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ABSTRACT 

Commercial shrimp trawl bycatch samples were collected in Sabine Lake, Galveston 
Bay, ~ a t a ~ o r d a  Bay, San Antonio Bay, Aransas Bay, Corpus Chnsti Bay and lower Laguna 
Madre to assess composition and magnitude of commercial bycatch along the Texas coast 
during the 1993, 1994, and 1995 spring and fall bay-shrimp open seasons. Major bycatch 
species found were gulf menhaden (Brevoortia patronus), Atlantic croaker (Micropogonias 
undulatus), bay anchovy (Anchoa mitchilli), spot (Leiostomus xanthurus), sand seatrout 
(Cynoscion arenunus), hardhead catfish (Anus felis), pinfish (Lagodon rhomboides), lesser 
blue crab (Callinectes sirnilis), blue crab (Callinectes sapidus), Atlantic brief squid 
(Lolliguncu2a brevis) and cabbagehead jellyfish (Stomolophus meleagris). Bycatch ratios 
and mean catch per unit effort (CPUE) differed in number and weight of bycatch species 
and commercial shrimp among bays, years, and seasons. Commercial total bycatch to 
shrimp ratios (X:1) in number and weight were higher overall during fall than during spring 
in all bays, except in Aransas Bay during 1994 and Galveston Bay during 1995. During the 
spring season, total bycatch ratios were highest in Corpus Christi Bay (2.32: 1 in 1993) and 
Aransas Bay (2.37: 1 in 1994), and lowest in lower Laguna Madre (0.36: 1 in 1993). During 
the fall season total bycatch ratios were highest in Matagorda Bay (4.251 in 1995) and 
lowest in Galveston Bay (0.77:l in 1995). Overall mean CPUE in number and weight for 
bycatch organisms was higher during spring than fall in all bays, except Sabine Lake in 
number (1994) and San Antonio Bay in weight (1994, 1995). Overall mean CPUE for 
bycatch in number during spring was highest in Corpus Christi Bay (5,248Mnet in 1993) 
and lowest in Sabine Lake (1,328Mnet in 1994). Overall spring mean CPUE in weight was 
highest in lower Laguna Madre (54,643 @net in 1993) and lowest in San Antonio Bay 
(34,522 g/h/net in 1994). Overall mean CPUE for bycatch in number during fall was 
highest in San Antonio Bay (3,675Mnet in 1995) and lowest in Matagorda Bay (969Mnet 
in 1995). Overall fall mean CPUE in weight was highest in San Antonio Bay (65,798 
@net in 1995) and lowest in Corpus Christi Bay (22,600 @net in 1995). 



INTRODUCTION 

Incidental catch of non-target organisms in the commercial shrimp fishery within 
Texas coastal waters and throughout the Gulf of Mexico is of concern to state and federal 
marine fisheries managers, environmental groups and commercial shrimpers. Shrimp 
(Falfantepemus, Litopenaeus) are the most important commercial seafood product in 
Texas, annually accounting for over 90% by value and 80% by weight of all Texas seafood 
landings (Auil-Marshalleck et al. 2002). Bycatch of non-target species in this fishery 
impacts fish and other marine organisms that 1) have present or potential commercial value; 
2) are recreational species managed or unmanaged by state and federal government; and 3) 
have ecological value to the preservation of biodiversity within Texas marine environments. 
These non-target marine organisms (bycatch) are returned to the water after commercial 
shrimp are removed from the trawl catch. This practice results in various levels of mortality 
due to handling and subsequent discard of bycatch organisms, and to subsequent predation 
when returned to the water. There is little in-depth information on the composition and 
quantity of bycatch associated with the commercial bay shrimp fishery in Texas. 

During 1992 the National Marine Fisheries Service (NMFS) conducted research to 
assess commercial shrimp trawl bycatch in Galveston Bay under the auspices of the 
Galveston Bay National Estuary Program (Martinez and Nance 1993). Prior to the present 
study, Galveston Bay was the only Texas bay in which a major shrimp fishery bycatch 
characterization study had been conducted. To obtain knowledge about shrimp trawl 
bycatch in other Texas coastal areas, the present study's overall objective was to assess the 
magnitude of shrimp trawl bycatch in major Texas coastal bays during the spring and fall 
Texas commercial bay-shrimp open seasons. Specific objectives were to 1) determine 
commercial shrimp to bycatch ratios (X:l) in number and weight for total bycatch, finfish 
and invertebrates (other than commercial shrimp) during the 1993, 1994 and 1995 spring 
and fall bay shrimp seasons; and 2) determine catch per unit effort (CPUE, noJh and kg/h) 
and size composition (mm) of commercial shrimp and non-target bycatch species caught in 
commercial bay shrimp trawls. 

MATERIALS AND METHODS 

The study was conducted from 1993 to 1995 aboard commercial bay licensed 
shrimp vessels in Sabine Lake (1994), Galveston Bay (1995), Matagorda Bay (1994 and 
1995), San Antonio Bay (1994 and 1995), Aransas Bay (1993 and 1994), and Corpus Christi 
Bay (1993 and 1995) (Figure 1). Sampling in these bays was exclusive of bait shrirnping , 
only areas and nursery areas. Samples in lower Laguna Madre (1993) were collected aboard 
commercial bait licensed vessels; law permits only bait-licensed vessels to shrimp in lower 
LagunaMadre. Sampling periods corresponded with the commercial bay license spring (15 
May - 15 July) brown shrimp, and fall (15 August - 15 December) white shrimp seasons. 
To address temporal changes in populations of shrimp and bycatch organisms, goals were to 
collect 3-5 bycatch samples each ten days within each season, each area, and each year on a 
randomly preselected day. Due to weather or other fishery-related constraints, a leeway of 
2-3 days around a preselected day was permitted as long as samples were collected w i t h  



the specific 10-day period. Prior to collecting commercial bycatch data, Texas Parks and 
Wildlife Department (TPWD) staff held meetings during April and May of each year with 
commercial shrimp fishermen along the Texas coast to explain project objectives and to 
obtain their assistance in collection of data. 

Field Sample Procedures 

The one stipulation made to commercial shrimpers by TPWD personnel collecting 
shrimp bycatch samples was that captains use normal trawling procedures on days and in 
areas in which they believed it worthwhile to shrimp. A bycatch characterization sample 
from a commercial vessel consisted of an 11.3 kg random subsample of the total 
commercial trawl haul including both commercial shrimp and bycatch organisms. For trawl 
catches < 11.3 kg, the entire catch was the sample. In all study areas except lower Laguna 
Madre, samples in total were placed on ice and taken to TPWD offices for processing. 
Weight of the total catch was obtained by 1) weighing the net and catch befbre the net 
was emptied, then 2) weighing the empty net again after the catch was released from the 
net onto the vessel's deck or into a culling box. Weights of large debris (tree stumps, 
barrels etc.) were subtracted from total catch weights. Field bycatch weights were 
obtained using a "First-Mate" (Hydroscale, Inc.) electronic scale (0.5-900 kg capacity). 
Additional information recorded included trawl size (headrope length), mesh size, door size, 
area trawled, trawling time, information on additional gear used (TEDs or BRDs), and 
hydrographic data 

In lower Laguna Madre, total catch weight was obtained in the same manner as in 
all other bays; however, all shrimp were taken out of the catch and weighed en masse due 
to the high value of live bait shrimp. A subsample of about one liter was obtained to 
process at TPWD offices to determine size and weight of species in the total sample. The 
remaining bycatch was either processed in total, or a subsample of 11.3 kg was obtained for 
processing. If a subsample was collected, the remaining bycatch was weighed. 

TPW Laboratory Procedures 

Samples were sorted by species, enumerated, and weighed to the nearest gram (total 
of a single species). From each sample, up to 19 individuals of each species were measured 
(TL mm); with the exception that up to 35 blue crabs and 50 commercial shrimp were 
measured in each sample 

Data Compilation 

CPUE in number and weight were standardized according to tow duration Q and 
net size. All data are presented in numberh and weightlh. During spring, CPUE was 
standardized to a 9.8 m trawl; this is the most common size net used due to gear size 
regulations. During fall in all bays except lower Laguna Madre, CPUE was standardized to 
a 16.5 m trawl; this was the average size net used. In lower Laguna Madre, fall data were 
standardized to a 9.8 m trawl; this is the most common size net used in the bait fishery due 
to bait shrimp license gear size regulations. Species-specific length data were averaged by 
sample and weighted by sample CPUE for season mean lengths. 



Data were compiled and stored on computer. SAS procedures (SAS Institute Inc. 
2000) were used for all statistical compilations and calculations. Because the actual 
number of commercial bycatch samples collected within a 10-day period ranged from 1 
to 7 samples, commercial bycatch data were averaged by 10-day periods within a season 
for presentation to prevent temporal bias in CPUE and mean size of organisms. Bycatch 
to shrimp ratios (X: 1) are presented by area and season. 

Appendix 1 lists common and corresponding scientific names of species caught 
and identified. 

RESULTS 

Overall, 222 bycatch samples were collected in spring and 419 samples in fall (Table 
1). Number of seasonal samples collected ranges from seven in Sabine Lake (spring 1994) 
to 57 in lower Laguna Madre (fall 1993). Although attempts were made to collect 
commercial bycatch samples in each 10-day period within each area and season, in some 
bays and years there was little to no shrimping activity during portions of November and 
December. Thus, occasionally no samples were collected during some of these penods. 
Few samples were collected in Sabine Lake in spring because of limited shrimping activity 
in some sample periods. 

Commercial total bycatch to shrimp ratios in number and weight were higher overall 
during fall than during spring in all study areas, except Aransas Bay in 1994 and Galveston 
Bay in 1995 (Table 2). High and low finfish to shrimp ratios, and other invertebrates to 
shrimp ratios, generally followed the same pattern as total bycatch to shrimp ratios. Finfish 
to shrimp ratios exceeded those of other invertebrates to shrimp ratios. 

Spring bycatch to shrimp ratios ranged from 0.361 in number and 1.51: 1 in weight 
in lower Laguna Madre during 1993, to 2.37:l in number in Aransas Bay during 1994 and 
6.82:l in weight in Corpus Christi Bay during 1993 (Table 1). Fall bycatch to shrimp ratios 
ranged from 0.77: 1 in number and 1.88:l in weight in Galveston Bay during 1995, to 4.251 
in number and 11.78:l in weight in Matagorda Bay during 1995. Overall, commercial bait 
shrimpers in lower Laguna Madre caught a greater proportion of shrimp and less bycatch 
than did commercial bay shrimpers along the rest of the coast. 

Sabine Lake: 1994 

In Sabine Lake, 30 bycatch species were collected in spring, with four species 
[hardhead catfish (Anus felis), sand seatrout (Cynosci0.n arenanus), Atlantic croaker 
(Micropogonias undu1a.m) and harvestfish (Peprilus alepidotus)] comprising 69% of the 
mean CPUE by number and 71% of the mean CPUE by weight (Table 2). Brown shrimp 
(Fa$antepenaeus aztecus) comprised 51% and white shrimp (Litopemeus setifens) 12% of 
the total mean catch by number. Overall mean CPUE for bycatch organisms during spring 
was 1,328Mnet by number and 43.398 kg/h/net by weight. 
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A total of 57 species were collected during fall, with four species [sand seatrout, star drum 
(Stellifer lanceolatus), Atlantic croaker and blue crab (Callinectes sapidus)] comprising 
84% of the mean CPUE by number and 69% of the mean CPUE by weight (Table 3). 
White shrimp comprised 57% and brown shrimp 2% of the total mean catch by number. 
Overall mean CPUE for bycatch organisms during fall was 3,326Mnet by number and 
48.1 13 kg/h/net by weight. 

Galveston Bay: 1995 

In Galveston Bay, 49 species were identified during spring, with five species 
[Atlantic croaker, sand seatrout, seabob (Xiphopenaeus kroyeri), Gulf menhaden 
(Brevoortia patronus) and blue crab] comprising 72% of the mean CPUE by number and 
74% of the mean CPUE by weight (Table 4). Brown shrimp comprised 66% and white 
shrimp 1% of the total mean catch by number. Overall mean CPUE for bycatch organisms 
during spring was 3,310Mnet by number and 40.392 kg/h/net by weight. 

A total of 60 species were identified during fall, with 13 species [sand seatrout, Atlantic 
cutlassfish (Trichiurus leptuw), blue crab, Atlantic croaker, bay whiff (Citharichthys 
spiloptems), roughback shrimp (Trachypenueus similis), mantis shrimp (Squilla empusa), 
bay anchovy (Anchoa mitchilli), iridescent swimming crab (Portunus gibbesii), hardhead 
catfish, Atlantic brief squid (Lolliguncula brevis), bighead sea robin (Priomtus tribulus) and 
Gulf menhaden] comprising 71% of the mean CPUE by number and 52% of the mean 
CPUE by weight (Table 5). White shrimp comprised 63% and brown shrimp 4% of the 
total mean catch by number. Overall mean CPUE for bycatch organisms in fall was 
1,552/h/net by number and 32.01 1 kglhlnet by weight. 

Matagorda Bay: 1 994 

In Matagorda Bay, 54 bycatch species were identified during spring, with four 
species (Atlantic croaker, sand seatrout, bay anchovy and blue crab) comprising 71% of the 
mean CPUE by number and 55% of the mean CPUE by weight (Table 6). Brown shrimp 
comprised 58% of the total mean catch by number. Overall mean CPUE for bycatch 
organisms during spring was 2,806/h/net by number and 45.984 kglhlnet by weight. 

A total of 69 species were collected in fall, with six species [Gulf menhaden, bay 
anchovy, cabbagehead (Stomolophus mleagris), sand seatrout, least puffer (Sphoeroides 
parvus) and silver perch (Bairdiella chrysoura)] comprising 70% of the mean CPUE by 
number and 71% of the mean CPUE by weight (Table 7). White shrimp comprised 54% 
and brown shrimp 2% of the total mean catch by number. Overall mean CPUE for bycatch 
organisms during fall was 1,267Mnet by number and 25.507 kg/h/net by weight. 

Matagorda Bay: 1995 

During spring 1995, 53 ,bycatch species were collected, with four species (Gulf 
menhaden, Atlantic croaker, sand seatrout and bay anchovy) comprising 77% of the mean 
CPUE by number and 68% of the mean CPUE by weight (Table 8). Brown shrimp 
comprised 54% and white shrimp 2% of the total mean catch by number. Overall mean 



CPUE for bycatch organisms during spring was 3,662Mnet by number and 40.937 kg/h/net 
by weight. 

A total of 75 species were collected during fall, with 10 species [Gulf menhaden, 
sand seatrout, Atlantic brief squid, blue crab, cabbagehead, mantis shrimp, Atlantic bumper 
(Chloroscombrus chrysunrs), peppemint shrimp ( L y s m  wurdemanni), bay anchovy and 
Atlantic croaker] comprising 71% of the mean CPUE by number and 77% of the mean 
CPUE by weight (Table 9). White shrimp comprised 46%, brown shrimp 18%, and pink 
shrimp (Faf~ntepenaeus duorarurn) 8% of the total mean catch by number. Overall mean 
CPUE for bycatch organisms in fall was 969/h/net by number and 23.365 kg/h/net by 
weight. 

San Antonio Bay: 1994 

In San Antonio Bay, 53 bycatch species were identified during spring, with four 
species [Gulf menhaden, bay anchovy, Atlantic croaker and spot croaker (Leiostomus 
xanthums)] comprising 83% of the mean CPUE by number and 71% of the mean CPUE by 
weight (Table 10). Brown shrimp comprised 57% and white shrimp 2% of the total mean 
catch by number. Overall mean CPUE for bycatch organisms during spring was 3,248Mnet 
by number and 34.522 kg/h/net by weight. 

A total of 63 species were documented in fall, with four species (Gulf menhaden, 
hardhead catfish, bay anchovy and spot croaker) comprising 74% of the mean CPUE by 
number and 46% of the mean CPUE by weight (Table 11). White shrimp comprised 44%, 
brown shrimp 8% and pink shrimp 4% of the total mean catch by number. Overall mean 
CPUE for bycatch organisms during fall was 2,282Wnet by number and 34.705 kg/h/net by 
weight. 

San Antonio Bay: 1995 

During spring 1995, 54 bycatch species were identified, with five species (spot 
croaker, Atlantic croaker, Gulf menhaden, bay anchovy and Atlantic brief squid) comprising 
75% of the mean CPUE by number and 68% of the mean CPUE by weight (Table 12). 
Brown shrimp comprised 64% and white shrimp 1% of the total mean catch by number. 
Overall mean CPUE for bycatch organisms in spring was 4,lOlMnet by number and 52.715 
kg/h/net by weight. 

A total of 49 species were collected dMng fall, with four species [Gulf menhaden, 
spot croaker, hardhead catfish and sea nettle (Chrysaora quinquecirrha)] comprising 75% of 
the mean CPUE by number and 60% of the mean CPUE by weight (Table 13). White 
shrimp comprised 43% and brown shrimp 6% of the total mean catch by number. Overall 
mean CPUE for bycatch organisms during fall was 3,675Ihlnet by number and 65.798 
kg/h/net by weight. 



Aransas Bay: 1993 

In Aransas Bay, 42 species were identified during spring, with four species (Gulf 
menhaden, spot croaker, Atlantic croaker and blue crab) comprising 87% of the mean CPUE 
by number and 89% of the mean CPUE by weight (Table 14). Brown shrimp comprised 
44% of the total mean catch by number. Overall mean CPUE for bycatch organisms in 
spring was 5,089/h/net by number and 46.559 kg/h/net by weight. 

A total of 72 species were collected during fall, with four species [Gulf menhaden, 
pinfish (Lagodon rhomboides), bay anchovy and spot croaker] comprising 75% of the mean 
CPUE by number and 65% of the mean CPUE by weight (Table 15). Brown shnrnp and 
white shrimp each comprised 15%, and pink shrimp 13% of the total mean catch by number. 
Overall mean CPUE for bycatch organisms in fall was 2,421Mnet by number and 32.613 
kg/h/net by weight. 

Aransas Bay: 1994 

During spring 1994, 64 bycatch species were identified, with six species (spot 
croaker, A.tlantic croaker, bay anchovy, Gulf menhaden, Atlantic brief squid and blue crab) 
comprising 78% of the mean CPUE by number and 76% of the mean CPLE by weight 
(Table 16). Brown shrimp comprised 51% of the total mean catch by number. Overall 
mean CPUE for bycatch organisms in spring was 3,711Mnet by number and 53.898 
kg/h/net by weight. 

A total of 86 species were collected during fall, with nine species [Gulf menhaden, 
lesser blue crab (Callinectes similis), least puffer, bay anchovy, hardhead catfish, Atlantic 
brief squid, mantis shrimp, roughback shrimp and spot croaker] comprising 76% of the 
mean CPUE by number and 41% of the mean CPUE by weight (Table 17). White shrimp 
comprised 18%, and brown shrimp and pink shrimp each comprised 13% of the total mean 
catch by number. Overall mean CPUE for bycatch organisms in fall was 1,600Mnet by 
number and 30.197 kg/h/net by weight. 

Corpus Christi Bay: 1993 

In Corpus Christi Bay, 69 species were collected during spring, with five species 
(sand seatrout, lesser blue crab, spot croaker, bay anchovy and Atlantic croaker) comprising 
80% of the mean CPUE by number and 66% of the mean CPUE by weight (Table 18). 
Brown shrimp comprised 49% of the total mean catch by number. Overall mean CPUE for 
bycatch organisms in spring was 5,248lhlnet by number and 51.865 kg/h/net by weight. 

A total of 71 bycatch species were collected during fall, with seven species [Gulf 
menhaden, roughback shrimp, lesser blue crab, star drum, bay anchovy, sand seatrout and 
blackcheek tonguefish (Symphums plagiusa)] comprising 70% of the mean CPUE by 
number and 50% of the mean CPUE by weight (Table 19). White shrimp comprised 4096, 
brown shrimp 6% and pink shrimp 1% of the total mean catch by number. Overall mean 



CPUE for bycatch organisms during fall was 1,729Wnet by number and 25.828 kg/h/net by 
weight. 

Corpus Christi Bay: 1995 

During spring 1995,80 bycatch species were identified, with seven species (Atlantic 
croaker, sand seatrout, lesser blue crab, spot croaker, star drum, hardhead catfish and 
Atlantic brief squid) comprising 70% of the mean CPUE by number and 65% of the mean 
CPUE by weight (Table 20). Brown shrimp comprised 61% and white shrimp 2% of the 
total mean catch by number. Overall mean CPUE for bycatch organisms in spring was 
2,316Wnet by number and 37.074 kg/h/net by weight. 

A total of 71 bycatch species were collected during fall, with nine species (lesser 
blue crab, sand seatrout, bay anchovy, Atlantic croaker, roughback shrimp, least puffer, 
Atlantic cutlassfish, hardhead catfish and Atlantic brief squid) comprising 70% of the mean 
CPUE by number and 31% of the mean CPUE by weight (Table 21). Brown shrimp 
comprised 21%, white shrimp 20%, and pink shrimp 11% of the total mean catch by 
number. Overall mean CPUE for bycatch organisms in during fall was 1,038Wnet by 
number and 22.600 kg/h/net by weight. 

Lower Laguna Madre: 1993 

In lower Laguna Madre, 83 bycatch species were collected in spring, with six 
species (lesser blue crab, Atlantic croaker, spot croaker, sand seatrout, bay anchovy and 
Atlantic cutlassfish) comprising 75% of the mean CPUE by number and 51% of the mean 
CPUE by weight (Table 22). Brown shrimp comprised 83%, pink shrimp 2%, and white 
shrimp 1% of the total mean catch by number. Overall mean CPUE for bycatch organisms 
in spring was 2,966Ihfnet by number and 54.643 kg/h/net by weight. 

A total of 110 bycatch species were collected during fall, with seven species [sand 
seatrout, lesser blue crab, spotfin mojarra (Eucinostomus argenteus), hardhead catfish, 
Atlantic cutlassfish, Atlantic brief squid and spot croaker] comprising 71% of the mean 
CPUE by number and 57% of the mean CPUE by weight (Table 23). Brown shrimp 
comprised 30%, white shrimp 21% and pink shrimp 21% of the total mean catch by 
number. Overall mean CPUE for bycatch organisms in fall was 1,597Wnet by number and 
27.775 kg/h/net by weight. 

Overall CPUE among Bays and Seasons 

Total bycatch organisms encountered by commercial trawling varied among bays, 
seasons and years with some of the highest abundance levels occurring on the central Texas 
coast. Overall mean CPUE in number ranged from 969/h/net in Matagorda Bay (fall 1995) 
to 5,248Ihlnet in Corpus Christi Bay (spring 1993)(Figure 2). Overall mean CPUE in 
weight ranged from 22.600 kg/h/net in Corpus Christi Bay (fall 1995) to 65.978 kg/h/net in 
San Antonio Bay (fall 1995)(Figure 3). Mean CPUE in number and weight was higher 
during spring than fall in all bays, except Sabine Lake in number (1994) and San Antonio 
Bay in weight (1994,1995). Mean CPUE for bycatch in number during spring was highest 



in Corpus Christi Bay (1993) and lowest in Sabine Lake (1994). Spring mean CPUE in 
weight was highest in lower Laguna Madre (1993) and lowest in San Antonio Bay (1994). 
Mean CPUE for bycatch in number during fall was highest in San Antonio Bay (1995) and 
lowest in Matagorda Bay (1995). Fall mean CPUE in weight was highest in San Antonio 
Bay (1995) and lowest in Corpus Christi Bay (1995). 

Overall Dominant Bycatch Species 

Gulf menhaden was the dominant bycatch species caught, with the highest CPLE 
in number in 10 of 22 bay/seasons sampled; CPUE was greatest in Aransas Bay during 
spring 1993. Atlantic croaker, bay anchovy, spot, and sand seatrout were commonly 
found among the top four most abundant species in baylseasons sampled. 

Dominant Bycatch Species among Bays, Seasons and Years in Number 

Gulf menhaden was the dominant bycatch species in most bays, seasons, and 
years; however, abundance was lower in both Sabine Lake and lower Laguna Madre than 
all other bays. Atlantic croaker and spot croaker were highly abundant in most bays and 
years, but were much more abundant in spring than fall seasons. Sand seatrout were 
highly abundant in both spring and fall of each year throughout the coast; however, 
numbers were somewhat lower in both San Antonio and Aransas Bays compared to all 
other bays. Bay anchovy were most abundant on the central coast from Matagorda Bay 
south to Corpus Christi Bay. 

Size Distribution of Bycatch Organisms 

In general, size of bycatch organisms caught was smaller during spring than fall, 
except for hardhead catfish. Gulf menhaden were overall largest in Sabine Lake (164 mm 
TL; fall) and Corpus Christi Bay (148 mm TL, fall), and smallest in San Antonio Bay (85 
mm TL, fall). There was little spatial variation in size for sand seatrout, Atlantic croaker, or 
spot croaker. Blue crabs were largest in Corpus Christi Bay k d  lower Laguna Madre and 
smallest in Sabine Lake and San Antonio Bay. 

Bycatch of TPWD-Managed Recreational Species 

Southern flounder was the most abundant recreational species found during this 
study in most bays and seasons. The CPUE in number was generally less than 0.2% of the 
total bycatch. Southern flounder CPUE was highest in Sabine Lake at 25.66h (fall 1994) 
and lowest in Corpus Christi Bay at O/h (fall 1993,1995). Except for Sabine Lake, southern 
flounder CPUE was consistently greater in spring than fall. Mean length of southern 
flounder was greatest in Matagorda Bay at 283.93 rnrn TL (fall 1994) and smallest in 
Galveston Bay at 150.58 mm TL (spring 1995). Spotted seatrout catches ranged from O h  in 
several areas to 8.871h in Sabine Lake (fall 1994). Spotted seatrout CPUE was consistently 
higher in fall than spring. Mean length of spotted seatrout was greatest in San Antonio Bay 
at 264.67 mm TL (spring 1995) and least in Aransas Bay at 137.54 mrn TL (fall 1993). 
Only ten red drum (Sciaenops ocellatus) were caught throughout the study period. Other 
recreationally important species caught in low numbers included red drum, sheepshead 



(Archosargus probatocephalus), spanish mackerel (Scomberomorus rnaculatus), and king 
mackerel (Scomberomorus cavalla). 

DISCUSSION 

Findings within this report demonstrate variability in species composition and 
abundance among bays, years and seasons. This variability directly affects bycatch to 
shrimp ratios. Results reveal that overall, bycatch of finfish (number and biomass) is 
greater than that of other invertebrates, and is greatest during spring. Overall, Gulf 
menhaden, Atlantic croaker, sand seatrout and spot croaker were species impacted most 
by the Texas commercial bay shrimp fishery. Although CPUE of recreationally 
important species such as southern flounder, spotted seatrout, and red drum were 
relatively low, southern flounder was encountered in shrimp bycatch most often. 

Based on catch per unit effort bycatch information within this report and NMFS 
inshore shrimping effort data (1993-1995), approximately 1 billion bycatch organisms are 
caught annually during the spring brown shrimp season by commercial bay shrimpers, 
and 0.4 billion during the fall white shrimp season. These estimates do not include 
additional bycatch encountered while bait shrimping, or during months not characterized 
by this study. Using 1993-1995 average annual bay landings (Auil-Marshalleck et al. 
2002) and shrimp to bycatch ratios from this report, approximately 2 billion bycatch 
organisms are caught annually by commercial bay shrimpers. 

Although exact estimates of survival of bycatch organisms encountered by 
commercial bay shrimp fishermen during open seasons is not known, bycatch mortality 
from shrimping activities can only be a negative factor in overall production of organisms 
encountered in the fishery. Following exposure to 70 o/oo salinity, similar to that found 
in shrimp vessel salt boxes, bycatch organisms had a 50% mortality rate (I&,)) ranging 
from 19 minutes exposure time for Atlantic croaker to 67 minutes for blue crabs (Colura 
and Bumguardner, 19%). Anecdotal statements and observations suggest survival for 
most finfishes and invertebrates encountered during shrimping may be low. Combined 
factors of speed and duration of trawling, quantity of catch, air and water temperature, 
and time before organisms are returned to the water after processing contribute to overall 
mortality. In view of this, it is imperative that fishery managers, in cooperation with the 
bay shrimping industry, develop methods to reduce bycatch organisms caught in shrimp 
trawls. 

At present, shrimp trawl bycatch reduction devices (BRDs) are required in Gulf of 
Mexico, Florida, and Texas waters to reduce bycatch of specific organisms (Florida 
Statutes 1998, Gulf of Mexico Fishery Management Council 1995, Texas Parks and 
Wildlife Department 2001). Since completion of bycatch characterization studies 
reported here, TPWD has conducted BRD tests in Aransas Bay (1997), Matagorda Bay 
(1999), and Galveston Bay (2000) to ascertain effectiveness of various BRDs in reducing 
bycatch in the Texas bay shrimp trawling industry. 



Based on these findings, Texas commercial shrimping regulations were amended 
to begin requirement of BRDs in bay shrimp trawls beginning 1 September 2001. One of 
TPWD's goals is to find BRDs that maximize shrimp trawl bycatch reduction while 
minimizing commercial shrimp loss. Proactive input by the Texas shrimp industry in 
assisting to find innovative BRD designs that increase effectiveness in reducing shrimp 
trawl bycatch while minimizing shrimp loss is paramount in helping to resolve 
conservation and industry bycatch concerns, and insuring renewable and sustainable 
Texas marine resources. 
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Table 1. Total number of commercial bycatch samples collected by bay system during the spring 
(15 May-1 5 July) and fall (15 August- 15 December) 1993-1995 commercial bay-shrimp seasons. 

Bay System . Year Samples Collected 
Spring Fall 

Sabine Lake 1994 7 3 2 

Galveston Bay 1995 15 2 8 

Matagorda Bay 

Matagorda Bay 

San Antonio Bay 

San Antonio Bay 

Aransas Bay 

Aransas Bay 

Corpus Christi Bay 

Corpus Christi Bay 

Lower Laguna Madre 1993 27 57 



Table 2. Mean ratios and standard error (SE) by number (no.) and weight (g) of commercial shrimp trawl bycatch to shrimp, finfish bycatch to shrimp, 
and other invertebrates to shrimp for samples collected by bay system during the spring (15 May-15 July) and fall (15 August-15 December) 
1993- 1995 commercial bay-shrimp seasons. 

Spring Season Fall Season 
Bay System Year no. SE g SE no. SE g SE 

Sabine Lake 
Total bycatch to shrimp (X: I) 
Finfish bycatch to shrimp (X: 1) 
Other invertebrates to shrimp (X: 1) 

Galveston Bay 
Total bycatch to shrimp (X:l) 
Finfish bycatch to shrimp (X: 1) 
Other invertebrates to shrimp (X:l) 

Matagorda Bay 
Total bycatch to shrimp (X: 1) 
Finfish bycatch to shrimp (X:l) 
Other invertebrates to shrimp (X:l) 

Matagorda Bay 
Total bycatch to shrimp (X:l) 
Finfish bycatch to shrimp (X: 1) 
Other invertebrates to shrimp (X:l) 

San Antonio Bay 
Total bycatch to shrimp (X: 1) 
Finfish bycatch to shrimp (X:l) 
Other invertebrates to shrimp (X:l) 

San Antonio Bay 
Total bycatch to shrimp (X: 1) 
Finfish bycatch to shrimp (X:l) 
Other invertebrates to shrimp (X: 1) 



Table 2 (Cont'd.) 
Spring Season Fall Season 

Bay S ystem Year no. SE i3 SE no. SE g SE 

Aransas Bay 1993 
Total bycatch to shrimp (X: 1) 1.22 0.22 2.35 0.43 1.91 0.60 4.85 1.28 
Finfish bycatch to shrimp (X: 1) 1.10 0.24 1.65 0.47 1.73 0.60 4.18 1.21 
Other invertebrates to shrimp (X: 1) 0.12 0.03 0.70 0.16 0.19 0.05 0.67 0.20 

Aransas Bay 1994 
Total bycatch to shrimp (X: 1) ' 2.37 0.93 6.72 3.10 1.50 0.36 4.67 1.17 
Finfish bycatch to shrimp (X:l) 2.06 0.35 5.53 2.76 1.04 0.34 2.90 1.05 
Other invertebrates to shrimp (X: 1) 0.31 0.10 1.19 0.37 0.46 0.09 1.78 0.50 

Corpus Christi Bay 1993 
Total bycatch to shrimp (X:l) 2.32 . 0.78 6.82 3.46 2.49 1.02 5.14 2.24 
Finfish bycatch to shrimp (X: 1) 1.65 0.61 5.19 2.94 1.86 0.95 4.12 2.12 c. 

Other invertebrates to shrimp (X: 1) 0.67 0.18 1 .ti1 0.52 0.63 0.31 1.03 0.48 P 

Corpus Christi Bay 1995 
Total bycatch to shrimp (X:l) 1.02 0.29 2.73 0.72 1.27 0.35 5.65 1.50 
Finfish bycatch to shrimp (X: 1) 0.83 0.27 2.19 0.64 0.84 0.24 2.01 0.39 
Other invertebrates to shrimp (X: 1) 0.19 0.03 0.54 0.19 0.42 0.12 3.62 1.42 

Lower Laguna Madre 1993 
Total bycatch to shrimp (X:l) 0.36 0.17 1.5 1 0.57 0.73 0.21 4.00 1.54 
Finfish bycatch to shrimp (X:l) 0.24 0.12 0.96 0.28 0.49 0.13 2.62 0.70 
Other invertebrates to shrimp (X: 1) 0.1 1 0.05 0.55 0.30 0.24 0.13 1.37 0.98 



Table 3. Mean catch rate +1 SE in number (no.rn9.8 m trawl) and weight (gm9.8 m trawl), and mean size+ 1 SE (TL mrn), of bycatch organisms and 
commercial shrimp caught in commercial shrimp trawls within Sabine Lake during the 1994 spring commercial bay-shrimp season (15 May-15 July). 
Percent for bycatch organisms is percent of total bycatch. Percent for commercial shrimp is percent of total catch. 

Species 

Bycatch 
Hardhead catfish 
Sand seatrout 
Atlantic croaker 
Harvestfish 
Gulf menhaden - 
Atlantic cutlassfish 
Blue crab* 
Gafftopsail catfish 
Star drum 
Bay anchovy 
Gizzard shad . 

Spot croaker 
Gulf butterfish 
Atlantic spadefish 
Southern flounder 
Lesser blue crab* 
Spotted seatrout 
Atlantic rangia* 
Hogchoker 
Bay whiff 
Bluntnose jack 
Longnose spider crab* 
Cabbagehead* 
Atlantic bumper 
Blackcheek tonguefish 
Threadfin shad 
Atlantic brief squid* 

Number Weight Length 

TL SE Min Max 



Table 3 (Cont'd.) 

Number Weight Length 

Species no./h/net SE % glhlnet SE % TL SE Min Max 

Bycatch 
Atlantic threadfin 
Lookdown 
Shrimp eel 

Commercial Shrimp 
Brown shrimp* 1,894.60 991.00 51.45 6,018.83 3,796.17 11.15 81.88 0.09 45 130 
White shrimp* 459.25 204.76 12.47 4,541.31 2,596.76 8.42 111.12 0.31 48 162 
*Invertebrates 



Table 4. Mean catch rate +1 SE in number (no.hl16.5 m trawl) and weight (gkI16.5 m trawl), and mean size + 1 SE (TL rnm), of bycatch 
organisms and commercial shrimp caught in commercial shrimp trawls within Sabine Lake during the 1994 fall commercial bay-shrimp season 
(15 August-15 December). Percent for bycatch organisms is percent of total bycatch. Percent for commercial shrimp is percent of total catch. 

Number 

Species no.h/net 

Bycatch 
Sand seatrout 1,292.67 
Star drum 1,127.74 
Atlantic croaker 203.45 
Blue crab* 167.06 
Gulf menhaden 77.34 
Atlantic bumper 67.92 
Bay anchovy 65.23 
Gafftopsail catfish 40.57 
Bay whiff 36.66 
Hogchoker 35.48 
Southern flounder 25.66 
Spot croaker 23.82 
Atlantic midshipman 18.19 
Hardhead catfish 17.76 
Atlantic brief squid* 14.59 
Silver seatrout 14.50 
Silver perch 12.70 
Seabob* 9.87 
Spotted seatrout 8.87 
Bighead searobin 8.65 
Atlantic cutlassfish 7.36 
Lesser blue crab* 7.11 
Atlantic spadefish 5.82 
Fringed flounder 5.05 
Inshore lizardfish 4.86 

Weight 

glhlnet SE % 

Length 

TL SE Min Max 





Table 4 (Cont'd.) 

Number Weight Length 

Species no.klnet SE 96 glhlnet SE % TL SE Min Max 

Bycatch 
Smooth puffer 0.18 0.18 0.01 0.72 
Banded drum 0.16 0.16 <0.01 0.48 
Round herring 0.16 0.16 <0.01 4.33 
Atlantic threadfin 0.15 0.15 <0.01 1.78 

Commercial Shrimp 
White shrimp* 437 1.28 998.44 56.95 16,213.66 2,984.98 25.02 2 1 149 87.90 0.05 
Brown shrimp* 129.24 55.52 1.61 473.94 215.26 0.73 76.44 0.18 38 127 
"Invertebrates 



Table 5. Mean catch rate +I SE in number (no.lh19.8 m trawl) and weight (gM9.8 m trawl), and mean size + 1 SE (TL mm), of bycatch organisms and 
commercial shrimp caught in commercial shrimp trawls within Galveston Bay during the 1995 spring commercial bay-shrimp season (15 May-15 July). 
Percent for bycatch organisms is percent of total bycatch. Percent for commercial shrimp is percent of total catch. 

Species 

Bycatch 
Atlantic croaker 
Sand seatrout 
Seabob* 
Gulf menhaden 
Blue crab* 
Star drum 
Atlantic cutlassfish 
Atlantic spadefish 
Atlantic brief squid* 
Spot croaker 
Atlantic bumper 
Atlantic moonfish 
Bay anchovy 
Pinfish 
Hardhead catfish 
Bay whiff 
Harvestfish 
Sea nettle* 
Atlantic midshipman 
Least puffer 
Bighead searobin 
Lesser blue crab* 
Cabbagehead* 
Southern kingfish 
Southern flounder 

Number Weieht Length 

TL SE Min Max 



Table 5 (Cont'd.) 

Number Weight Length 

Species 

Bycatch 
Atlantic threadfin 
Threadfin shad 
Hogchoker 
Roughback shrimp* 
Inshore lizardfish 
Gulf toadfish 
Striped burrfish 
Gafftopsail catfish 
Silver perch 
Thinstripe hermit crab* 
Banded drum 
Fringed flounder 
Bluntnose jack 
Unidentified grass shrimp* 
Spanish mackerel 
Ohio shrimp* 
Mantis shrimp* 
Bluefish 
Striped mullet 
Gizzard shad. 
Planehead filefish 
Striped blenny 
Gulf butterfish 
Violet goby 

g/h/ne t SE % TL SE Min Max 

Commercial.Shrimp 
Brown shrimp* 6,68 1.74 1,102.20 66.02 24,508.22 4,613.93 36.94 79.1 1 0.06 41 165 
White shrimp* 128.46 48.71 1.27 1,450.75 476.8 1 2.17 112.15 0.39 50 168 
*Invertebrates 



Table 6. Mean catch rate 21 SE in number (no.lh116.5 m trawl) and weight (gfhl16.5 m trawl), and mean size + 1 SE (TL mm), of bycatch organisms and 
commercial shrimp caught in commercial shrimp trawls within Galveston Bay during the 1995 fall commercial bay-shrimp season 
(15 August-15 December). Percent for bycatch organisms is percent of total bycatch. Percent for commercial shrimp is percent of total catch. 

Number Weight Length 

Species no.ihlnet 

Bycatch 
Sand seatrout 117.29 
Atlantic cutlassfish 109.70 
Blue crab* 109.69 
Atlantic croaker 100.62 
Bay whiff 86.36 
Roughback shrimp* 83.39 
Mantis shrimp* 82.77 
Bay anchovy 78.88 
Iridescent swimming crab* 74.82 
Hardhead catfish 70.69 
Atlantic brief squid* 66.83 
Bighead searobin 61.48 
Gulf menhaden 59.91 
Atlantic spadefish 53.91 
Fringed flounder 50.18 
Lesser blue crab* 48.28 
Atlantic bumper 40.28 
Moon jellyfish* 33.18 
Star drum 28.68 
Southern kingfish 21.01 
Threadfin shad 20.95 
Least puffer 18.74 
Harvestfish 18.44 
Sea nettle* 18.01 

SE Min Max 



Table 6 (cant.) 

Number Weieht Leneth 

Species 

Bycatch 
Seabob* 
Atlantic moonfish 
Atlantic midshipman 
Inshore lizardfish 
Hogchoker 
Lined sole 
Blackcheek tonguefish 
Gulf butterfish 
Spot croaker 
Pinfish 
Gafftopsail catfish 
Gulf toadfish 
Silver perch 
Lookdown 
Striped anchovy 
Skilletfish 
Spanish mackerel 
Cabbagehead* 
Bluntnose jack 
Atlantic stingray 
Southern flounder 
Striped burrfish 
Spotfin mojarra 
White mullet 
Sharptail goby 
Estuarine snapping shrimp* 
Pigfish 

Min 

40 
45 
5 1 
88 
61 
47 
78 
38 

1 04 
110 
138 
130 
92 
44 
90 
58 

180 

67 
141 
109 
88 
75 

137 
109 
36 

178 

Max 

105 
108 
65 

303 
123 
63 

126 
108 
194 
160 
194 
223 
1 44 



Table 6 (cant.) 

Number Weight Length 

Species no./h/net SE % ghlnet SE % TL SE Min Max 

Bycatch 
Shrimp eel 0.32 0.32 0.02 46.24 46.24 0.14 454.00 454 454 
Banded drum 0.30 0.30 0.02 0.90 0.90 <O.O 1 55.00 5 5 55 
Rock sea bass 0.30 0.30 0.02 13.15 13.15 0.04 142.00 142 142 
Crevalle jack 0.20 0.20 0.01 2.67 2.67 0.01 106.00 106 106 
Speckled swimming crab* 0.16 0.16 0.01 12.20 12.20 0.04 104.00 104 104 
Silver jenny 0.12 0.12 0.01 2.6 1 2.61 0.01 92.00 92 92 
Flagfin mojarra 0.08 0.08 0.01 0.56 0.56 <0.01 86.00 86 86 
Sheepshead 0.08 0.08 0.01 3.11 3.1 1 0.01 121.00 121 12 1 
Spotted seatrout 0.04 0.04 <0.01 2.63 2.63 0.01 189.00 189 189 

Commercial Shrimp 
White shrimp* 3,025.17 1,124.46 63.09 19,428.15 4,131 -46 36.80 94.22 0.09 55 165 
Brown shrimp* 200.23 58.45 4.18 1,208.46 383.59 2.29 88.42 0.09 2 1 132 
Pink shrimp* 17.52 7.35 0.36 138.67 59.63 0.26 92.89 0.37 70 118 
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Species 

Bycatch 
Threadfin shad 
Hogchoker 
Silver perch 
Atlantic bumper 
Longnose spider crab* 
Ocellated flounder 
Flatclaw hermit crab* 
Crevalle jack 
Atlantic spadefish 
Southern flounder 
Inland silverside 
Atlantic moonfish 
Atlantic stingray 
Mottled purse crab* 
Lined seahorse 
Pigfish 
Calico box crab* 
Crested cusk-eel 
Florida rocksnail* 
Thinstripe hermit crab* 
Southern hake 
Gafftopsail catfish 
Skilletfish 
Bank cusk-eel 
Spanish mackerel 
Sharptail goby 
Eastern oyster* 
Gulf toadfish 

Number Weight Length 

TL SE Min Max 



Table 7 (cont.) 

Number Weight Length 

Species no.h/net SE % ' @/net SE % TL SE Mi n Max 

Bycatch 
Lookdown 0.15 0.15 0.01 1.08 1.08 <0.01 8 1 .OO 8 1 8 1 

Commercial Shrimp 
Brown shrimp* 3,873.95 1,380.86 57.89 22,876.64 6,570.60 33.14 93.73 0.04 43 147 
Pink shrimp* 7.92 7.29 0.12 11 1.33 105.96 0.16 121.51 0.67 100 135 
White shrimp* 3.95 2.63 0.06 48.12 24.45 0.07 119.17 6.48 43 162 
*Invertebrates - 



Table 8. Mean catch rate 21 SE in number (no.lhl16.5 m trawl) and weight (ghl16.5 m trawl), and mean size r: 1 SE (TL rnm), of bycatch organisms 
and commercial shrimp caught in commercial shrimp trawls within Matagorda Bay during the 1994 fall commercial bay-shrimp season (15 August- 
15 December). Percent for bycatch organisms is percent of total bycatch. Percent for commercial shrimp is percent of total catch. 

Species 

Bycatch 
Gulf menhaden 
Bay anchovy 
Cabbagehead* 
Sand seatrout 
Least puffer 
Silver perch 
Hardhead catfish 
Spot croaker 
Atlantic croaker 
Atlantic brief squid* 
Blue crab* 
Fringed flounder 
Bighead searobin 
Gafftopsail catfish 
Inshore lizardfish 
Star drum . 
Bay whiff 
Atlantic cutlassfish 
Harvestfish 
Pinfish . 
Gulf butterfish 
Southern kingfish 
Atlantic spadefish 
Gizzard shad 
Spanish mackerel 

Number Weight Length 

no.lhlnet SE % glhlnet SE % TL SE Min Max 



Table 8 (cont.) 

Number Weight Length 

I Species no./h/net SE 9% g/hlnet SE % TL SE Min Max 

Bycatch 
White mullet 
Atlantic bumper 
Mantis shrimp* 
Finescale menhaden 
Atlantic stingray 

1 Lookdown 
Blackcheek tonguefish 
Pigfish 
Hogchoker 
Spotted seatrout 
Eastern oyster* 
Striped mullet 
Bluntnose jack 
Crevalle jack 
Ladyfish 
Longnose spider crab* 
Lined sole 
Atlantic midshipman 
Spotfin mojarra 
Lined seahorse 
Family mud crabs* 
Black drum 
Southern flounder 
Brown rock shrimp* 
-Flatclaw hermit crab* 
Speckled swimming crab* 



Table 8 (cont.) 

Number Weight Length 

Species no./h/net SE 5% glhlnet SE 9% TL SE Min Max 

Bycatch 
Striped bunrfish 
Threadfin shad 
Shark eye* 
Gulf stone crab* 
Atlantic rangia* 
Atlantic moonfish 
Inland silverside 
Sheepshead 
Planehead filefish 
Chain pipefish 
Thinstripe hermit crab* 
Southern stargazer 
Violet goby 
Mottled purse crab* 
Gulf toadfish 
Cottonmouth jack 
Scaled sardine 
Striped anchovy 

Commercial Shrimp 
White shrimp* 1,546.57 530.70 53.88 8,980.94 2,078.75 25.89 97.29 0.07 27 191 
Brown shrimp* 44.17 20.12 1.54 156.84 54.13 0.45 75.17 0.49 41 161 
Pink shrimp* 11.99 6.00 0.42 49.47 23.19 0.14 76.60 0.60 37 127 
*Invertebrates 



Table 9. Mean catch rate +I SE in number (no.h19.8 m trawl) and weight (glh'9.8 m trawl), and mean size + 1 SE (TL rnrn), of bycatch organisms and 
commercial shrimp caught in commercial shrimp trawls within Matagorda Bay during the 1995 spring commercial bay-shrimp season (15 May-15 July). 
Percent for bycatch organisms is percent of total bycatch. Percent for commercial shrimp is percent of total catch. 

Species 

Bycatch 
Gulf menhaden 
Atlantic croaker 
Sand seatrout 
Bay anchovy 
Spot croaker 
Gafftopsail catfish 
Blue crab* 
Star drum 
Atlantic moonfish 
Atlantic cutlassfish 
Least puffer 
Peppermint shrimp* 
Bay whiff 
Hardhead catfish 
Atlantic brief squid* 
Lesser blue crab* 
Harvestfish 
Atlantic midshipman 
Crevalle jack 
Gulf butterfish 
Bighead searobin 
Pinfish 
Hogchoker 
Fringed flounder 
Atlantic spadefish 
Spanish mackerel 
Atlantic threadfin 

Number 

no.hlnet SE % 

Weight 

m n e t  SE 8 

Length 

TL SE Min Max 



Table 9 (cont.) 

Species 

Bycatch 
Mantis shrimp* 
Inshore lizardfish 
Atlantic bumper 
Silver perch 
Blackcheek tonguefish 
Striped anchovy 
Atlantic stingray 
Southern flounder 
Bluntnose jack 
Eastern oyster* 
Southern kingfish 
Thinstripe hermit crab* 
Cownose ray 
Seabob* 
Naked goby 
Pigfish 
Ladyfish 
Brown rock shrimp* 
Mottled purse crab* 
Florida pompano 
Smooth puffer 
Ocellated flounder 
Squatter pea crab* 
Portly spider crab* 
Gulf toadfish 
Cabbagehead* 

Number Weight Length 

TL SE Min Max 



Table 9 (cont.) 

Number Weight Length 

Species no./h/net SE % g/h/net SE % TL SE Min Max 

Commercial Shrimp 
Brown shrimp* 4,527.01 1,015.15 53.84 20,768.89 3,836.02 32.83 88.13 0.02 4 1 135 
White shrimp* 196.49 123.01 2.33 1,443.55 876.72 2.28 103.43 0.32 65 174 
Pink shrimp* 21.37 13.65 0.25 105.81 66.92 0.1 1 89.02 0.12 52 122 



Table 10. Mean catch rate +1 SE in number (no.Ml6.5 m trawl) and weight (glhl16.5 m trawl), and mean size + 1 SE (TL mm), of bycatch 
organisms and commercial shrimp caught in commercial shrimp trawls within Matagorda Bay during the 1995 fall commercial bay-shrimp season 
(15 August-15 December). Percent for bycatch organisms is percent of total bycatch. Percent for commercial shrimp is percent of total catch. 

Species 

Bycatch 
Gulf menhaden 
Sand seatrout 
Atlantic brief squid* 
Blue crab* 
Cabbagehead* 
Mantis shrimp* 
Atlantic bumper 
Peppermint shrimp* 
Bay anchovy 
Atlantic croaker 
Gulf butterfish 
Lesser blue crab* 
Hardhead catfish 
Fringed flounder 
Atlantic cutlassfish 
Spot croaker 
Least puffer 

I Inshore lizardfish 
Bighead searobin 
Star drum 
Atlantic spadefish 
Striped anchovy 
Harvestfish 
Bay whiff 
Gafftopsail catfish 
Dwarf surf clam* 

Number Weight Leneth 

TL SE Min Max 



Species 

Bycatch 
Bluntnose jack 
Threadfin shad 
Silver perch 
Crevalle jack 
Eastern oyster* 
Pinfish 
Spanish mackerel 
Spotfin mojarra 
Lookdown 
Scaled sardine 
Blackcheek tonguefish 
Lesser rock shrimp* 
Pigfish 
Atlantic midshipman 
Southern kingfish 
Moon jellyfish* 
Atlantic stingray 
Spotted seatrout 
Banded drum 
Longnose spider crab* 
White mullet 
Brown rock shrimp* 
Atlantic moonfish 
Thinstripe hermit crab* 
Striped burrfish 
Lightning whelk* 
Flatclaw hermit crab* 
Striped mullet 

Number 

no./h/net SE % 

6.40 5.10 0.66 
6.01 2.57 0.62 
5.18 2.51 0.53 
3.89 1.92 0.40 
3.73 3.25 0.38 
3.01 1.57 0.3 1 
2.80 2.19 0.29 
2.55 1.08 0.26 
2.54 1.21 0.26 
2.34 1.98 0.24 
1.69 1.33 0.17 
1.52 1.52 0.16 
1.49 0.61 0.15 
1.35 1.06 0.14 
1.31 0.51 0.14 
1.28 0.88 0.13 
1.22 0.38 0.13 
1.20 1.02 0.12 
1.12 1.02 0.12 
0.94 0.41 0.10 
0.87 0.61 0.09 
0.75 0.75 0.08 
0.70 0.43 0.07 
0.64 0.36 0.07 
0.45 0.23 0.05 
0.45 0.45 0.05 
0.45 0.34 0.05 
0.34 0.24 0.04 

Weight 

'SE 96 

152.09 0.75 
36.65 0.45 
57.57 0.52 
70.88 0.45 
48.23 0.28 
38.52 0.35 

278.89 1.42 
9.93 0.10 
6.08 0.05 

17.41 0.10 
13.13 0.08 
3.76 0.02 

28.52 0.28 
20.55 0.13 
33.21 0.34 
8 1.08 0.50 
50.3 1 0.62 
16.65 0.09 
1.92 0.0 1 

1 1.79 0.10 
19.01 0.12 
1.53 0.0 1 
2.50 0.02 
4.00 0.03 
4.44 0.03 

53.75 0.23 
2.40 0.0 1 
6.34 0.03 

Length 

TL SE Min Max 



Number Weight 

Species no.Mnet SE % glhlnet SE % 

Byca tch 
Portly spider crab* 0.32 0.18 0.03 4.95 3.08 0.02 
Sea walnut* 0.29 0.29 0.03 36.88 36.88 0.16 
Hogchoker 0.22 0.22 0.02 1.96 1.96 0.01 
Rock sea bass 0.19 0.19 0.02 6.09 6.09 0.03 
Lane snapper 0.16 0.16 0.02 5.11 5.11 0.02 
Gulf kingfish 0.15 0.15 0.02 0.61 0.61 4.01 
Red snapper 0.13 0.13 0.01 1.18 1.18 0.0 1 
Gizzard shad 0.12 0.09 0.01 4.65 3.14 0.02 
Crested blenny 0.12 0.12 0.0 1 0.12 0.12 <0.01 
Dwarf seahorse 0.12 0.12 0.0 1 1.11 1.11 €0.01 
Bluefish 0.1 1 0.07 0.01 6.49 6.10 0.03 
Dwarf sand perch 0.11 0.11 0.0 1 1.34 1.34 0.0 1 
Southern flounder Oslo 0.10 0.0 1 8.97 8.97 0.04 
Estuarine snapping shrimp* 0.10 0.10 0.01 0.10 0.10 €0.01 
Chain pipefish 0.07 0.07 0.0 1 0.33 0.33 €0.01 
Ocellated flounder 0.06 0.06 0.0 1 4.82 4.82 0.02 
Gulf stone crab* 0.06 0.06 0.0 1 16.28 16.28 0.07 
Leopard toadfish 0.04 0.04 €0.01 4.23 4.23 0.02 
Inland silverside 0.04 0.04 <0.01 0.04 0.04 €0.01 
Speckled swimming crab* 0.04 0.04 c0.01 0.55 0.55 ~0.01 
Leopard searobin 0.02 0.02 <0.01 0.46 0.46 <0.01 

Length 

TL SE Min Max 

Commercial Shrimp 
White shrimp* 875.74 275.51 46.43 5,176.01 1,328.75 17.92 91.06 0.12 3 1 197 
Brown shrimp* 30.24 18.02 1.60 270.72 201.23 , 0.94 96.67 0.50 57 153 
Pink shrimp* 11.05 7.86 0.58 73.89 55.83 0.26 88.64 0.42 55 137 



Table 11. Mean catch rate +I SE in number (no.Ad9.8 m trawl) and weight ( w 9 . 8  m trawl), and mean size 2 1 SE (TL mrn), of bycatch 
organisms and commercial shrimp caught in commercial shrimp trawls within San Antonio Bay during the 1994 spring commercial bay-shrimp 
season (15 May-15 July). Percent for bycatch organisms is percent of total bycatch. Percent for commercial shrimp is percent of total catch. 

Number Weight Length 

Species no ./h/net SE % @net SE % TL SE Min Max 

Bycatch 
Gulf menhaden 
Bay anchovy 
Atlantic croaker 
Spot croaker 
Blue crab* 
Sand seatrout 
Hardhead catfish 
Crevalle jack 
Least puffer 
Gafftopsail catfish 
Atlantic brief squid* 
Pinfish 
Gizzard shad 
Silver seatrout 
Threadfin shad 
Bay whiff 
Atlantic thread herring 
Silver perch 
Southern flounder 
Atlantic threadfin 
Lesser blue crab* 
Inshore lizardfish 
FAMILY mud crabs* 
Fringed flounder 
Harvestfish 
Bighead searobin 



Number Weight Length 

Species 

Bycatch 
Mantis shrimp* 
Gulf butterfish 
Iridescent swimming crab* 
Spotted seatrout 
Blackcheek tonguefish 
Ladyfish 
Atlantic rangia* 
Pigfish 
Shoal flounder 
Hogchoker 
Rough silverside 
Southern kingfish 
Lined sole 
Atlantic bumper 
Roughback shrimp* 
Ohio shrimp* 
Striped mullet 
Atlantic cutlassfish 
Atlantic midshipman 
Atlantic spadefish 
Gulf kingfish 
Naked goby 
Scaled sardine 
Spanish mackerel 
Bluntnose jack 
Eastern oyster* 
Ocellated flounder 

% @net SE 9i TL SE Min Max 



Table I 1  (cont.) 

Number Weight Length 

Species no.Mnet S E  ?6 g/h/net S E  ?6 TL S E  Min Max 

Commercial Shrimp 
Brown shrimp* 4,606.64 1,449.18 57.38 32,558.33 10,352.35 47.78 96.88 0.02 56 190 
White shrimp* 169.74 122.44 2.1 1 1,033.05 814.54 1.52 93.31 0.28 52 193 
Pink shrimp* 3.47 3.47 0.04 29.39 29.39 0.04 95.00 3.89 86 102 



Table 12. Mean catch rate +I SE in number (no./h/16.5 m trawl) and weight (glhl16.5 m trawl), and mean size + 1 SE (TL mm), of bycatch 
organisms and commercial shrimp caught in commercial shrimp trawls within San Antonio Bay during the 1994 fall commercial bay-shrimp 
season (15 August-15 December). Percent for bycatch organisms is percent of total bycatch. Percent for commercial shrimp is percent of total catch. 

Species 

Bycatch 
Gulf menhaden 
Hardhead catfish 
Bay anchovy 
Spot croaker 
Atlantic thread herring 
Pinfish 
Atlantic brief squid* 
Silver perch 
Sand seatrout 
Gafftopsail catfish 
Mantis shrimp* 
Blue crab* 
Gizzard shad 
Lesser blue crab* 
White mullet 
Silver seatrout 
Inshore lizardfish 
Striped anchovy 
Threadfin shad 
Bay whiff 
Atlantic bumper 
Atlantic croaker 
Fringed flounder 
Least puffer 
Cabbagehead* 
Atlantic rangia* 
Spotted seatrout 
Black drum 

Number Weight 

TL SE Min Max 



Table 12 (cont.) 

Number Weight Leneth 

Species 

Bycatch 
Scaled sardine 
Harvestfish 
Eastern oyster* 
Spotfin rnojarra 
Lookdown 
Crevalle jack 
Atlantic stingray 
Striped mullet 
B ighead searobin 
Lined sole 
Pigfish 
Southern flounder 
Gulf butterfish 
Southern kingfish 
Atlantic cutlassfish 
Hogchoker 
Trachypenaeid species* 
Sheepshead 
Longnose anchovy 
Blackcheek tonguefish 
Atlantic spadefish 
Cero 
Inland silverside 
Star drum 
Blunmose jack 
Ladyfish 
Atlantic midshipman 
Southern stingray 
.Arrow squid* 
Shark eye* 
Iridescent swimming crab* 

Min 

82 
60 
25 
61 
51 

100 
115 
105 
30 
47 
76 

121 
118 
109 
285 
45 
65 
80 
98 

110 
63 

144 
54 
81 

138 
305 
11 1 
204 
40 

36 

Max 

108 
175 
118 
113 
107 
171 
198 
281 
130 
130 
144 
207 
142 
235 
645 
68 
65 

225 
131 
137 
96 

154 
60 

115 
138 
343 
111 
204 
51 

36 





Table 13. Mean catch rate +1 SE in number (no.lh19.8 m trawl) and weight (dhf9.8 m trawl), and mean size + 1 SE (TL mm), of bycatch organisms and 
commercial shrimp caught in commercial shrimp trawls within San Antonio Bay during the 1995 spring commercial bay-shrimp season (15 May-15 July). 
Percent for bycatch organisms is percent of total bycatch. Percent for commercial shrimp is percent of total catch. 

Species 

Bycatch 
Spot croaker 
Atlantic croaker 
Gulf menhaden 
Bay anchovy 
Atlantic brief squid* 
Gafftopsail catfish 
Silver perch 
Sand seatrout 
Hardhead catfish 
Bay whiff 
Pinfish 
Blue crab* 
Lesser blue crab* 
Atlantic thread herring 
Least puffer 
Inshore lizardfish 
Mantis shrimp* 
Pigfish 
Gizzard shad 
Gulf butterfish 
Atlantic bumper 
Cabbagehead* 
Hogchoker 
Atlantic threadfin 
Atlantic cutlassfish 
Crevalle jack 
Blackcheek tonguefish 

Number Weight Length 

TL SE Min Max 



Table 13 (cont.) 

Number Weight Leneth 

Species 

Bycatch 
Fringed flounder 
Bighead searobin 
White mullet 
Atlantic midshipman 
Ocellated flounder 
Ladyfish 
Southern flounder 
Atlantic spadefish 
Southern kingfish 
Silver seatrout 
Longnose spider crab* 
Gulf stone crab* 
Lined sole 
Spanish mackerel 
Harvestfish 
Gulf flounder 
Lined seahorse 
FAMILY porcelain crabs* 
Spotted seatrout 
Unidentified grass shrimp* 
Star drum 
Gulf kingfish 
Atlantic stingray 
Shoal flounder 
Thinstripe hermit crab* 
Roughback shrimp* 
CLASS jellyfish* 

TL SE Min Max 



Table 13 (cont.) 

Number Weight Length 

Species no.lhlnet SE 96 @net SE  % TL SE Min Max 

Commercial Shrimp 
Brown shrimp* 7,365.20 2,581.20 63.69 41,843.46 14,353.27 44.04 86.26 0.02 32 177 
White shrimp* 96.06 81.17 0.83 456.75 258.90 0.48 88.12 0.56 52 162 
Pink shrimp* 1.14 1.14 0.01 3.43 3.43 7 1 .OO 7 1 7 1 



Table 14. Mean catch rate +1 SE in number (no.IW16.5 m trawl) and weight (glW16.5 m trawl), and mean size + 1 SE (TL mm), of bycatch organisms 
and commercial shrimp caught in commercial shrimp trawls within San Antonio Bay during the 1995 fall commercial bay-shrimp season 
(15 August-15 December). Percent for bycatch organisms is percent of total bycatch. Percent for commercial shrimp is percent of total catch. 

Number 

Species 

Bycatch 
Gulf menhaden 
Spot croaker 
Hardhead catfish 
Sea nettle* 
Pinfish 
Bay anchovy 
Silver perch 
Atlantic croaker 
Cabbagehead* 
Least puffer 
Gafftopsail catfish 
Sand seatrout 
Hooked mussel* 
White mullet 
Silver seatrout 
Blue crab* 
Threadfin shad 
Harvestfish 
Atlantic spadefish 
Atlantic brief squid* 
Moon jellyfish* 
Bay whiff 
Inshore lizardfish 
Striped mullet 
Atlantic stingray 
Irish pompano 
Spotted seatrout 

Weieht Length 

TL SE Min Max 



Table 14 (cont.) 

Number Weight Length 

Species no.klnet SE % glhfnet SE % TL SE Min Max 

Bycatch 
Atlantic threadfin 
Atlantic cutlassfish 
Eastern oyster* 
Pigfish 
Southern flounder 
Longnose anchovy 
Atlantic midshipman 
Lesser blue crab* 
Lined sole 
Sheepshead 
Crevalle jack 
Ocellated .flounder 
Ladyfish 
Atlantic moonfish 
Southern kingfish 
Gulf butterfish 
Mantis shrimp* 
Gizzard shad 
Red drum 
Spanish mackerel 
Thinstripe hermit crab* 
CLASS jellyfish* 

Commercial Shrimp 
White shrimp* 3,044.31 763.97 42.62 18,362.84 2,725.47 21.34 90.06 0.06 45 166 
Brown shrimp* 420.61 185.28 5.89 1.849.07 771.73 ' 2.15 78.21 0.10 46 118 
Pink shrimp* 2.38 2.38 0.03 20.04 20.04 0.02 95.00 3.35 84 111 



Table 15. Mean catch rate +I SE in number (no./h/9.8 m trawl) and weight (g/h/9.8 m trawl), and mean size + 1 SE (TL mm), of bycatch organisms and 
commercial shrimp caught in commercial shrimp trawls within Aransas Bay during the 1993 spring commercial bay-shrimp season (15 May-15 July). 
Percent for bycatch organisms is percent of total bycatch. Percent for commercial shrimp is percent of total catch. 

Species 

Bycatch 
Gulf menhaden 
Spot croaker 
Atlantic croaker 
Blue crab* . 
Bay anchovy 
Sand seatrout 
Lesser blue crab* 
Pinfish 
Bay whiff 
Silver perch . 

Hardhead catfish 
Blackcheek tonguefish 
Least puffer 
Atlantic spadefish 
Hogchoker 
Sharptail goby 
Atlantic midshipman 
Lined sole 
Southern flounder 
Atlantic threadfin 
Harvestfish 
Atlantic cutlassfish 
Inshore lizardfish 
Spotfin mojarra 

Number Weight Length 

TL SE Min Max 
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ERRATA 

Table 3. (Continued) is to be placed as Page 14. 

Table 4. (Continued) is to be placed as Page 16 

Table 1 1 .  (Continued) is to be placed as Page 30. 

Table 12. (Continued) is to be placed as Page 32. 

Table E.11 is to be placed as Page 148. 

Table E. 12 is to be placed as Page 149. 



Table  3 .  (Cont inued)  . 
~p 

F i n f i s h  S h e l l f i s h  

Shrimp 

Black Sheeps- Brown Blue E a s t e r n  Grand 
Year drum Flounder  head Snapper  Othe r  T o t a l  and Pink White Othe r  T o t a l  Crab O y s t e r  Othe r  T o t a l  T o t a l  



Table  4.  (Con t inued)  . 

F i n f i s h  S h e l l f i s h  

Black Sheeps-  Brown Blue E a s t e r n  Grand 
Year drum Flounder  head Snapper  Othe r  T o t a l  and Pink White O t h e r  T o t a l  Crab O y s t e r  Othe r  T o t a l  T o t a l  



T a b l e  11. (Con t inued)  

F i n f i s h  S h e l l f i s h  

Shr imp 

Black Floun- Sheeps-  Brown Blue Grand 
Year drum d e r  head M u l l e t  Cobia  Grouper Snapper  O t h e r  T o t a l  and P ink  White  O t h e r  T o t a l  c r a b  O t h e r  T o t a l  T o t a l  



T a b l e  1 2 .  ( C o n t i n u e d ) .  

F i n f i s h  S h e l l f i s h  

Shr imp 

B lack  Floun- Sheeps-  Brown Blue  Grand 
Year drum d e r  head M u l l e t  Cob ia  Grouper  Snappe r  O t h e r  T o t a l  and P i n k  Whi te  O t h e r  T o t a l  c r a b  O t h e r  T o t a l  T o t a l  

1991 2 .0  51.9  0 . 6  4 .6  7 . 9  183 .9  687.8  314.2  1252 .8  131761.1  28024.4  836 .9  160622.4  4.7 2 . 4  160629 .5  161882.3  

1992 23.0  50 .6  0 . 3  . 2 . 2  6 . 7  224.4  1781 .4  1289 .0  3377.5  95288.5 25897.7 2782 .1  123968 .3  3 . 9  6 . 6  123978 .8  127356 .3  

1993 11.7  30.6  0.4 5 .5  9 .7  3 2 2 . 5  2729 .9  1105 .9  4216.2 86091.7 21998.7 3096.8  111187 .3  1 . 3  3 . 0  111191.6  115474.2  

1994 37.4 24.2 0 .6  2 .0  6.6 305.8  2301.0  1058.5  3736.1  117269.8  29200.3  1574.4  148044.4  3 5 . 3  3 . 0  148082.7  151818.8  

1995 107 6 4 . 1  0 .7  0 . 6  7 . 3  355 .1  2424.2  1812.2  4770.8 107255.2  30690 .1  1536 .9  139482,.3 2 . 9  4 . 1  139489.3  144260.1  , 
1996 45 .1  22 .0  0 .4  1 . 3  1 0 . 5  156.4  3178 .1  1541.2  4955.1 99048.3 38560.5  2373 .2  139981.9 2 4 . 0  3 . 3  140009 .3  144964.4 

1997 0 .0  5 . 8  4 .4  0 . 5  5 . 9  172 .4  3296.2 1 7 9 5 . 3  5280.6  93499.3 37330.7 2 8 5 1 . 9  133682.0 1 4 . 5  2 . 9  133699.4 138980.0 

1998 13 .5  9 .4  0 .2  2 . 5  1 6 . 2  336.4  3361.4 1455.1  5194.7 102382.5 45915.2 1949 .5  150247.2 3 . 5  3 . 6  150254.3  155449.0 
W 

1999 53.0  5 . 9  0 . 3  5 . 6  1 4 . 6  487 .8  3291.0 1701.6  5559.9  105984.5 50140 .0  722 .6  156847.0 0 . 2  1 7 . 4  156864.6  162455.3  
h, 



Table  E . l l .  Weight ( l b )  o f  each  sh r imp  s p e c i e s  (heads-on)  l a n d e d  commercia l ly  from t h e  Gulf  
o f  Mexico d u r i n g  1999. 

Month Brown and Pink Whlte Othe r  T o t a l  

January  

February 

March 

A p r i l  

June 

J u l y  

August 

September 

October  

November 

December 

T o t a l  






































































































