Status and Trends of Selected Marine Fauna
In the Corpus Christi Bay National
Estuary Program Study Area

John M. Lacson
Department of Biology
Southwest Texas State University

Wen Y. Lee
Aquatic Studies Branch
Resource Protection Division
Texas Parks and Wildlife Department

Publication CCBNEP-21
December 1997



TABLE OF CONTENTS
Title with Pl and Publication Information i

Management Conference Structure i

TNRCC page iv
Program Description v
Study Area Description vi
Study Area Map vii
Table of Contents iX
List of Tables X
List of Figures Xii
Acknowledgements XV
I. Executive Summary 1
Il. Introduction 4
I11. Literature Review 5
IV. Historical Data Review 22
V. Methods 23
VI. Results 29
A. red drum (Sciaenops ocellatus) 30
B. spotted seatrout (Cynoscion nebulosus) 45
C. white shrimp (Penaeus setiferus) 60
D. brown shrimp (Penaeus aztecus) 75
E. black drum (Pogonias cromis) 90
F. blue crab (Callinectes sapidus) 98
G. Atlantic croaker (Micropogonias undulatus) 120
H. pink shrimp (Penaeus duorarum) 135
I. Southern flounder (Paralichthys lethostigma) 150
J. Gulf menhaden (Brevoortia patronus) 165

VII. Conclusions and Recommendations 187



VIII. Literature Cited

IX. Appendix

Table

.1
1.2
.3
.4
.5
1.6
.7
1.8
1.9
111.10
.11
V.1
VI.1
IX.1
IX.2
IX.3
IX.4
IX.5
IX.6
IX.7
IX.8
IX.9
1X.10
IX.11
1X.12
1X.13
IX.14
IX.15
IX.16
IX.17
1X.18
1X.19
IX.20
IX.21

200

LIST OF TABLES

Size categories for study species, gear types, and collection time frames
Aspects of the biology of red drum, Sciaenops ocellatus

Aspects of the biology of spotted seatrout, Cynoscion nebulosus
Aspects of the biology of white shrimp, Penaeus setiferus

Aspects of the biology of brown shrimp, Penaeus aztecus

Aspects of the biology of black drum, Pogonias cromis

Aspects of the biology of blue crab, Callinectes sapidus

Aspects of the biology of Atlantic croaker, Micropogonias undulatus
Aspects of the biology of pink shrimp, Penaeus duorarum

Aspects of the biology of Southern flounder, Paralichthys lethostigma
Aspects of the biology of Gulf menhaden, Brevoortia patronus

Catch per unit of effort specifications for gill net catches

Summary results of trend analyses

Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results

red drum/gill net/Corpus Christi Bay

red drum/gill net/Aransas Bay

red drum/gill net/Upper Laguna Madre

red drum/gill net/three bay comparison

red drum/bag seine/Corpus Christi Bay

red drum/bag seineAransas Bay

red drum/bag seine/Upper Laguna Madre
red drum/bag seine/three bay comparison
spotted seatrout/gill net/Corpus Christi Bay
spotted seatrout/gill net/Aransas Bay
spotted seatrout/gill net/Upper Laguna Madre
spotted seatrout/gill net/three bay comparison
spotted seatrout/bag seine/Corpus Christi Bay
spotted seatrout/bag seineAransas Bay

spotted seatrout/bag seine/Upper Laguna Madre
spotted seatrout/bag seine/three bay comparison
white shrimp/bag seine/Corpus Christi Bay
white shrimp/bag seineAransas Bay

white shrimp/bag seine/Upper Laguna Madre
white shrimp/bag seine/three bay comparison
white shrimp/trawl/Corpus Christi Bay

201

191

Page

10
12
15
16
19
20
22
22
26
29
200

202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220



IX.22
IX.23
IX.24
IX.25
IX.26
IX.27
1X.28
IX.29
IX.30
IX.31
1X.32
1X.33
IX.34
IX.35
1X.36

Table

IX.37
1X.38
1X.39
1X.40
IX.41
1X.42
1X.43
IX.44
IX.45
1X.46
IX.47
IX.48
1X.49
IX.50
IX.51
1X.52
IX.53
IX.54
IX.55
IX.56
IX.57
1X.58
IX.59
1X.60
IX.61
1X.62

Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results

white shrimp/trawl/Aransas Bay

white shrimp/trawl/Upper Laguna Madre
white shrimp/trawl/three bay comparison
brown shrimp/bag seine/Corpus Christi Bay
brown shrimp/bag seineAransas Bay

brown shrimp/bag seine/Upper Laguna Madre
brown shrimp/bag seine/three bay comparison
brown shrimp/trawl/Corpus Christi Bay
brown shrimp/trawl/Aransas Bay

brown shrimp/trawl/Upper Laguna Madre
brown shrimp/trawl/three bay comparison
black drum/gill net/Corpus Christi Bay

black drum/gill net/Aransas Bay

black drum/gill net/Upper Laguna Madre
black drum/gill net/three bay comparison

LIST OF TABLES (continued)

Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results

blue crab/gill net/Corpus Christi Bay

blue crab/gill net/Aransas Bay

blue crab/gill net/Upper Laguna Madre

blue crab/gill net/three bay comparison

blue crab/bag seine/Corpus Christi Bay

blue crab/bag seineAransas Bay

blue crab/bag seine/Upper Laguna Madre
blue crab/bag seine/three bay comparison
blue crab/trawl/Corpus Christi Bay

blue crab/trawl/Aransas Bay

blue crab/trawl/Upper Laguna Madre

blue crab/trawl/three bay comparison
Atlantic croaker/gill net/Corpus Christi Bay
Atlantic croaker/gill net/Aransas Bay
Atlantic croaker//gill net/Upper Laguna Madre
Atlantic croaker/gill net/three bay comparison
Atlantic croaker/bag seine/Corpus Christi Bay
Atlantic croaker/bag seineAransas Bay

Atlantic croaker/bag seine/Upper Laguna Madre
Atlantic croaker/bag seine/three bay comparison
pink shrimp/bag seine/Corpus Christi Bay

pink shrimp/bag seineAransas Bay

pink shrimp/bag seine/Upper Laguna Madre
pink shrimp/bag seine/three bay comparison
pink shrimp/trawl/Corpus Christi Bay

pink shrimp/trawl/Aransas Bay

237

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235

Page
236

238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261



IX.63
IX.64
1X.65
IX.66
IX.67
1X.68
1X.69
IX.70
IX.71
IX.72
IX.73
IX.74
IX.75
IX.76
IX.77
IX.78
IX.79
1X.80
IX.81
1X.82
1X.83
IX.84

Figure

VI.1
VI.2
VI.3
Vi.4
VI.5
VI.6
VI.7
VI.8
VI.9
VI.10
VI11
VI.12
VI.13
VI.14
VI.15
VI.16
VI.17
VI.18

Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results
Analysis of deviance results

Trend analysis

pink shrimp/trawl/Upper Laguna Madre

pink shrimp/trawl/three bay comparison
Southern flounder/gill net/Corpus Christi Bay
Southern flounder/gill net/Aransas Bay

Southern flounder/gill net/Upper Laguna Madre
Southern flounder/gill net/three bay comparison
Southern flounder/bag seine/Corpus Christi Bay
Southern flounder/bag seineAransas Bay
Southern flounder/bag seine/Upper Laguna Madre
Southern flounder/bag seine/three bay comparison
Gulf menhaden/gill net/Corpus Christi Bay

Gulf menhaden/gill net/Aransas Bay

Gulf menhaden/gill net/Upper Laguna Madre274
Gulf menhaden/gill net/three bay comparison275
Gulf menhaden/bag seine/Corpus Christi Bay
Gulf menhaden/bag seineAransas Bay

Gulf menhaden/bag seine/Upper Laguna Madre
Gulf menhaden/bag seine/three bay comparison
Gulf menhaden/trawl/Corpus Christi Bay

Gulf menhaden/trawl/Aransas Bay

Gulf menhaden/trawl/Upper Laguna Madre
Gulf menhaden/trawl/three bay comparison

LIST OF FIGURES

red drum/gill net/Corpus Christi Bay

Spatial Distribution of CPUEred drum/gill net/Corpus Christi Bay

Trend analysis

red drum/gill net/Aransas Bay 32

Spatial Distribution of CPUEred drum/gill net/Aransas Bay 33

Trend analysis

red drum/gill net/Upper Laguna Madre

Spatial Distribution of CPUEred drum/gill net/Upper Laguna Madre

Model Summary
Trend analysis

red drum/gill net/three bay comparison
red drum/bag seine/Corpus Christi Bay

Spatial Distribution of CPUEred drum/bag seine/Corpus Christi Bay

Trend analysis

red drum/bag seine/Aransas Bay

Spatial Distribution of CPUEred drum/bag seine/Aransas Bay

Trend analysis

red drum/bag seine/Upper Laguna Madre

Spatial Distribution of CPUEred drum/bag seine/Upper Laguna Madre

Model Summary
Trend analysis

red drum/bag seine/three bay comparison
spotted seatrout/gill net/Corpus Christi Bay

Spatial Distribution of CPUEspotted seatrout/gill net/Corpus Christi Bay

Trend analysis

spotted seatrout/gill net/Aransas Bay

Spatial Distribution of CPUEspotted seatrout/gill net/Aransas Bay

262
263
264
265
266
267
268
269
270
271
272
273

276
277
278
279
280
281
282
283

Page

30
31

34
35
36
37
38
39
40
41
42
43
45
46
47
48



VI.19
VI1.20
VI.21
VI.22
VI1.23
VI.24
VI.25
VI1.26
VI.27
VI1.28
VI1.29
VI1.30
VI.31
VI1.32
VI.33
VI.34
V1.35
VI1.36
VI1.37
V1.38
VI1.39
V1.40
Vi.41
V1.42
VI1.43
VI1.44
VI1.45
V1.46
V1.47
V1.48
V1.49

Figure

VI1.50
VI.51
VI1.52
VI.53
VI1.54
VI.55
VI1.56
VI1.57
VI1.58
VI.59

Trend analysis spotted seatrout/gill net/Upper Laguna Madre
Spatial Distribution of CPUEspotted seatrout/gill net/Upper Laguna Madre

Model Summary spotted seatrout/gill net/three bay comparison
Trend analysis spotted seatrout/bag seine/Corpus Christi Bay
Spatial Distribution of CPUEspotted seatrout/bag seine/Corpus Christi Bay
Trend analysis spotted seatrout/bag seine/Aransas Bay

Spatial Distribution of CPUESspotted seatrout/bag seine/Aransas Bay

Trend analysis spotted seatrout/bag seine/Upper Laguna Madre
Spatial Distribution of CPUEspotted seatrout/bag seine/Upper Laguna Madre
Model Summary spotted seatrout/bag seine/three bay comparison
Trend analysis white shrimp/bag seine/Corpus Christi Bay
Spatial Distribution of CPUEwhite shrimp/bag seine/Corpus Christi Bay
Trend analysis white shrimp/bag seine/Aransas Bay

Spatial Distribution of CPUEwhite shrimp/bag seine/Aransas Bay

Trend analysis white shrimp/bag seine/Upper Laguna Madre
Spatial Distribution of CPUEwhite shrimp/bag seine/Upper Laguna Madre
Model Summary white shrimp/bag seine/three bay comparison
Trend analysis white shrimp/trawl/Corpus Christi Bay

Spatial Distribution of CPUEwhite shrimp/trawl/Corpus Christi Bay

Trend analysis white shrimp/trawl/Aransas Bay

Spatial Distribution of CPUEwhite shrimp/trawl/Aransas Bay

Trend analysis white shrimp/trawl/Upper Laguna Madre
Spatial Distribution of CPUEwhite shrimp/trawl/Upper Laguna Madre
Model Summary white shrimp/trawl/three bay comparison

Trend analysis brown shrimp/bag seine/Corpus Christi Bay
Spatial Distribution of CPUEbrown shrimp/bag seine/Corpus Christi Bay
Trend analysis brown shrimp/bag seine/Aransas Bay

Spatial Distribution of CPUEbrown shrimp/bag seine/Aransas Bay

Trend analysis brown shrimp/bag seine/Upper Laguna Madre
Spatial Distribution of CPUEbrown shrimp/bag seine/Upper Laguna Madre
Model Summary brown shrimp/bag seine/three bay comparison

LIST OF FIGURES (continued)

Trend analysis brown shrimp/trawl/Corpus Christi Bay
Spatial Distribution of CPUEbrown shrimp/trawl/Corpus Christi Bay
Trend analysis brown shrimp/trawl/Aransas Bay

Spatial Distribution of CPUEbrown shrimp/trawl/Aransas Bay

Trend analysis brown shrimp/trawl/Upper Laguna Madre
Spatial Distribution of CPUEbrown shrimp/trawl/Upper Laguna Madre
Model Summary brown shrimp/trawl/three bay comparison
Trend analysis black drum/gill net/Corpus Christi Bay

Spatial Distribution of CPUEblack drum/gill net/Corpus Christi Bay
Trend analysis black drum/gill net/Aransas Bay

49
50
51
52
53
54
55
56
57
58
60
61
62
63
64
65
66
67
68
69
70
71
72
73
75
76
77
78
79
80
81

Page

82
83
84
85
86
87
88
90
91
92



V1.60
VI.61
VI1.62
VI1.63
V1.64
VI1.65
V1.66
VI1.67
V1.68
VI1.69
VI.70
VI.71
VI.72
VI.73
VI.74
VI.75
VI.76
VI.77
VI.78
VI.79
VI1.80
VI.81
VI1.82
VI1.83
VI1.84
V1.85
V1.86
VI1.87
V1.88
VI1.89
VI1.90
VI.91
VI1.92
VI1.93
VI1.94
VI1.95
VI1.96
VI1.97
V1.98
VI1.99

Figure

Spatial Distribution of CPUEblack drum/gill net/Aransas Bay

Trend analysis black drum/gill net/Upper Laguna Madre
Spatial Distribution of CPUEblack drum/gill net/Upper Laguna Madre

Model Summary black drum/gill net/three bay comparison

Trend analysis blue crab/gill net/Corpus Christi Bay

Spatial Distribution of CPUEblue crab/gill net/Corpus Christi Bay

Trend analysis blue crab/gill net/Aransas Bay 100
Spatial Distribution of CPUEDIue crab/gill net/Aransas Bay 101
Trend analysis blue crab/gill net/Upper Laguna Madre

Spatial Distribution of CPUEblue crab/gill net/Upper Laguna Madre

Model Summary blue crab/gill net/three bay comparison

Trend analysis blue crab/bag seine/Corpus Christi Bay

Spatial Distribution of CPUEDIue crab/bag seine/Corpus Christi Bay

Trend analysis blue crab/bag seine/Aransas Bay

Spatial Distribution of CPUEDbIue crab/bag seine/Aransas Bay

Trend analysis blue crab/bag seine/Upper Laguna Madre
Spatial Distribution of CPUEDbIue crab/bag seine/Upper Laguna Madre

Model Summary blue crab/bag seine/three bay comparison

Trend analysis blue crab/trawl/Corpus Christi Bay

Spatial Distribution of CPUEDblue crab/trawl/Corpus Christi Bay

Trend analysis blue crab/trawl/Aransas Bay

Spatial Distribution of CPUEblue crab/trawl/Aransas Bay

Trend analysis blue crab/trawl/Upper Laguna Madre

Spatial Distribution of CPUEDIue crab/trawl/Upper Laguna Madre

Model Summary blue crab/trawl/three bay comparison

Trend analysis Atlantic croaker/gill net/Corpus Christi Bay
Spatial Distribution of CPUEAtlantic croaker/gill net/Corpus Christi Bay
Trend analysis Atlantic croaker/gill net/Aransas Bay

Spatial Distribution of CPUEAtlantic croaker/gill net/Aransas Bay

Trend analysis Atlantic croaker/gill net/Upper Laguna Madre
Spatial Distribution of CPUEAtlantic croaker/gill net/Upper Laguna Madre
Model Summary Atlantic croaker/gill net/three bay comparison
Trend analysis Atlantic croaker/bag seine/Corpus Christi Bay
Spatial Distribution of CPUEALtlantic croaker/bag seine/Corpus Christi Bay
Trend analysis Atlantic croaker/bag seine/Aransas Bay

Spatial Distribution of CPUEALtlantic croaker/bag seine/Aransas Bay

Trend analysis Atlantic croaker/bag seine/Upper Laguna Madre
Spatial Distribution of CPUEAtlantic croakerbag seine/Upper Laguna Madre
Model Summary Atlantic croaker/bag seine/three bay comparison
Trend analysis pink shrimp/bag seine/Corpus Christi Bay

LIST OF FIGURES (continued)

V1.100 Spatial Distribution of CPUEpink shrimp/bag seine/Corpus Christi Bay
V1.101 Trend analysis pink shrimp/bag seine/Aransas Bay

93
94
95
96
98
99

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
120
121
122
123
124
125
126
127
128
129
130
131
132
133
135

Page

136
137



V1.102 Spatial Distribution of CPUEpink shrimp/bag seine/Aransas Bay

V1.103 Trend analysis pink shrimp/bag seine/Upper Laguna Madre
V1.104 Spatial Distribution of CPUEpink shrimp/bag seine/Upper Laguna Madre
V1.105 Model Summary pink shrimp/bag seine/three bay comparison
V1.106 Trend analysis pink shrimp/trawl/Corpus Christi Bay

V1.107 Spatial Distribution of CPUEpink shrimp/trawl/Corpus Christi Bay

V1.108 Trend analysis pink shrimp/trawl/Aransas Bay

V1.109 Spatial Distribution of CPUEpink shrimp/trawl/Aransas Bay

VI1.110 Trend analysis pink shrimp/trawl/Upper Laguna Madre

VI1.111 Spatial Distribution of CPUEpink shrimp/trawl/Upper Laguna Madre

VI1.112 Model Summary pink shrimp/trawl/three bay comparison

VI1.113 Trend analysis southern flounder/gill net/Corpus Christi Bay
V1.114 Spatial Distribution of CPUEsouthern flounder/gill net/Corpus Christi Bay
VI1.115 Trend analysis southern flounder/gill net/Aransas Bay

VI1.116 Spatial Distribution of CPUEsouthern flounder/gill net/Aransas Bay

VI1.117 Trend analysis southern flounder/gill net/Upper Laguna Madre
V1.118 Spatial Distribution of CPUEsouthern flounder/gill net/Upper Laguna Madre
VI1.119 Model Summary southern flounder/gill net/three bay comparison
V1.120 Trend analysis southern flounder/bag seine/Corpus Christi Bay
VI1.121 Spatial Distribution of CPUEsouthern flounder/bag seine/Corpus Christi Bay
VI1.122 Trend analysis southern flounder/bag seine/Aransas Bay

V1.123 Spatial Distribution of CPUEsouthern flounder/bag seine/Aransas Bay

V1.124 Trend analysis southern flounder/bag seine/Upper Laguna Madre
V1.125 Spatial Distribution of CPUEsouthern flounder/bag seine/Upper Laguna Madre
V1.126 Model Summary southern flounder/bag seine/three bay comparison
V1.127 Trend analysis gulf menhaden/gill net/Corpus Christi Bay
V1.128 Spatial Distribution of CPUEgulf menhaden/gill net/Corpus Christi Bay
V1.129 Trend analysis gulf menhaden/gill net/Aransas Bay

V1.130 Spatial Distribution of CPUEgulf menhaden/gill net/Aransas Bay

VI1.131 Trend analysis gulf menhadengill net/Upper Laguna Madre
V1.132 Spatial Distribution of CPUEgulf menhaden/gill net/Upper Laguna Madre
V1.133 Model Summary gulf menhaden/gill net/three bay comparison
V1.134 Trend analysis gulf menhaden/bag seine/Corpus Christi Bay 172
V1.135 Spatial Distribution of CPUEgulf menhaden/bag seine/Corpus Christi Bay 173
V1.136 Trend analysis gulf menhaden/bag seine/Aransas Bay

VI1.137 Spatial Distribution of CPUEgulf menhaden/bag seine/Aransas Bay

V1.138 Trend analysis gulf menhaden/bag seine/Upper Laguna Madre
V1.139 Spatial Distribution of CPUEgulf menhaden/bag seine/Upper Laguna Madre
V1.140 Model Summary gulf menhaden/bag seine/three bay comparison
V1.141 Trend analysis gulf menhaden/trawl/Corpus Christi Bay

V1.142 Spatial Distribution of CPUEgulf menhaden/trawl!/Corpus Christi Bay

V1.143 Trend analysis gulf menhaden/trawl/Aransas Bay

V1.144 Spatial Distribution of CPUEgulf menhaden/trawl/Aransas Bay

V1.145 Trend analysis gulf menhaden/trawl/Upper Laguna Madre

V1.146 Spatial Distribution of CPUEgulf menhaden/trawl/Upper Laguna Madre
V1.147 Model Summary gulf menhaden/trawl/three bay comparison

138
139
140
141
142
143
144
145
146
147
148
150
151
152
153
154
155
156
157
158
159
160
161
162
163
165
166
167
168
169
170
171

174
175
176
177
178
179
180
181
182
183
184
185



ACKNOWLEDGEMENTS

The field personnel of the Coastal Fisheries Division of the Texas Parks and Wildlife Department
are most gratefully acknowledged for assembling the priceless data analyzed in this report. The
preliminary preparation and analysis of data required to select optimal size classes of the study
species was performed by Dr. Urbe Woli, Conservation Scientist, Texas Parks and Wildlife
Department. Statistical analysis of gill net saturation effect and of trends in species yield was
performed by Dr. Michael Longnecker, Professor of Statistics, Texas A&M University. Spatial
distribution analysis was performed by Nelson Loponi, Conservation Scientist, Texas Parks and
Wildlife Department. The authors thank Albert Green, Branch Chief, Aquatic Studies Branch,
Texas Parks and Wildlife Department, for assisting with the planning of this project and for
timely words of guidance. We are very grateful to the many reviewers who lent their time and
expertise to this project.



EXECUTIVE SUMMARY

The Resource Protection (RP) Division of the Texas Parks and Wildlife Department
(TPWD) evaluated status and trends of Aransas Bay, Corpus Christi Bay, and Upper Laguna
Madre populations of red drum (Sciaenops ocellatus), spotted seatrout (Cynoscion nebulosus),
black drum (Pogonias cromis), Atlantic croaker (Micropogonias undulatus), Southern flounder
(Paralichthys lethostigma), Gulf menhaden (Brevoortia patronus), white shrimp (Penaeus
setiferus) brown shrimp (P. aztecus), pink shrimp (P. duorarum), and blue crab (Callinectes
sapidus). Relative abundance was analyzed using catch per unit of effort (CPUE) data from otter
trawl samples collected from 1982-1993, and bag seine and gill net samples collected from 1976-
1993. CPUE data conformed generally to one of four statistical distributions: 1) Poisson; 2)
overdispersed Poisson; 3) negative binomial, or; 4) overdispersed negative binomial. These
probability distributions typify data sets wherein many sampling efforts yield CPUE of zero,
while occassionally other samples have a very high CPUE. This situation is common in sampling
of estuarine nektonic communities. CPUE in relation to gill net set time was analyzed to
determine if CPUE increases or decreases with set time. Annual estimates of CPUE were
statistically tested for fit to linear or curvilinear growth or decline. To depict relative abundance
in relation to spatial distribution, maps were created which show areas of high, medium, low, and
lowest catch.

Finfish

In all three bays, modelled gill net CPUE of subadult red drum (545-749 mm TL) increased during
the study. In Corpus Christi and Aransas Bays the increasing trend was linear, whereas in
Upper Laguna Madre, the model curved upward after 1982. By contrast, no trend was detected
in modelled CPUE of young-of-the-year ([YOY] 20-39 mm TL) red drum in Corpus Christi and
Aransas Bays. The best fit model for red drum bag seine CPUE in Upper Laguna Madre
exhibited upward curvature after 1985. Red drum populations in the CCBNEP were low during
1983-1986. This finding was expected because of overfishing in the early 1980s, a severe freeze
in Texas in 1983, and a red tide in 1986. Probable causes for the resurgence of red drum
populations after the 1983-1986 bottleneck include changes in size and bag limits, the restocking
program, and stricter management measures.

Modelled bag seine and gill net catches of spotted seatrout within Upper Laguna Madre exhibited
upward curvature, with model minima occurring one year apart (1986 for bag seine and 1987 for
gill net). In Upper Laguna Madre, the poorest gill net CPUE of reproductively mature (300-449
mm TL) spotted seatrout occurred in 1984, probably as an after-effect of the 1983 freeze. Bag
seine CPUE of YOY (60-79 mm TL) in Corpus Christi Bay exhibited no trend, but modelled gill
net CPUE increased linearly. In Aransas Bay, modelled bag seine and gill net CPUE exhibited no
linear or curvilinear trends. Spotted seatrout in Upper Laguna Madre were apparently not
affected by brown tide and actual CPUE increased noticeably as of 1993. Based on these results,
yields of spotted seatrout in Aransas Bay are not improving as vigorously as they are in Corpus
Christi Bay and Upper Laguna Madre.

In Corpus Christi and Aransas Bays, modelled gill net CPUE of black drum curved upward after
1985. In Upper Laguna Madre, the upward curve of the model began one year earlier. Although



the same size range of black drum (375-449 mm TL) was analyzed in all three bays, fish of this
size in the Upper Laguna Madre are thought to be reproductively active, whereas Corpus Christi
and Aransas Bay fish of this size are still considered subadults by TPWD researchers. This
apparent difference in size at reproduction itself suggests that black drum inhabiting Upper
Laguna Madre represent a unique fishery with distinctive population dynamics. In the
CCBNEP, declines in actual catch centered around 1984 and 1985 were probably due to high
mortality of cohorts of young black drum during the 1983 freeze. Actual black drum gill net
CPUE in Corpus Christi Bay was phenomenal commencing in 1991. Clearly, yields of subadult
black drum in Corpus Christi and Aransas Bays and of reproductively mature fish in Upper
Laguna Madre were on the upswing during the latter years of the survey. Based on data through
1993, incurrence of the brown tide did not have an adverse effect on adult black drum within
Upper Laguna Madre.

No trends were detected for YOY (60-79 mm TL) Atlantic croaker caught by bag seine within the
CCBNEP, but they were caught in relatively large numbers in 1984 in Corpus Christi and
Aransas Bays. In all three bays, YOY Atlantic croaker were caught infrequently in 1986 and
1987, possibly as a result of high mortality during the red tide. In Upper Laguna Madre, very
few YOY Atlantic croaker were caught until 1992. Although actual bag seine CPUE generally
increased from 1989 to 1992 in Aransas Bay, the increase was not sufficient to give the model a
statistically positive slope. Declines in bag seine yields were evident in all three bays in 1993.
No trends were detected in Corpus Christi Bay and Aransas Bay gill net CPUE of reproductively
mature Atlantic croaker (225-299 mm TL). Modelled gill net CPUE within Upper Laguna Madre
curved downward after a maximum in 1981. With regard to the relative timing of high CPUE in
both bag seine and gill net collections, Corpus Christi Bay and Aransas Bay were more similar to
each other than either one was to Upper Laguna Madre. Thus, of the four sciaenids (members of
the drum family) examined in the CCBNEP, the Atlantic croaker shows the least improvement in
population dynamics.

Modelled bag seine CPUE of YOY (20-39 mm TL) Southern flounder in Corpus Christi Bay
curved downward after 1989, even though actual maximum CPUE was recorded in 1990. No
significant trend was detected in gill net CPUE of reproductively mature (300-375 mm TL)
Southern flounder in Corpus Christi Bay. Yields by both gear types were poor in Corpus Christi
Bay during 1986-1989. Bag seine yield in Corpus Christi Bay was very poor during 1978-1984
and many more YOY Southern flounder were caught during the latter half of the survey period
(1985-1993). Modelled bag seine CPUE of Southern flounder in Aransas Bay also exhibited
downward curvature after 1985, whereas no significant trend was detected in gill net CPUE. Poor
actual yields of both size classes of Southern flounder were recorded during 1983-1988, and in
earlier years of the study period (1978-1981 for bag seine and 1979-1980 for gill net) in Aransas
Bay. In Upper Laguna Madre, actual yield of reproductive Southern flounder decreased sharply
after 1985. Furthermore, gill net yields in Upper Laguna Madre during 1987-1989 were poorest
on-record during the survey. These data resulted in a gill net model for Upper Laguna Madre
with downward curvature after 1983. Bag seine yields in Upper Laguna Madre were also
extremely poor during 1987-1989, leading to a linear model with negative slope.

Modelled bag seine, trawl, and gill net CPUE of Gulf menhaden within Upper Laguna Madre
exhibited decreasing linear trends. In Aransas Bay, Gulf menhaden bag seine, trawl, and gill net



CPUE decreased: for modelled bag seine and trawl catches, the decrease was linear, whereas gill
net catch curved downward after 1984. Models for bag seine, trawl, and gill net catch in Corpus
Christi Bay also exhibited downward curving trends with interpolated maxima in 1984, 1988, and
1982, respectively. In Aransas Bay, all three gears yielded low numbers of Gulf menhaden in
1986 and yields decreased further until 1989. Very few YOY Gulf menhaden were caught by bag
seine and trawl during 1985-1988 in Corpus Christi Bay. This suggests high mortality during the
1986 red tide. In general, substantially more reproductive-sized Gulf menhaden were caught
within the CCBNEP during 1979-1987 versus 1987-1993. Thus, in all three bays there was
evidence that Gulf menhaden representing three life stages were caught in generally decreasing
numbers during the survey.

Macroinvertebrates

In Upper Laguna Madre, bag seine CPUE of juvenile white shrimp (40-59 mm TL) and trawl
CPUE of emigratory-sized (100-124 mm TL) shrimp increased linearly, despite minimal actual
bag seine and trawl CPUE values recorded during 1985-1987. The best-fit model for bag seine in
Aransas Bay curved downward after 1988. This contrasted with the trawl model for Aransas
Bay, which curved upward after 1988. In Corpus Christi Bay, there was no trend in trawl catch,
but the model for bag seine catch curved upward slightly after 1988. Of the three bays, Upper
Laguna Madre has generally yielded the least white shrimp. This was the expected result because
of high salinity in Upper Laguna Madre compared to other Texas estuaries. However, white
shrimp yield of both size classes increased linearly by almost two-fold during the study in Upper
Laguna Madre.

Whereas bag seine CPUE of juvenile brown shrimp increased curvilinearly after 1986, trawl catch
of emigratory-sized brown shrimp decreased gradually after the same year. This was a curious
result similar to that found in the case of white shrimp caught in Aransas Bay. Opposing trends
were also seen in Upper Laguna Madre, where bag seine yield of juvenile brown shrimp (40-59
mm TL) curved downward after 1988, whereas trawl catch curved upward after 1987. Bag seine
CPUE of brown shrimp in Upper Laguna Madre was routinely poor and reached lowest levels in
1981, 1983, and 1990. The characteristic feature of bag seine data for Upper Laguna Madre was
the sole peak in catch clearly evident in 1987: such a well-defined peak in bag seine actual catch
was not evident in the other two bays. Actual trawl CPUE of brown shrimp in Upper Laguna
Madre was obviously much greater after the incurrence of brown tide in late spring/early summer
of 1990. In Aransas Bay, the model derived for bag seine catch was linear with a decreasing
slope, whereas the model derived for trawl catch of emigratory-sized shrimp (100-124 mm TL)
was curvilinear with an estimated maximum in 1989; there was also a major peak in actual catch
by trawl in 1991.

Upper Laguna Madre exhibited the most improvement in CPUE of YOY (40-59 mm TL) and
emigratory-sized (100-124 mm TL) pink shrimp. Bag seine CPUE in Upper Laguna Madre was
negligible during 1978-1983, but sporadic small peaks in actual catch were detected in 1987,
1989, and 1991; improved yields in these latter years influenced the positive linear component of
the bag seine model. In Aransas Bay, the bag seine model increased linearly whereas the trawl
model curved downward after 1987; actual trawl yields began to increase in 1985, then peaked in
1986 in Aransas Bay. It is important to note that even though the modelled curve for Aransas



Bay trawl CPUE reached a maximum in 1987, actual trawl CPUE was minimal during 1987. The
resultant model for Corpus Christi Bay trawl| catch resembled that of Aransas Bay except that
downward curvature was evident after 1989. Modelled bag seine CPUE of pink shrimp in
Corpus Christi Bay exhibited no trend. In general, the modelled trends indicate that catches in
Corpus Christi Bay and Aransas Bay were more similar in magnitude and timing to each other
than either one was to Upper Laguna Madre.

Analysis of bag seine CPUE of blue crab revealed no significant linear or curved trend in any of
the bays; all three bays yielded low numbers of YOY (20-39 mm TW [total width]) blue crab in
1984. The same result was obtained for trawl catches of juveniles (50-74 mm TW) in Corpus
Christi and Aransas Bays. Of all the models tested, only Upper Laguna Madre trawl CPUE
curved upward (after 1988). Actual trawl CPUE in Aransas Bay was generally greater than
catches in either Corpus Christi Bay or Upper Laguna Madre. Actual catch by gill net of adult
blue crab (150-224 mm TW [total carapace width]) peaked in 1983 and 1987 in all three bays,
although mean number of blue crab caught in Corpus Christi Bay in 1987 was about twice that
caught in Aransas Bay. Synchronicity of peaks in actual gill net catch resulted in similar models
for the three bays: all exhibited significant curvature with interpolated maxima in 1986 (Aransas
Bay), 1987 (Upper Laguna Madre), and 1988 (Corpus Christi Bay). These results confirm that
blue crab of reproductive size were most plentiful within the CCBNEP sometime within 1986-
1988. Catches of blue crab have declined since then, even though some peaks in actual CPUE
were recorded in latter years.

INTRODUCTION

In recent collaborative work with the Galveston Bay National Estuary Program, investigators
affiliated with the Texas Parks and Wildlife Department (TPWD) examined the status and trends
of estuarine fish and invertebrate populations of ecological and commercial value within
Galveston Bay (Green et al. 1992). The study was a model for the present work, in which we
evaluated Aransas Bay, Corpus Christi Bay, and Upper Laguna Madre populations of red drum,
spotted seatrout, black drum, Atlantic croaker, Southern flounder, Gulf menhaden, white shrimp,
brown shrimp, pink shrimp and blue crab. The objectives of this project were to evaluate
stability, growth, or decline of populations of these species in the CCBNEP area during the last
one/two decades and to explore reasons for detectable trends or lack thereof.

The Galveston Bay project revealed two characteristics of bag seine, otter trawl, and gill net
CPUE data. Generally, the statistical distribution of CPUE data for species collected by these
gears conformed to negative binomial or Poisson statistical distributions: that was evident from
results of routine preliminary data screens which indicated that often very few or very many
individuals of a species are caught in sample. This first characteristic of CPUE data is expected,
given that schooling behavior is typical during at least one stage of the species' lives. The second
characteristic apparent from the Galveston Bay CPUE data was that highest CPUE for particular



size-classes were recorded during the time of year when they were expected to be highest.
In other words, there was a remarkable concordance of peak CPUE per size class of a species
with historical seasonal peak abundances within the estuary.

Because of the success of the Galveston Bay status and trends methodology and the wealth of
biological collection records residing in the TPWD Coastal Fisheries (CF) Data Base, TPWD
personnel were engaged as collaborators to complete an analogous study for Aransas and Corpus
Christi estuaries, and the Upper Laguna Madre. These bays have also been sampled randomly
by bag seine and gill net since the mid-1970s and otter trawl since the early 1980s. This study
affords us the opportunity to compare relative abundances of fishes and macroinvertebrates in
the ecologically unique hypersaline Upper Laguna Madre and the more typical Aransas and
Corpus Christi estuaries. It also affords us the opportunity to evaluate potential differences in
CPUE of these fishes and macroinvertebrates before and during the brown tide, a
pervasive brown algal bloom which has persisted in Upper Laguna Madre since summer 1990.

The body of data analyzed in the present work will be discussed at length in ensuing sections. In
summary, these data are a very small subset of a massive information bank compiled by TPWD
CF Division. As mentioned previously, CF Division personnel have been routinely sampling
biota of estuarine and coastal waters for more than two decades. In fact, the CCBNEP study area
represents less than half of the water systems surveyed by the TPWD Coastal Fisheries
Division. TPWD personnel identify specimens down to the lowest taxon, then measure each
specimen according to procedures specified by a TPWD field manual (TPWD 1995): all relevant
data regarding gear type, location and time of sampling, hydrologic and ambient conditions at time
of sampling are recorded along with the biological data. These records are transcribed into a
mainframe computer data base.

This report contains the usual components of a scientific contribution, except that highly
technical results of statistical analyses are appended. It concludes with recommendations
regarding the need for continued analyses of the data base available at TPWD, particularly
with regard to developing a type of biotic integrity index for the estuaries. Such a biotic integrity
index would be a useful indicator of overall diversity and abundance of representatives of crucial
trophic levels within Texas estuaries.

LITERATURE REVIEW

The purpose of this review is to provide information (Table 111.1) used for determining size
categories, i.e., young-of-the-year, juvenile, subadult, reproductively mature, or in the case of
shrimp, of emigratory size. We also reviewed aspects of the biology of the species, particularly
in relation to salinity and temperature, for which abundant literature was available (Tables I11.2-
[11.11). As much as possible of the literature concerning the biology of study species in Texas
was gathered, but a great deal of literature from other sources was included by necessity.

In setting appropriate time frames and upper and lower size limits for the various life stages
selected for analysis in Table I11.1, two conventions were adopted: 1) size categories were set by
seeking a consensus in the literature on appropriate sizes for YOY, juvenile, subadult, or
reproductively mature individuals, and; 2) time frames for analysis of CPUE were set to
minimize repetitive sampling of the same cohorts, i.e., we accounted for the reported growth rate



during a particular life stage of the species, while delimiting the sampling period under analysis.
For example, we have extrapolated from the literature that red drum, black drum (both estimated
to grow at ~ 0.7 - 1.7 mm/day during the first year; Swingle et al 1983; Sutter et al 1986;
Beckman et al 1990)), spotted seatrout (~ 0.82 mm/day, McMichael and Peters 1989), and
Atlantic croaker (~ 0.5 mm/day, Ross 1988) grow rapidly as YOY: we have accounted for this
growth in setting size and time frames specified in Table I11.1. In the case of YOY collected by
bag seine, the earliest and most obvious seasonal CPUE peak was identified from graphs of raw
data (all years pooled) and used to establish a time frame delimiting the CPUE data subset which
was analyzed. This method was used because some study species are known to spawn
intermittently during the year.

Classification of sciaenids by life stage was based on surveys of the literature for black drum
(Bumguardner et al. 1995, Murphy and Taylor 1989, Nieland and Wilson 1993), red drum
(Pearson 1929, Simmons and Breuer 1962, Murphy and Taylor 1990, Wilson and Nieland 1994),
and spotted seatrout (Brown-Peterson and Thomas 1988; Colura et al. 1988) as well as on recent
work by investigators focusing on the biology of these species in Texas waters. The size range
representing reproducing subadult red drum (525-749 mm TL) was selected because preliminary
analysis of the data indicated that the largest fraction of red drum caught by gill net fell within
this size bracket; red drum within this size range in Texas waters are capable of reproducing but
are generally more fecund upon achieving greater total length (G. J. Holt, personal
communication). Black drum from the Upper Laguna Madre are known to mature early (by their
second year) and at a smaller size than fish from typical Texas bays to the north (Bumguardner et
al 1995): thus, fish in the size range 375-449 mm TL were considered to be adult in Upper
Laguna Madre, but subadult in Corpus Christi and Aransas Bays. The mean lengths at maturity
for Chesapeake Bay male and female Atlantic croaker were reported to be 182 and 173
mm, respectively (Barbieri et al 1994) so we set 225 mm as a conservative lower cut-off for Gulf
of Mexico Atlantic croaker (Table I11.1).

Southern flounder are known to be reproductively mature after age two, at which point males and
females are about 231-280 mm and 301-450 mm, respectively. Thus, our size category of 300-
395 mm safely represents individuals in their first year of spawning. McEachron et al (1977)
reported juvenile flounder may grow at a rate of 20 mm/month. This rapid growth rate is
accounted for in our selection of a very narrow size range (20-39 mm for YOY) and limited
time frame (April and May) indicated in Table I11.1. Gulf menhaden are very infrequently caught
by trawl if they are larger than 124 mm, hence our cut-off at 124 mm for subadults coincides well
with the 0-1 year class size range of <130 mm reported by Etzold and Christmas (1979) and
confirmed by Deegan (1990). Gill nets typically catch individuals in the size range 225-259 mm,
which would correspond to Deegan's (1990) reproductive three-year-old class (205 mm and
greater).

Prior to emigration from the estuary at an approximate size of 100 mm (Parker 1970, Muncy
1984), brown and white shrimps in Texas are estimated to grow at ~ 1.0-1.3 mm/day (Nichols
1981). Data are scant for pink shrimp, for which we can only estimate similar values based on a
report by Cummings (1961) indicating the carapace length of mature female pink shrimp is about
22 mm. From larval to juvenile stages, blue crab grow at an estimated rate of ~ 0.93-1.17 mm/day
carapace width. Blue crab are generally considered to be reproductive at lengths greater than 139



mm (Tagatz 1968). The cut-off point for juvenile crab size range (39 mm upper limit) was
adopted from Thomas et al (1990). According to Newcombe et al. (1949), average size at which
male blue crabs attain maturity is 89 mm CW, so we have set conservative limits for juvenile
and reproductive categories in Table Il1.1. It should also be noted that blue crabs smaller than
150 mm CW are seldom caught by gill net, so a lower setting of 150 mm in Table IlI.1
was necessary. The biology of each study species in relation to salinity is reviewed in Tabular
form (Tables I111.2-111.11).

Table I11.1. Study species, gear types used for collection, life stage of species caught by
corresponding gear type, size class corresponding to life stage, and months during which
collections represent the largest fraction of the species' population within the Corpus Christi Bay
National Estuary. BS = bag seine; TR = trawl; GN = gill net; YOY = young-of-the-year; JUV =
juvenile; SA = subadult; REP = reproductively mature; TL = total length; TW = total carapace
width; SPGNS = Spring gill net season; FGNS = Fall gill net season. Gill net seasons are defined
in “Methods”.

Species Gear Type Life Stage Size Range (mm) Months

red drum BS YOY 20-39 TL Oct.Nov. Dec.
GN SA 525-749 TL SPGNS

spotted seatrout BS YOY 60-79 TL Aug.Sep.Oct.
GN REP 300-449 TL SPGNS

white shrimp BS YOY 40-59 TL June July Aug.
TR Emigratory size 100-124 TL Sep. Oct. Nov.

brown shrimp BS YOY 40-59 TL Apr. May June
TR Emigratory size 100-124 TL May June July

black drum GN SA (Corpus 375-449 TL SPGNS

Christi and

Aransas Bays)
REP (Upper Laguna Madre)

blue crab BS YOY 20-39 TW Mar. Apr. May
TR Juv 50-74 TW Mar. Apr. May
GN REP 150-224 TW FGNS

Atlantic croaker BS YOY 60-79 TL Mar. Apr.
GN REP 225-299 TL FGNS

pink shrimp BS YOY 40-59 TL Sep. Oct. Nov.
TR REP 100-124 TL Mar. Apr. May.

Southern flounder BS YOY 20-39 TL Feb. Mar. Apr.
GN REP 300-375TL FGNS

Gulf menhaden BS YOY 20-39 TL April May
TR SUBAD 100-124 TL Sep.Oct. Nov. Dec.

GN REP 225-299 TL FGNS




Table I111.2. Salinity limits and preferences or optima for various features of the biology of the red drum.

Biological Feature Preference or ~ Remarks/Citation
Range Optimum
(ppt)  (ppt)

Field distribution in Texas Bays (most abundant at 30-35 ppt)
(adults and juveniles) 0->50 20-40 Simmons and Breuer, 1962

Records for collection in coastal
waters of Eastern Florida -29.9 Springer and Woodburn, 1960; Tagatz, 1962
Records for collection in coastal

waters of North Carolina 0-22.3 Tagatz and Dudley, 1961

Records for collection of larvae in
the Florida Everglades 8-35 Rutherford et al., 1986

Buoyancy of eggs after acclimation

to 26-36 ppt (laboratory study)
(eggs sink in <25 ppt) Holtet al., 1981

Egg development and hatching at 250C

(laboratory study) 10-40 30 Holtet al., 1981
Successful egg hatching at 25-279C
(laboratory study) 5-60 Holt and Banks, 1989
Survival of Day 1 larvae (25-270C) 5-60 15-35 (30 at 250C)Holt and Banks, 1989
Survival of Day 2 larvae (25-279C) 5-60 poorest conditions
Survival of Day 3 larvae (25-279C) 5-50 at 15 ppt at 300C

(laboratory study)

Metabolism of adult fish
laboratory study) 5-45 20-25 (at 20-280C) Wohlschlag, 1977

Osmotic adaptation (after 24 h) after

acclimation to 30 ppt at 24°C 2-40 (isotonicity at 11 ppt) Wakeman
and Wohlschlag, 1983

Salinity at which diet has no influence
on otolith elemental
composition 30 Hoff and Fuiman, 1995



Table I111.3. Salinity limits and preferences or optima for various features of the biology of the spotted seatrout.

Biological Feature

Preference or

Remarks/Citation

Range Optimum
(ppt)  (pPt)
Field distribution in Copano and Aransas 80% of individuals
Bays 2.3-34.9 caught at 5-20; Gunter, 1945
Field distribution in Baffin and Alazan <55 15-35 Breuer, 1957
Bays
Field distribution of juveniles in Laguna
Madre <60 <45 Simmons, 1957
Spawning in Laguna Madre <45 Simmons, 1957
Field distribution in Mesquite Bay, Texas 1.5-45.3 Hoese, 1960
Peak spawning in Florida estuaries and
lagoons 30-35 Tabb, 1966
Field distribution in Texas Bays and lagoons
of northwestern Gulf of Mexico <5-77 Hedgpeth, 1967
Occurrence of spawning in Louisiana
estuaries >30 Sabins and Truesdale,1974
Spawning site selection in Texas 20-37 Arnold et al., 1978
Collection of larvae in the Florida
Everglades 8-40  mean 33.2 + 1.7 Rutherford et al., 1986
Spawning site selection in Florida 15.5-36 Rutherford et al., 1989
McMuichael and Peters, 1989
Field distribution of larvae in Copano Bay 24 Banks et al., 1991
Spawning in the Laguna Madre <48 Holt et al., 1990
Field distribution of larvae in the Laguna
Madre > 40
Detection of drumming sounds associated
with spawning near Charleston, SC 16-32.5 Saucier and Baltz, 1992

Greatest abundance of recruits and spawners

during spawning season (May-Aug.)
in Louisiana estuaries

Significant (p < 0.01) abundance of recruits

during Sep.-Dec.

15-30

0-9

Helser et al., 1993; abun-
dance positively correlated
with salinity (p < 0.0001)

Abundance of recruits

negatively correlated with
salinity (p < 0.01);
spawners uniformly distrib-
uted over all salinity zones



Table 111.3 continued. Salinity limits and preferences or optima for various features of the biology of the spotted

seatrout.

Biological Feature

Range

(ppt)  (ppt)

Preference or
Optimum

Remarks/Citation

Operational metabolic limits at 20-280C
(laboratory study)

10-45 20

Successful egg hatching and larval survival
28.1

to developmen of eye pigmentation
in laboratory at 289C

Successful fertilization

Successful egg hatching
(laboratory study)

Survival of 1 Day larvae
(laboratory study)

Range of no-salinity related mortality
during the pelagic larval stage

at 280C

Upper and lower limits for 50% survival
(LD50) for larvae spawned at 32 ppt

(Lydia Ann Channel, Texas) at 28°C

Day 1 2 to3
Day 3 6.4
Day 5 3to4
Day 7 3to4
Day 9 1.9

Median lethal (LC50) and near-total lethal
(LC99) in terms of egg hatching
success at various temperature
regimes

200C LC50 =37 LC99 =50
230C LC50 =42 LC99 = 61
260C LC50 =52 LC99 = 69
290C LC50 =41 LC99 =61

320C LC50 = 44 L.C99 = 59

10-50

25-35

5-50 10-35

5-50 10-35

10-40

45.4
42.5
44 t0 45
44 t0 45
49.8

Wohlschlag and Wakeman, 1978

Taniguchi, 1978; 100%
survival predicted between

23.1-32.90C at 8.6-37.5ppt
Thomas and Boyd, 1989

(35-50 ppt not investigated
for hatching)

Thomas and Boyd, 1989

Holt and Banks, 1989

Banks et al., 1991

Gray etal., 1991



Table I11.4. Salinity limits and preferences or optima for various features of the biology of the white shrimp.

Biological Feature

Preference or

Remarks/Citation

Range Optimum
(ppt)  (ppt)
Abundance center in 1987 and for 10 years
prior to 1987 in marsh habitats in
Galveston Bay 16.1 Zimmerman et al., 1990

Field distribution in Copano and Aransas
bays (range of greatest abundance)

Field distribution in the upper Laguna

Madre, Texas <45
Field collection of size class 23-76 mm in

Laguna Madre de Tamaulipas,

Mexico <48

Lower distribution limit in Grand and White

Lakes, Louisiana 0.42
Preference based on apparent population
distributions <10

Field distribution in Texas bays and lagoons

of northwestern Gulf of Mexico ~ 2-45
Optimum catch at 20-380C 0-38
Field distribution of 91.1% of juveniles

collected in Caminada Bay,

Louisiana 1-34
Distribution in a salt marsh on Galveston

Island, Texas 16-37
Range at which 80% of individuals in size

class 8-50 mm survive after 48 h

acclimation in laboratory <2->40
Increased growth rates (>250C) 5-15

Postlarval distribution in laboratory gradient
tanks during May to July

Postlarval distribution in laboratory gradient
tanks during August to November

2.1-36.6 10.0-14.0

1-20

28.0
(median)

21.0
(median)

Isosmotic point for individuals > 100 mm  27.6-28.3

(subadults) held at 25.5-28.90C

Gunter, 1950

Simmons, 1957

Hildebrand, 1958

young shrimp abundant

at 0.7-0.8; Gunter and Shell, 1958

Gunter et al., 1964

Hedgpeth, 1967

Copeland and Bechtel, 1974

Crowe, 1975

Zimmerman and Minello, 1984

Zein-Eldin and Griffith, 1969

Keiser and Aldrich, 1976

McFarland and Lee, 1963



Table I11.4 continued. Salinity limits and preferences or optima for various features of the biology of the white
shrimp.

Biological Feature Preference or ~ Remarks/Citation
Range Optimum
(ppt)  (ppt)

Isosmotic point for juveniles at 23°C 23.3 Castille and Lawrence, 1981

Salinity at which thermal resistance of
postlarvae is (< 30) optimal in
laboratory studies 25 Wiesepape, 1975

Optimal laboratory acclimation salinity for
preparation of larvae for thermal
resistance tests 5



Table I111.5. Salinity limits and preferences or optima for various features of the biology of the brown shrimp.

Preference or Remarks/Citation
Range Optimum

Biological Feature

(ppt)  (ppt)

Field distribution in Copano and Aransas
Bays, Texas

Field collection in Laguna Madre, Texas <69

Lower limit for field distribution in Grand
and White lakes, Louisiana 0.8

Field distribution in Mesquite Bay, Texas 0.5-45.3

Lower limit for field collection in St. Lucie
estuary, Florida 0.22

Range of juvenile abundance in the field 10-30 10-19.9

Lower limit on the northern coast of the

Gulf of Mexico 0.8
Relatively large number of juveniles

collected in estuaries of the

Western Gulf 2.5-7.7

Conditions apparently conducive to enhanced
survival and growth of postlarvae in
Barataria Bay, Louisiana >15

Field distribution in Texas bays and lagoons 5-70

Lower limit for field collection in North
Carolina estuaries 0.1

Abundant field distribution of juveniles
(70-100mm) in Galveston Bay 0.9-30.8

Occurrence of postlarvae in Vermilion Bay,
Louisiana <1

Higher commercial catch yields coincident
with occurrence of postlarvae >15

Field collections within 20-350C range 9-40
in six Gulf of Mexico estuaries

Field distribution in Caminada Bay,
Louisiana 0.2-30

Range over which 92% of juveniles
were collected 10-30

2.1-36.6 15.0-19.9

Gunter, 1950

Simmons, 1957

Gunter and Shell, 1958

Hoese, 1960
Gunter and Hall, 1963

Gunter et al., 1964

significantly less caught
at 12.5-22.5 ppt; Chapman
etal., 1966

St. Amant et al., 1966

Hedgpeth, 1967

Williams and Deubler, 1968

Parker, 1970

Caillouet et al., 1971

Gaidry and White, 1973

Copeland and Bechtel, 1974

Crowe, 1975



Table I11.5 continued. Salinity limits and preferences or optima for various features of the biology of the brown
shrimp.

Biological Feature Preference or ~ Remarks/Citation
Range Optimum
(ppt)  (ppt)

High field densities in Louisiana waters <5 1-3 White and Boudreaux, 1977
Ranges within which the following percent- Herke et al., 1987
ages of total catch for individuals shrimp in every 5mm size
ranging in size from 10-130 mm class were caught within
were recorded at Marsh Island, 3.00-3.99ppt
Louisiana
7.7% 0.57-0.99
27.9% 1.0-1.99
45.9% 2.0-2.99
18.3% 3.0-6.99
Isosmotic point for individuals >100 mm  27.6-28.3 above 28.3 ppt, brown
in length (laboratory study) shrimp apparently osmo-

regulates more efficiently

than white shrimp

McFarland and Lee, 1963
Range for 90-100% postlarval survival at

23-259C in laboratory 2-40 Zein-Eldin, 1963
Range over which postlarvae and juveniles
(12.1-50mm) exhibited poor Zein-Eldin and Aldrich, 1965
tolerance at 7-159C in the
laboratory 5-10
Optimal laboratory conditions for growth ~ >15 St. Amant et al., 1966
and survival of young individuals
at 200C
Range for 80% survival of <25mm post- Zein-Eldin and Griffith,
larvae at >339C in laboratory, 1969; lower limits of
after acclimation <3->40 tolerance are at 150C at

Optimal conditions for juvenile shrimp
growth in mariculture ponds 15-25 Broom, 1970

Range for increased postlarval growth at
>250C 15-35

Acclimation salinity which provided
optimal resistance to high temperatures
and 2-25 ppt conditions in laboratory 5 Wiesepape et al., 1972

Optimal conditons for growth of postlarvae under
laboratory conditions 8.5-17 Bidwell, 1975

Median value for postlarval distribution during
March-April in an artificial gradient 29.9 Keiser and Aldrich, 1976



Table I11.5 continued. Salinity limits and preferences or optima for various features of the biology of the brown
shrimp.

Biological Feature Preference or Remarks/Citation
Range Optimum
(ppt)  (ppt)

Median value for postlarval distribution during
May-July in an artificial gradient 20.6

Apparent preference of juvenile (70 mm) Venkataramiah et al., 1977a
individuals at >269C in laboratory <17

Apparent optimal conditions for subadult (95 mm)
individuals at <250C in laboratory 15-25

Apparent optimal conditions for juvenile 8.5-17 Venkataramiah et al., 1977b
growth on low (40%) protein diet

in laboratory at 21-310C

Isosmotic point for juveniles (mean length 83mm) Castille and Lawrence, 1981
at 280C in the laboratory 25.6

Salinity at which taurine was found to comprise ~13 Bishop and Burton, 1993
the greater fraction of the free amino
acid (FAA) pool

Salinity at which proline was found to comprise ~26

the greater fraction of the free amino
acid (FAA) pool



Table I11.6. Salinity limits and preferences or optima for various features of the biology of the black drum

Biological Feature Preference or Remarks/Citation
Range Optimum
(ppt)  (ppt)

Field distribution in Laguna Madre

(adults and juveniles) 0-80  25-50 Simmons and Breuer, 1962
Field distribution in Copano and Aransas

Bays (adults and juveniles) 2.6-34.9 10-15 Gunter, 1945
Field distribution in Baffin Bay 50% of individuals

(larvae and juveniles) found above 50 two juveniles caught in 134 ppt

Gunter, 1945

Conditions for spawning <45 Simmons, 1957
Field distribution of small larvae (< 3mm) <45 Holt et al., 1990
in Laguna Madre
Field distribution of large larvae (> 3mm) high density of larvae
at 54 ppt (highest salinity observed in
study)

Egg development and hatching
(laboratory study) 5-34 Garzaetal., 1978

Metabolism of adult fish
(laboratory study) 5-45  20-30 (at 20-289C) Wohlschlag, 1977



Table I11.7. Salinity limits and preferences or optima for various features of the biology of the blue crab.

Biological Feature

(ppt)

Preference or Remarks/Citation
Range Optimum
(ppY)

Lower limit for occurrence in Louisiana 0

Range for egg hatching in Virginia
estuaries

Collection of egg-bearing females
near Aransas Pass, Texas

23-38

Field distribution in Copano and Aransas

22.9-32.4 >30.0

Gunter, 1938

Sandoz and Rogers, 1944

Gunter, 1950

Bays, Texas 2.0-37.210-20
Collection in Laguna Madre de Tamaulipas,
Mexico (evidence for toleration of
<117 extreme salinities)
Hildebrand, 1958
Field distribution in Mesquite Bay, Texas 2.8-40.6 Hoese, 1960
Spawning activity near the Texas coast >20 Daugherty, 1952
More, 1969
Salinity level associated with departure
of crabs from the Upper Laguna
Madre >45 Hawley, 1963

Field distribution in Texas bays and lagoons

of northwestern Gulf of Mexico ~ 2-60
Spawning and early development in Texas

Bays >20
Optimal catches at 10-350C 0-40
Collection of juveniles (< 20 mm) in the

lower Trinity River and upper

Trinity Bay <1
Egg hatching in the field 23-30
Egg hatching in the field 23-30
Egg hatching in the laboratory 18-26

Egg hatching in the laboratory none below 20.1

Hedgpeth, 1967

More, 1969
0-27 Copeland and Bechtel, 1974
Truesdale, 1970
Davis, 1965
Davis, 1965
Davis, 1965

Costlow and
Bookhout,1959



Table I11.7 continued. Salinity limits and preferences or optima for various features of the biology of the blue crab.

Biological Feature Preference or Remarks/Citation
Range Optimum
(ppt)  (ppt)

Frequent occurrence of individuals in 3-10mm
(carapace width) size class in Mississippi ~ 15-20
Frequent occurrence of individuals in 10-20 mm
(carapace width) size class in Mississippi
<10 Perry and Stuck, 1982

Maximum number of individuals in 20-40 mm

(carapace width) size class in Mississippi <10

Highest densities of individuals in megalops

stage (ages 6-20 days) in South Carolina  >18 Mense and Wenner, 1989

Highest densities of juveniles in South
Carolina 5-18 Mense and Wenner, 1989

Salinity at which the osmolarity of extra-
cellular fluid is regulated by active

transport of ions 26 Mantel, 1967
Salinity for widest range of thermal tolerance
in adults 24.2 Mahood et al., 1970
Lethal conditions for larvae at 209C in 5 100% mortality observed
the laboratory
Lethal conditions for larvae at 150C in 10 100% mortality observed

the laboratory

Salinity at which 100% of megalops survived Delayed metamorphosis
at 300C in the laboratory 35 was most apparent at low

temperatures (i.e., 159C)

and high salinities (~35-

40 o/o0) Costlow, 1967
Salinity at which 50% of megalops survived

at 159C in the laboratory 35
Optimum for zoeal development at 250C 30 Costlow and Bookhout, 1959
in the laboratory Sulkin and Epifanio, 1975

Bookhout et al., 1976

Lethal limit for juvenile crabs held at 299C
below 1o0/00 in the laboratory <1.0 mortality associated with molting
< 1 o/oo not lethal at 150C
Holland et al., 1971
Range over which oxygen consumption is
not affected 5-30 Laird and Haefner, 1976

Highest growth rate per ecdysis at 230C
of juveniles in the laboratory 3 Cadman, 1990



Table I11.7 continued. Salinity limits and preferences or optima for various features of the biology of the blue crab.

Biological Feature

Preference or

Remarks/Citation

Range Optimum

(ppt)  (ppt)

Upper limit of 21-day LC50 for juveniles Individuals from the Texas

collected from a normal salinity population were found

environment (ca. Grand Isle, Louisiana) to have higher energy

Louisiana) 56 absorption and scope for growth at
extreme salinities (i.e., 2.5, 35, and
50 0/00) relative to

Lower limit of 21-day LC50 for juveniles individuals from

the collected from a normal salinity Louisiana population

environment (ca. Grand Isle, Guerin and Stickle, 1990

Louisiana) 0

Upper limit of 21-day LC50 for juveniles

collected from a hypersaline

environment (ca. Corpus Christi,

Texas) 67

Lower limit of 21-day LC50 for juveniles

collected from a hypersaline

environment (ca. Corpus Christi,

Texas) 1 Guerin and Stickle, 1990



Table I11.8. Salinity limits and preferences or optima for various features of the biology of the Atlantic croaker.

Biological Feature

Preference or

Remarks/Citation

Range Optimum

(ppt)  (ppt)

Field distribution in northwestern Gulf
and Laguna Madre

Greatest abundance in Texas Waters<15

Collections of larvae in waters of South
Carolina

Field distribution in mesohaline region
of South Carolina Estuaries

Field distribution in Mississippi Sound

Range of common occurrence in Barataria
Bay, Louisiana

Lowest range of abundant catches in Grand
and White Lakes, Louisiana

Distribution of larvae between 0-16 m
in Chesapeake Bay Mouth
North Transect
South Transect
Inside Bay Mouth

Limits for egg buoyancy
(laboratory study)

Limits for successful fertilization of eggs
(laboratory study)

Limits for successful hatching of eggs
(laboratory study)

Limits for 1 Day larvae survival
(laboratory study)

Limits for no salinity related mortality
during the pelagic larval stage
spawned in near full-strength
seawater under optimum
temperature conditions
(laboratory study)

2->60
28-36
0.4-34.4 5-15
0-37 6-15
0-15
0.1t0 0.9
32
30-32
25-31
15->30
15-45 25-35

>5-<45 15-35

15-20

15-35

Hedgpeth, 1967

Gunter, 1945

Powles and Stender, 1979

Miglarese and Shealy, 1982

Overstreet and Heard, 1978

Rogers, 1979

Gunter and Shell, 1958

Norcross, 1991

eggs tend to sink at <25

Thomas and Boyd, 1989

Holt and Banks, 1989



Table 111.9. Salinity limits and preferences or optima for various features of the biology of the pink shrimp.

Biological Feature Preference or

Remarks/Citation

Range Optimum

(ppt)  (ppt)

Apparent salinity preference of juveniles in the
Gulf of Campeche >20

Field collections of individuals in 32-212 size
range in Pamlico Sound, North

Carolina at 6.0-32.20C 6.3-18.8

Field distribution in the Upper Laguna Madre,
Texas 3-69

Field collections in Lake Pontchartrain,
Louisiana at 10.5-28.8°C 3.9-10.3

Field collections in Chandeleur Sound,
Louisiana at 20.0-21.59C 30.6-35.3

Field collections in Mesquite Bay, Texas  2.7-35.7

Field collections in the Dry Tortugas at
21.7-30.40C 36.2-37.7

Field collections of individuals in 40-110mm
size range in Lake Borgner-Breton

Sound, Louisiana at 8.0-26.99C  3.0-21.9

Field collections in Tampa Bay, Florida at
15.8-33.00C 20.44-35.18

Field collections in Northern Gulf Coast
waters 2.5-65

Lower limit for field distribution in
St. Lucie estuary, Florida <1

Field collections of individuals in 20-110mm
size range in Caloosahatchee
estuary, Florida 1.0-34.2

Field collections of individuals in 15-145mm 0.64-40.4
size range in the Northwest Florida

coast at 7.6-34.70C

Field collections of individuals in 6.5-9.0mm
size range in Aransas Pass, Texas at

12.6-30.69C 29.7-37.4

Hildebrand, 1955

Williams, 1955

Simmons, 1957

Darnell and Williams, 1956

Hoese, 1960

Iverson and Idyll, 1960

El-Sayed, 1961

Dragovich and Kelly, 1964

Gunter et al., 1964

Gunter and Hall, 1963

Joyce, 1965

Copeland and Truitt, 1966



Table 111.9 continued. Salinity limits and preferences or optima for various features of the biology of the pink

shrimp.

Biological Feature

Preference or

Remarks/Citation

Range Optimum

(ppt)  (ppt)

Field collections of individuals in various size
classes in Florida waters

Lower Tampa Bay 4.3-28.7mm 21.9-37.2
Central Tampa Bay 5.0-31.8mm 15.9-33.5

Field disribution in the northwestern Gulf of

Mexico 5.0-60.0
Field distribution in waters of the northern

Gulf coast 2.7-60
Field collections of individuals in Tampa Bay

Florida at 13.0-31.00C 20.44-35.18
Field collections in Florida Bay at

16.6-32.20C 27.8-49.6
Field collections in Gulf coast estuaries 8-37 28-35

Isosmotic point for individuals of mean length
84 mm at 280C 26.3

Sykes and Finucane, 1966;
shrimp caught in

<31.8 and <30.5 ppt in Old
Tampa and Hillsborough
bays, respectively

Hedgpeth, 1967

Gunter, 1967

Saloman, 1968

Hudson et al., 1970
(highest catch ratio) virtually zero catch ratio

below 8ppt; Copeland and Bechtel,
1974

Castille and Lawrence, 1981



Table 111.10. Salinity limits and preferences or optima for various features of the biology of the Southern flounder.

Biological Feature Preference or Remarks/Citation
Range Optimum
(ppt)  (ppt)

Collection of adults in Aransas Bay, Texas 0-36 Stokes, 1977

Largest catches of juveniles and young

adults in Mississippi 15-20 Christmas and Waller, 1973
No adverse effects on survival and growth
of postlarvae <26 Deubler, 1960 (growth faster at higher
salinities)

Table 111.11. Salinity limits and preferences or optima for various features of the biology of the Gulf menhaden.

Biological Feature Preference or Remarks/Citation
Range Optimum
(ppt)  (ppt)

Catch ratio (successful catches divided by
attempts) for gulf coast juveniles 1-20  0-12 catch diminishes with increasing salinity
Copeland and Bechtel, 1974

Greatest abundance of all life stages5-10 Christmas, 1982

Catch of gulf menhaden 20-34.9 mm SL
in marshland routes of Southwest-
ern Louisiana 0.2-32.5 9-28 Marotz et al. 1990

HISTORICAL DATA REVIEW

CF of TPWD has been monitoring biota of major Texas estuaries: Sabine, Galveston,
San Antonio, Matagorda, East Matagorda, Aransas, and Corpus Christi Bays, upper Laguna
Madre, and lower Laguna Madre, and nearshore habitat of the Gulf of Mexico with gill nets, bag
seines, otter trawls, and oyster dredges (commencing in 1975, 1977, 1982, and
1992, respectively) for about two decades (Dailey et al., 1991). As a result of these sampling
procedures, TPWD amassed a growing body of data on biological resources and history of
enviromental conditions of major Texas estuaries. The data base consists of biological resource
records noted for each specimen and environmental information typically obtained with each
biological sample. The data base expands as field observations are transcribed into the TPWD
mainframe data storage bank by CF personnel, after which data are routinely subjected to



computerized and manual procedures designed to ensure quality control. Details of the data base
are given in the ensuing chapter.
METHODS

Detailed description of the TPWD Coastal Fisheries data base

The following records (hereafter referred to as resource records) were noted for organisms
collected during sampling: species name, species code, collection date, collection time, collection
location (identified by a major code [bay system], minor zone code [zone within the bay], station
[station within the zone], latitude, and longitude), length descriptor (total length, standard length,
fork length [methods of measurement are specific for each invertebrate taxonomic group]),
length, sex, and gear type used for collection (i.e., gill net, trawl, bag seine). Hydrologic and
environmental data (hereafter referred to as hydrologic records), which are typically gathered in
conjunction with a biological sampling procedure, include: location (major, minor, and station, as
defined above), surface area, start date, start time, lighting conditions, latitude, longitude, wind
speed, wind direction, cloud cover, barometric pressure, precipitation, fog, wave height, tide,
water depth, water temperature, dissolved oxygen, salinity, turbidity, bottom type, completion
date, completion time, lighting condition at end of sampling, and disposition of water samples if
taken. Field notes are transcribed into the TPWD mainframe data bank by TPWD personnel.
Data are subsequently assessed for quality with a computer program filter by an
analyst affiliated with the TPWD Resource Protection Division. Irregularities in resource or
hydrologic records are submitted to CF personnel for review and correction.

Description of sample collection sites according to Texas Parks and Wildlife Marine Resource
Monitoring Manual (1995)

Aransas Bay system: All waters, including all saltwater bayous in the bay system, behind the
surfline from the eastern edge of Mesquite Bay to the causeway between Port Aransas and
Aransas Pass, including the ICWW (intracoastal waterway). TPWD recognizes 21 minor zones
(Allyns Lake, Aransas Bay, Big Brundrett Lake, Little Brundrett Lake, Carlos Bay, Cedar
Bayou, Lydia Ann Channel, Aransas Channel, Copano Bay, Dunham Bay, Long Lake, Little
Bay, Mission Bay, Mesquite Bay, Port Bay, Redfish Bay, South Bay, Salt Lake, St. Charles
Bay, Sundown Bay, Swan Lake) within the Aransas Bay system.

Corpus Christi Bay system: All waters, including all saltwater bayous, behind the surfline from
the western edge of the causeway between Aransas Pass and Port Aransas to the powerline
connecting Demit Island to Mustang Island, and the mouth of the Nueces River. TPWD
recognizes eight minor zones (Port Aransas Pass, Corpus Christi Channel, Corpus Christi Bay,
Nueces Bay, Oso Bay, Redfish Bay, Sunset Lake, Water Exchange Channel) within the Corpus
Christi Bay system.

Upper Laguna Madre system: All waters, including all saltwater bayous, from the powerline
connecting Demit Island to Mustang Island to the land cut (middle ground to Rincon de San
Jose), including Baffin Bay and its tributaries. TPWD recognizes six minor zones (Alazan Bay,



Baffin Bay, Cayo del Grullo, Laguna Salada, Upper Laguna Madre, Corpus Christi Pass) within
the Upper Laguna Madre system.

Description of sampling techniques
Bag seine

Bag seines were 18.3 m in length, 1.8 m in depth, and had 19 mm stretched nylon
#5 multifilament mesh wings (8.3 m in length) and a 13 mm stretched nylon #5 multifilament
mesh bag (1.8 m in length). Bag seines were pulled in a direction parallel to the shoreline for a
distance of 15.2-30.5 m. Estuaries were divided into grids (one minute latitude by one minute
longitude) and only those grids containing a minimum of 15.2 m of shoreline were sampled.
Grids were subdivided into 144 gridlets (five seconds latitude by five seconds longitude).
Gridlets containing shoreline were chosen randomly. Shoreline within a gridlet was divided into
15.2 m sections, one of which was selected randomly as a starting point for the sample. Bag
seines were not pulled more than once in a grid during a month. Catch per unit effort (CPUE)
was defined as the number of individuals captured per unit area (18.3 m [bag seine length] x
length of pull) and was therefore standardized as the number of individuals captured per 0.03
hectare (CATCH/0.03 hectare).

Trawl

Otter trawl nets were flat, 6.1 m in width, and constructed with 38 mm stretched #9 nylon.
Samples were taken between dawn and dusk by pulling the net along the bay bottom at a speed
of approximately 3 mph (4.8 km/h) in a circular pattern for ten minutes. Sample locations
were selected randomly following the procedure described above for bag seines, under the
additional conditions that at least 1/3 of the grid was at least one meter deep and free of
obstructions. Trawling was not restricted to the vicinity of the shoreline and grids were not
sampled more than once a month. CPUE was defined as the number of individuals captured per
ten minutes of towing time (CATCH/10 min).

Gill net

Gill nets were 183 m in length, 1.2 m in depth, and were divided into four panels, each 45.75 m in
length with increasing mesh size (76 mm, 102 mm, 127 mm, and 152 mm). The nets were
situated in the vicinity of the shoreline and were oriented perpendicular to it, such that
the smallest mesh panel was closest to shore: nets were suspended by hard plastic floats and
weighted by a leadline. Sample grids and gridlets, which were selected randomly according to
the parameters used for bag seine grid and gridlet selection, conformed to additional conditions:
(1) each grid could contain no more than one set per night; (2) each grid could contain no more
than three gill nets per season, and; (3) sets occurring on the same night had to be at least
one kilometer apart. Nets were set within one hour of sunset and retrieved within four hours
after sunrise. Thus, the length duration of net emplacements varied with daylength, with an
average set duration of 12.5 h in the spring and 14 h in the fall.



Sampling schedule

For bag seine collections, ten sites were sampled per month during October 1981-March 1988.
Twelve sites were sampled per month by bag seine during April 1988-December 1989. Sixteen
sites were sampled per month by bag seine from January 1990-1992. Twenty sites have been
sampled per month by bag seine from 1992-present, under the still existing condition that no
more than five samples are taken per day. For trawl collections, 20 sites have been sampled per
month from May 1982 to the present (in the Upper Laguna Madre only 10 sites per month have
been sampled), under the condition that no more than five samples are taken per day. For gill net
collections, eight to 12 samples were taken per three-month season during the Fall of 1975-1981.
Since the Fall of 1982, sampling has been conducted during two ten-week periods, the first being
a Spring season which commences the second full week of April, and the second being a Fall
season which commences the second full week of September: 45 samples are collected per
season under the condition that no more than three samples are taken per day.

Data Collection

All organisms captured were identified to species or to the lowest taxon possible. For most
specimens, the total length (TL: tip of the snout to caudal fin of a fish; tip of rostrum to end of
telson of a shrimp) or carapace width (CW: between carapace tips of a carb) was measured to the
nearest millimeter. Whenever TL could not be measured directly, the standard length (SL: tip of
the snout to caudal peduncle of a fish) was measured, and TL was estimated using conversion
equations (Harrington et al. 1979). Commencing in 1980, only the first 19 individuals of the same
species caught in the same mesh <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>