, respectively). All fish were
measured to the nearest millimeter total length (TL).

Analyses.—Catch-per-unit-effort (CPUE, red snapper catch/h), and size-frequency
distributions were determined coastwide, annually, monthly and by Gulf area. We fitted a
seasonal autoregressive time series regression model to the monthly mean coastwide
trawl data to test the relationship between CPUE, oceanographic variables (bottom-water
temperature, salinity, and dissolved oxygen), and depth. Also, the relationship between
annual mean CPUE and annual commercial shrimping effort in the TTS, expressed as
days fished, by statistical zone (provided by NOAA Fisheries, Galveston, Texas), was

determined using nonlinear regression. Significance was determined at o = 0.05.
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Results

From 1985 through 2007, 7,688 red snapper were collected with a mean TL of 90 mm
+ 0.31 SE, and ranging in size from 18—412 mm TL (Figure 2). Seventeen red snapper
were >200 mm; these were assumed to be age-1 and were excluded from the analyses.
All fish <200 mm TL were designated as young-of-the-year, although there may be some
overlap with age-1 fish (Bradley and Bryan, 1975; Goodyear, 1995).

Of all young-of-the-year red snapper collected along the Texas coast, <1% were from
the Sabine Pass and Bolivar Pass areas (Table 1). The largest proportion, 83.6%, came
from the southern Texas coast, including the Aransas Pass and Brazos Santiago Pass
areas (NOAA Fisheries Service statistical zones 20-21). The middle Texas coast at
Matagorda Pass (NOAA Fisheries Service statistical zone 19) accounted for the
remaining 16.0% of young-of-the-year.

Annual coastwide CPUE was variable with a generally-increasing trend (Figure 3).
Coastwide mean CPUE was 2.1/h. Lowest mean CPUE values occurred from 1986 —
1988 (0.05/h), with peak CPUE in 2006 (8.0/h). Sampling in 1985 began in September,
therefore CPUE is higher than would be expected if the entire year were sampled.

Annual CPUE trends were dominated by high CPUE near the Aransas Pass and
Brazos Santiago Pass areas (Figure 4). The peak annual CPUE of 22/h occurred near
Aransas Pass in 2006 and near Brazos Santiago Pass in 2004. In most years, the CPUE
values in all five Gulf areas changed in a similar way. Exceptions included relatively high
CPUEs near most middle and southern Gulf pass areas observed in 1989, 1995, and 2004,
and low CPUEs near all areas except Aransas Pass in 1991 (9/h) and 2000 (13/h). In
2006, both Matagorda Pass and Aransas Pass areas had relatively high annual CPUEs
(14/h and 22/h, respectively), while the Brazos Santiago Pass area CPUE remained
relatively low.

July through November accounted for 90% of total catch. Monthly CPUEs were
lowest from January through April. They increased from May through August, peaked in
September (8.1/h), and decreased through December (Figure 5). The peak monthly CPUE
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occurred in September in Matagorda Pass and Aransas Pass and in October in Brazos
Santiago Pass.

From January — March, numbers of young-of-the-year were too low to show a clear
trend in mean total length (n=53) in the Brazos Santiago Pass area (Figure 6). From April
through July, mean total length increased from 90 — 132 mm, and beginning in July, as
numbers of young-of-the-year increased, a second group of smaller young-of-the-year
began to appear in samples. A bimodal distribution continued from July through
September, with the larger-sized mode gradually disappearing from samples. Mean total
length remained relatively stable from September through December, increasing from 92
— 94 mm through November, and decreasing slightly in December to 88 mm. A similar
trend occurred in the Aransas Pass area with low numbers of young-of-the-year present
from December through April (n=19). From May through June, mean total length
increased from 108 — 115 mm, and also beginning in July the second group of young-of-
the-year began to appear in samples. The bimodal distribution continued through July,
and from August through October mean total length increased from 82 — 93 mm,
decreasing to 87 mm in November. In the Matagorda Pass area, low numbers of young-
of-the-year were present from December through June (n=34). Small young-of-the-year
began to appear in samples in July, and from July through October mean total length

increased from 54 — 86 mm.

Oceanographic data

Mean bottom-water temperature (Figure 7A) ranged from 12.9°C in January near
Sabine Pass to 29.8°C in August near Bolivar Pass. Highest temperatures occurred in
August at Sabine Pass and Bolivar Pass and in September at Matagorda Pass, Aransas
Pass, and Brazos Santiago Pass. Lowest temperatures for all areas occurred in January
and February.

Mean bottom-salinity (Figure 7B) ranged from 22.9 ppt in May near Sabine Pass to
35.7 ppt in August near Brazos Santiago Pass. Salinity increased consistently from north
to south along the coast, peaking in August for all areas and reaching minimum values in
March near Brazos Santiago Pass, April near Aransas Pass, and in May near Sabine Pass,

Bolivar Pass and Matagorda Pass.
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Mean bottom-dissolved oxygen (Figure 7C) ranged from 5 mg/L in June to 9 mg/L in
February near Bolivar Pass. Highest dissolved oxygen values for all areas occurred
during the coldest months of January and February. Lowest values occurred in June for
all areas except near Brazos Santiago Pass, where lowest dissolved oxygen values
occurred in September.

Results of the time series regression indicate red snapper CPUE follows a second-
order seasonal autoregressive process. The autoregressive parameters at lags 1 and 2
(months) were both significant, as was the seasonal (12 month) lag, indicating CPUE is
dependent upon CPUE from the previous two months and that the same pattern recurs at
the same time each year (Table 2). The residuals were uncorrelated, indicating that serial
correlation had been adequately accounted for in the model. The data were stationary
and no differencing was indicated by the Dickey-Fuller test (Dickey et al., 1984).

Of the three oceanographic regressors tested, only water temperature had a significant
effect on CPUE. Water temperature was positively related to CPUE, indicating months
with warmer than normal water temperatures tend to have higher red snapper CPUE than
months with cooler temperatures. Figure 8 indicates that CPUE increases with water
temperature, peaking around 30°C and then rapidly declining. Salinity and dissolved
oxygen were not significantly correlated with CPUE.

Coastwide sampling depth ranged from 1.2 to 40 m with mean values increasing from
north to south (7.6 — 18.6 m) reflecting the deepening and narrowing of the continental
shelf. Catch rates for young-of-the-year red snapper were highest at depths of
approximately 10 — 30 m.

Shrimp effort

Shrimp effort varied but generally increased from 1985-1995 (Figure 9). Peak effort
in 1997 coincided with very low young-of-the-year red snapper CPUEs. Since 1997,
shrimp effort has declined steadily, concurrent with increasing red snapper CPUE. When
pooled over the entire time series, red snapper CPUE decreased exponentially with
increased shrimp effort (CPUE = 41.64 - Shrimp effort'0'36; F=26.97, P<0.0001, R’=
0.385) (Figure 10). While low shrimp effort did not always co-occur with high young-of-
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the-year CPUE, increased shrimp effort was almost always concurrent with low young-

of-the-year CPUE.

Discussion
Catch

Differences in young-of-the-year red snapper abundance from the northern to
southern Texas coast within the TTS may result from shallower depths along the northern
coast compared to the southern coast. The continental shelf extends from the shoreline
out to about 200 m depth, varying in width from 177 km off the Sabine River mouth at
the northern end of the Texas coast, to 64.4 km off of the Rio Grande mouth at the
southern end of the Texas coast (Lynch, 1954). Due to the narrower continental shelf
along the southern Texas coast, the outer edge of the TTS is in closer proximity to deeper
waters of the outer shelf, where red snapper larvae are more abundant (Lyczkowski-
Shultz and Hanisko, 2007). Along the wider, northern Texas outer continental shelf,
SEAMAP sampling in October - December 2002 (Rester et al., 2008) collected young-of-
the-year red snapper when none were collected by TPWD sampling during the same
period in the shallower TTS. Gutherz and Pellegrin (1988) noted that the greatest
abundance of juvenile red snapper in resource assessment and commercial bycatch in the
Gulf of Mexico from 1972 — 1981 were collected in the inshore 20-40 m depth range,
primarily along the southern Texas coast in NOAA Fisheries Service statistical zones 19 -
21.

Peak red snapper catches in the present study were found from August — October
(Figure 6). Samples collected by the NOAA Fisheries Service since 1985, during the fall
groundfish survey (October — November) and summer SEAMAP surveys (June — July) in
the TTS and Exclusive Economic Zone (EEZ), exclude the two high-abundance young-
of-the-year red snapper months of August and September (Rester et al., 2007).

Relative young-of-the-year year-class strength was variable over the time period of
this study (Figure 3). Strong year-classes were observed in 1989, 1995 and 2002-2004 for
the Matagorda, Aransas, and Brazos Santiago Pass areas, and Aransas Pass had strong
year classes in 1991, 2000, and 2006. Allman and Fitzhugh (2007) also observed the

strong year-classes in 1989 and 1995, based on age progressions in the commercial and
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recreational landings from 1991 - 2002. Based on larval abundances in the western Gulf
of Mexico, strong year-classes were not indicated in 1989 but were suggested in 1995,
2000, and 2003 (Hansiko et al., 2006). This geographic variability in year-class strength,
particularly between the upper and lower Texas coast, indicates that recruitment
processes influencing year-class strength may affect even relatively small areas of the
Gulf of Mexico, but are often evident among multiple life history stages.

Two periods of low CPUEs, beginning in 1986 and 1996, co-occurred with coastwide
red tide (toxic dinoflagellate, Karenia brevis) events along the Texas coast in September
and October 1986 (Buskey et al., 1996), and in mid-September 1996 (Walsh et al., 2006).
Current theory suggests that such blooms may originate offshore, where larval red
snapper occur, before the bloom is transported into near shore coastal waters (Buskey et
al., 1996; Tester and Steidinger, 1997; Villareal et al., 2001; Walsh et al., 2006). K. brevis
has been shown to be present at greater concentrations in areas <50 m in depth than in
deeper, offshore locations (Geesey and Tester, 1993). Although difficult to quantify
without concurrent data, red tide could have affected the viability of offshore larvae or
juveniles by direct toxicity or consumption of tainted prey, or may have affected adult
spawning behavior during that time period (Riley et al., 1989; Prince et al., 2006). These
periods of low CPUE lasted for several years after each coastwide red tide event, from

1986 through 1988 and 1996 through 1998 (Figure 3).

Oceanographic Factors

Water temperatures remained lower in the Brazos Santiago Pass area than anywhere
along the Texas coast from May through August (Figure 7A). This is due to seasonal up-
coast circulation and prevailing southeast winds, occurring from middle May to early
August, which generate corresponding upwelling of cooler offshore water (Zavala-
Hidalgo et al., 2003; Zavala-Hidalgo et al., 2006). Down-coast circulation resumes in
September and upwelling ceases. Water temperatures in the Aransas Pass and Brazos
Santiago Pass areas reach their maximum in September, with maximum temperatures at
Santiago Pass in October (Figure 7A), all coincident with highest young-of-the-year

CPUE:s. Along of the remainder of the Texas coast maximum surface water temperatures
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occur in July and August (Zavala-Hidalgo et al., 2006), with maximum bottom-water
temperatures occurring in August.

Our seasonal autoregressive time series regression analysis indicated that bottom
temperature was the only significant hydrologic variable tested, with warmer
temperatures associated with higher young-of-the-year red snapper catch. This
relationship suggests that young-of-the-year red snapper move closer inshore during
periods of warmer water temperatures such as those occurring in the Matagorda Pass and
Aransas Pass areas in August and September, and in the Brazos Santiago Pass area in
September and October.

In the Brazos Santiago Pass area, seasonal up-coast circulation from middle May to
early August may transport larvae northward from the outer continental shelf of Mexico
to Texas, with young-of-the-year moving inshore from the outer Texas shelf in response
to warmer water temperatures in September and October. A similar offshore-onshore
movement by juvenile red snapper in response to warmer water temperatures was
suggested by Bradley and Bryan (1975) in commercial shrimp data, and Gutherz and
Pellegrin (1988) in National Marine Fisheries Service bottom fish and SEAMAP survey
data.

Gallaway et al. (1999) defines environmental suitability indices for juvenile red
snapper based on NMFS fall groundfish and summer SEAMAP surveys, including
salinities of 34 — 35 ppt and dissolved oxygen levels of > 5 mg/L. Salinities along the
northern Texas coast (Sabine Pass and Bolivar Pass) are mostly below 30 ppt and could
be a factor in the low numbers of young-of-the-year red snapper collected (Figure 7B).
Although low dissolved oxygen levels were not recorded in this study, reduced numbers
of young-of-the-year red snapper along the northern Texas coast could be affected by
areas of hypoxic bottom-water with dissolved oxygen levels of 2 mg/L or less, such as
those recorded during the summers of 1993 — 1996 from Louisiana and as far as the west

end of Galveston Bay (Gallaway et al., 1999) and Matagorda Bay (DiMarco et al., 2008).

Life history
Based on examination of adult gonads, red snapper are reported to spawn from April

through October (Fitzhugh et al., 2004) or November (Bradley and Bryan, 1975) in areas
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all along the Texas outer continental shelf (Collins et al., 1980; Collins et al., 2001;
Lyczkowski-Shultz and Hanisko, 2007). Larvae have been collected on the outer
continental shelf beginning in May, reaching highest numbers in July and September, and
present through November (Hansiko et al., 2006; Lyczkowski-Shultz and Hanisko, 2007;
Lyczkowski-Shultz, NOAA Southeast Fisheries Science Center, National Marine
Fisheries Service, Mississippi Laboratories, Pascagoula, Mississippi, personal
communication). Rooker et al. (2004) predicted hatch dates along the northern Texas
coast from April — August, peaking in May — June.

Y oung-of-the-year red snapper in the present study were collected off of Matagorda
Pass from April through November; off Aransas Pass from April through December, and
off Brazos Santiago Pass throughout the year. An overall age — length relationship for
young-of-the-year 20 — 80 mm standard length and estimated post-settlement growth rate
of approximately 0.8 mm/d from the upper Texas coast (Rooker et al., 2004), suggests
that spawning probably begins in February along the northern and middle coast and
occurs throughout the year in the Brazos Santiago Pass area.

Long-shore currents vary over the course of the year. From middle August through
early May, long-shore currents run from north to south, and are primarily wind driven
and enhanced by Mississippi-Atchafalaya River discharge. From middle May to early
August, the current reverses and upcoast circulation occurs (Li et al., 1997; Zavala-
Hidalgo et al., 2003). Although no data on red snapper spawning in Mexico are currently
available, it is likely that red snapper spawn along all Gulf of Mexico outer continental
shelf areas, including Mexico. Larvae spawned on the Tamaulipas-Veracruz shelf and
carried onto the Texas continental shelf by seasonally variable long-shore currents could
contribute to juveniles collected in the Aransas Pass and Brazos Santiago Pass areas from

August through October.

Shrimp fishing effort

The commercial shrimp fishery has been shown to be a source of young-of-the-year
red snapper mortality through bycatch of small red snapper (Gutherz and Pellegrin, 1988;
Gallaway and Cole, 1999; Schirripa, 1999), although shrimp effort has been decreasing

since its peak in 1997 due to economic and fishery management factors. Rising operating
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expenses related to increased fuel prices, decreased market prices, competition from
farm-raised imports, and fleet overcapitalization, have resulted in the inability of many in
the commercial shrimp fleet to make a profit (Gillig et al., 2001).

However, the shrimp fishery is open from July — November, when 90% of young-of-
the-year red snapper were collected (Figure 5). The remainder of the year, from
December through mid-July, the shrimp fishery in the TTS is effectively closed over
most of the Texas coast to commercial shrimp trawls by seasonal area closures (Texas
Parks and Wildlife Department, 2008) and other measures designed to allow shrimp to
move from estuaries to the open Gulf and grow to a larger, more profitable size prior to
harvest.

Several investigators have reported that shrimp trawl bycatch combined with
commercial and recreational hook and line fishing have contributed to declines of red
snapper populations in the Gulf of Mexico. Gutherz and Pellegrin (1988) noted that 63%
of juvenile red snapper in Gulf of Mexico commercial bycatch from 1972 — 1981 were
collected along the Texas coast from September — November in NOAA Fisheries Service
statistical zones 19 - 21 . Gazey et al. (2008) observed that western Gulf of Mexico
shrimp trawl bycatch is dominated by young-of-the-year red snapper during September —
April. Bradley and Bryan (1975) noted that the combination of juvenile shrimp trawl
bycatch with commercial (and recreational) hook and line fishing caused declines in
commercial red snapper catches. Bycatch reduction devices (BRDs) were required in the
TTS shrimp fleet in 2001 to reduce bycatch of non-target animals such as young-of-the-
year red snapper (Texas Parks and Wildlife Department, 2002). Although beneficial,
many BRD designs have been shown to be less effective than anticipated in reducing red

snapper bycatch (Gallaway et al., 1998; Engaas et al., 1999; Gallaway and Cole, 1999).

Conclusions

The long-term increase in young-of-the-year red snapper concurrent with the decrease
in commercial shrimp effort implies a linkage through by-catch and implementation of
BRDs in the Gulf of Mexico. The TTS continental shelf is not uniform young-of-the-
year red snapper habitat, but distinctly different regions are apparent due to bathymetry

and oceanography. The southern TTS boundary with Mexico is open and has evidence of
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possible larval advection northward from Mexico and a unique annual temperature
pattern. Depending on settlement times, flux of eggs and larvae from the south may play

an important role in recruitment to the southern TTS.
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Table 1.— Count and proportion of young-of-the-year red snapper collected in the

Texas Territorial Sea in the TPWD bottom trawl survey from 1985-2007 partitioned by

Gulf area and NOAA Fisheries Service statistical zone.

Gulf area NEFS statistical area Count Percentage
Sabine Pass 17 1 0
Bolivar Pass 18 34 0.4
Matagorda Pass 19 1,227 16.0
Aransas Pass 20 3,360 43.8
Brazos Santiago Pass 21 3,049 39.8

Table 2.—Seasonal autoregressive time series regression model of monthly mean

coastwide TPWD bottom trawl survey data from 1985-2007, collected in the Texas

Territorial Sea, to test the relationship between young-of-the-year red snapper CPUE and

hydrologic variables. R* = 0.449. Asterisk indicates significance at p<0.05.

Variable Parameter t value P>t
Intercept -6.172 -094  0.349
Autoregressive lag 1 0.644 1031 <0.01*
Autoregressive lag 2 0.178 2.8 0.006*
Autoregressive lag 12 0.109 2.09 0.038*
Temperature 0.295 2.58 0.011*
Salinity 0.093 0.74 0.46
Dissolved oxygen -0.161 -0.4  0.686
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FIGURE CAPTIONS

Figure 1. —NOAA Fisheries Service statistical zones 17-21 and TPWD Gulf of
Mexico sampling areas (shaded rectangles) which extend from the beach out to 16.7 km
and within 24.1 km on either side of passes. At Brazos Santiago Pass, sampling occurred

in an area 48.2 km north from the Texas-Mexico border.

Figure 2. —Length-frequency distribution in 10 mm size classes of young-of-the-year
red snapper collected from 1985-2007 in the Texas Territorial Sea by the TPWD bottom

trawl survey. Red snapper >200 mm TL (n = 17) were excluded.

Figure 3.— Coastwide and by Gulf area annual mean (+ SE) catch/h, of young-of-
the-year red snapper collected from the Texas Territorial Sea in the TPWD bottom trawl

survey from 1985-2007.

Figure 4. — Annual mean catch/h, of young-of-the-year snapper collected in each
Gulf pass area in the Texas Territorial Sea during the TPWD bottom trawl survey from
1985 —2007. Sabine Pass (n = 1) and Bolivar Pass (n = 34) were excluded. Symbols:

Matagorda Pass (triangle), Aransas Pass (circle), and Brazos Santiago Pass (square).

Figure 5.— Coastwide monthly mean (+SE) catch/h of young-or-the-year red snapper
collected from the Texas Territorial Sea in the TPWD bottom trawl survey from 1985—

2007.

Figure 6.— Monthly mean TL (mm), by 10 mm size class, of young-or-the-year red
snapper collected in the Brazos Santiago Pass, Aransas Pass, and Matagorda Pass areas of

the Texas Territorial Sea in the TPWD bottom trawl survey from 1985-2007.

Figure 7.— Relationship between month, Gulf area and oceanographic variables (+
SE) for young-of-the-year red snapper collected from the Texas Territorial Sea in the

TPWD bottom trawl survey from 1985-2007. (A) Mean bottom-water temperature (°C);
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(B) Mean bottom-salinity (ppt); (C) Mean bottom-dissolved oxygen (mg/L). Symbols:
Sabine Pass (star), Bolivar Pass (diamond), Matagorda Pass (triangle), Aransas Pass

(circle), Brazos Santiago Pass (square).

Figure 8.— Relationship between coastwide mean catch/h and bottom-water
temperature (°C) for young-of-the-year red snapper collected from the Texas Territorial

Sea in the TPWD bottom trawl survey from 1985-2007.

Figure 9.— Coastwide annual mean catch/h (bar) of young-of-the-year red snapper
collected from the Texas Territorial Sea in the TPWD bottom trawl survey and shrimp
effort as days fished/1,000 (line) from 1985-2007. Shrimp effort data from the Texas
Territorial Sea were obtained from the NOAA Fisheries Service for statistical zones 18-

21.

Figure 10.— Coastwide mean catch/h of young-of-the-year red snapper collected
from the Texas Territorial Sea (TTS) in the TPWD bottom trawl survey versus mean
shrimp effort as days fished from 1985-2007, by statistical zone (CPUE = 41.64 - Shrimp
effort**%; F = 26.97, P<0.0001, R? = 0.385). Each point represents an annual value for
each statistical zone. Shrimp effort data from the Texas Territorial Sea were obtained
from the NOAA Fisheries Service, Galveston, Texas, for statistical zones 18-21 and were

not available for 2007.
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